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Editorial on the Research Topic
Case reports in cardio-oncology: 2022



One of the early references to an effect of cancer on the circulatory system was the observation by Armand Trousseau in the 1860s that vascular inflammation could be an early manifestation of the presence of a malignancy (1). Recurrent or migratory non-infectious vascular disease would become an important clinical sign that continues to draw the attention of clinicians to the possibility of occult malignancy. Cancer and cardiovascular disease are the two most common causes of mortality worldwide (2). Improvements in cancer therapy have led to the increasing number of cancer survivors. In the USA, an estimated 18 million individuals with a history of cancer were alive on January 1, 2022 (3). A sizeable number of these patients have cardiotoxicity related to radiation and or chemotherapy. In addition, amongst older patients diagnosed with cancer, heart and vascular disease are the most frequent concomitant conditions (4). Hence, in clinical practice, it is not uncommon for a clinician to face a patient who has a concomitant diagnosis of both cancer and cardiovascular disease.

Cardiovascular disease attributable to malignancy and, in more recent times, to the treatment of malignancy, has expanded. Interventions to mitigate preventable acute and long-term cardiovascular sequelae of the disease or its treatment have evolved into a discipline now referred to as cardio-oncology.

The era of cardio-oncology emerged with the introduction of therapeutic agents, most notably in the late 1960s and early 1970s with the introduction and expansion of anthracyclines (5). Exposure to anthracyclines resulted in cardiac failure that was dose-dependent when given in sufficiently high dosages, resulted in severe cardiac failure and death (6). Several important characteristics emerged: first, the toxicity could be quantified by ultrastructural changes in the myocyte when studied by electron microscopy (7). Dosages could be individualized, as not all exposed individuals showed equal sensitivity to the cardiotoxic effects, and some could tolerate doses several times greater than others. Additionally, risk factors for augmented sensitivity to these agents were explored and identified. Initially, entities such as hypertension and valvular lesions were noted to be risk factors, but the more modern view emerged that any entity that had either damaged the heart or that made it more susceptible to ongoing damage was a risk factor. Throughout the 1980s cardiac biopsies were undertaken to assess toxicity and were graded according to the toxicity scale initially proposed by Billingham and later modified by Mackay that allowed dosages to be individualized (8).

As non-invasive techniques improved, cardiac ejection fraction became the parameter of choice for cardiac surveillance, and both cardiac ultrasound and nuclear imaging in the form of multi-gated (MUGA) scans were widely used. However, it was recognized that while the cardiac biopsy showed and clearly quantified the injury to the myocyte, the ejection fraction could only detect the effects of the injury when compensatory reserves were sufficiently impaired. By the early 1980s, it was evident that ejection fraction reduction was a late consequence of anthracycline injury and was clearly not an optimal parameter for the guidance of anthracycline therapy (9). At that time sufficient interest had accumulated regarding risk assessment of cancer patients that the first mention of a cardio-oncologist (“oncologic cardiologist”) appeared in a major journal (9). Later, the fact that myocyte apoptosis-released troponin helped to solidify the concept that the anthracycline injury occurred early and could be quantified at the time of injury despite the fact that the impact of the injury might only come to the forefront years or even decades later (10).

As different therapeutic strategies entered the oncologic armamentarium other adverse events became recognized. Coronary spasm associated with 5-fluorouracil, while recognized, did not reach the threshold of requiring pre-evaluation or on-going surveillance. The approach to other modalities including radiation was largely reactive at that time; if a patient experienced an event or a hypertensive crisis, referral to a cardiologist might ensue to optimize management. By the 1990s, the taxanes had entered standard chemotherapy regimens, but cardiovascular sequelae were not a major concern; the associated bradycardia was generally transient and did not require the expertise of a cardiologist. Cyclophosphamide caused hemorrhagic myocarditis, but this was usually seen when high dosages were administered; high-dose usage and hemorrhagic myocarditis, while recognized, was uncommon, and the cardiologist's role was generally one of providing supportive care.

With the development of the monoclonal antibody trastuzumab, cardiac concerns regarding that agent, and later other novel agents, came to the forefront. An early report noted that, in patients with metastatic disease treated with an anthracycline, cyclophosphamide, and trastuzumab, class III or IV cardiac failure occurred in 27 percent (11). As reports of cardiac events following administration of trastuzumab appeared, there was great concern regarding the observed toxicity. It was speculated that it could be direct toxicity, but also might be the result of a synergistic effect, or a surveillance artifact (12). At that time, most thought that the reported toxicity was mechanistically similar to that seen with the anthracyclines and, therefore, would suggest that great caution was needed when using this highly effective medicine. Concerns were raised, especially in view of the intended role of trastuzumab in the adjuvant breast cancer setting, where many women could be exposed to this agent who, in fact, did not have residual cancer.

In 2005, it became clear that the cardiotoxicity of trastuzumab was fundamentally different from that of the anthracyclines and the concept of a new form of cardiotoxicity, now often referred to as Type II, was introduced (13). Trastuzumab did not show the ultrastructural changes characteristic of the anthracyclines and the decreased cardiac contractility was often transient. While some found the categorization of Type II agents, i.e., agents that do not directly cause myocyte injury as do anthracyclines, to be superficial or overly simplistic, the categorization had two huge effects: first, it became universally recognized that some forms of cardiac dysfunction following cancer treatment behaved differently from that seen with the anthracyclines. Perhaps more importantly, it allowed some of the major clinical trials to continue despite the recognition of decreasing ejection fractions; the results of those trials ultimately led to the approval of trastuzumab in the adjuvant setting, a huge breakthrough that resulted in a major life-sparing innovation in the treatment of HER2 positive breast cancer.

Questions regarding the cardiotoxicity of trastuzumab, and later of other monoclonal antibodies and tyrosine-kinase inhibitors, continued to raise concerns. The ability to mine expanding databases further added to the confusion regarding the true clinical risk of these newer agents as well as to questions about the ideal way to screen patients prior to their receiving anti-cancer treatment as well as what surveillance during and following treatment should be undertaken. As more studies were entered into the literature, the idea that some reports might have included false positive data and confounding factors, i.e., real changes in cardiac function related to factors other than a specific anti-cancer treatment might explain the disparity between the number of reported events and the clinical perception by many oncologists regarding the safety of some of these newer agents (14, 15). Concerns were sufficiently large that cardiac surveillance exploded and monitoring guidelines continue to suggest that surveillance was essential despite little evidence that extensive monitoring provided meaningful clinical benefit. In many instances guidelines were not followed (16). Additionally, both early and late sequalae of radiation were recognized and, while cardioprotective strategies to protect the heart from radiation exposure were developed, long-term late expression of radiation injury remains an important consideration in the surveillance of patients previously exposed to radiation (17).

A new era ensued with new concerns of cardiac damage as the vitally important and innovative group of anti-cancer agents, the immune checkpoint inhibitors, was introduced. These agents were associated with a rare but often lethal form of myocardial inflammation that continues to receive considerable attention. Risk factors are gradually emerging, but it is now clear that combinations of these agents have resulted in increased incidences of toxicity. Estimates of serious events suggest that clinically relevant myocardial inflammation occurs in about 1% of treated patients, but sub-clinical inflammation may occur in a greater proportion of patients. Treatment strategies usually include steroid administration, but other interventions are emerging (18).

As we move forward, the combined efforts of cardiologists and oncologists to optimize survival and quality of life of cancer patients will continue and will become increasingly important as remissions expand for increasingly long periods and cures become more common. The goal of cardio-oncology will be a more focused approach to help achieve an optimal balance between the risks of cancer treatment that impact the cardiovascular system and that include secondary burdens that affect quality of life with true short and long-term benefits of these interventions. Our ability to integrate new information and to apply new analytical techniques to achieve this balance will be one of the future goals of cardo-oncology, and one that is highly likely to continue to be important and potentially hugely meaningful.

As we explained above, cardio-oncology is a rapidly evolving field that focuses on the intersection between cardiovascular diseases and cancer. It has become increasingly important because advancements in cancer treatment have improved cancer survival rates, but they can also lead to cardiovascular complications. Therefore, it is crucial that cardio-oncologists understand and learn to mitigate the cardiovascular side effects of cancer therapies, optimize treatment strategies, and improve the overall outcomes and quality of life for cancer patients. To accomplish this goal, a multidisciplinary approach with collaboration between oncologists and cardiologists is essential. Both specialists bring their unique expertise, enabling comprehensive patient care. Working together, they can tailor cancer therapies to minimize cardiac risks and develop cardiovascular management strategies for cancer patients.

Cardio-oncology is a relatively new discipline, and this strengthens the importance of case reports. Such reports provide valuable insights into previously unknown or under-recognized cardiovascular complications of cancer treatments; many cardiotoxic sequalae, especially those that had not been anticipated from pharmacologic considerations or not seen in pre-clinical or early clinical studies, were first brought to our attention through case reports. These reports serve as the foundation for generating new knowledge, often through augmented surveillance and retrospective analysis. This, together with our understanding of the mechanisms, risk factors, and management strategies for such complications is crucial as we strive to place such events in perspective. Case reports also help in developing guidelines and best practice algorithms for cardio-oncology. We understand that there is a discussion to eliminate Case Reports because this section may negatively affect the impact factor of the journal. However, we would like to challenge this perception as we believe that Case Reports are critically important to the still young and evolving field of Cardio-Oncology and provide us with state-of-the art information. We are facing many new drugs and interventions. By focusing on cardio-oncology cases and obtaining more knowledge from each case, we can improve our understanding and ultimately improve patient outcomes, enhance survivorship, and optimize cancer treatment strategies for individuals with concurrent cancer and cardiovascular disease.
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The neuromuscular adverse events of immune checkpoint inhibitor (ICI) treatment include myositis, polymyalgia rheumatica, myocarditis, and myasthenia syndrome. We report a 47-year old female presenting with external ophthalmoplegia, generalized muscle weakness, and third-degree atrioventricular block 4 weeks after toripalimab treatment for metastatic thymoma. Creatine kinase was elevated to 25,200 U/l and cardiac troponin I to 2.796 ng/ml. Autoantibody profiling shows positive anti-ryanodine receptor and anti-acetylcholine receptor antibodies and negative myositis specific antibodies. Repetitive nerve stimulation did not reveal decrement of compound muscle action potentials. Pulse methylprednisolone and immunoglobulin infusion, together with temporary pacemaker insertion normalized her muscle enzyme levels and cardiac rhythm. This is the first report of overlaping neuromuscular adverse event of toripalimab.

Keywords: myositis, myasthenia gravis, myocarditis, PD-1, toripalimab


INTRODUCTION

Immune checkpoint inhibitors (ICIs) such as antibodies targeting programmed cell death 1 (PD-1), PD-1 ligand (PD-L1), and cytotoxic T lymphocyte associated antigen 4 (CTLA-4) are the major advances in cancer therapy in the recent two decades. These drugs eliminate cancer cells by “releasing the brakes” on T cell activation pathway, i.e., enhancing immune surveillance. This modulatory mechanism inevitably leads to pleiotropic immune-related adverse events (irAEs) which include neuromuscular involvement manifesting as myositis, polymyalgia rheumatica, myocarditis myasthenia syndrome, and peripheral neuropathy.

Toripalimab (Junshi Bioscience) is a new PD-1 monoclonal antibody approved by the National Medical Products Administration of China in 2018. A phase I trial registered with U.S. National Library of Medicine (identifier NCT03474640) is underway in the United States. Here we describe a case presenting with polymyositis, myocarditis, and myasthenia gravis (MG) after toripalimab treatment.



CASE DESCRIPTION

A 47-year-old woman was admitted to the Emergency Department of Xiangya Hospital because of progressive diplopia, myalgia, and limb weakness for 7 days. The patient presented with non-fluctuating diplopia, myalgia, and weakness throughout the four limbs without prodromal infections. The symptoms rapidly deteriorated and she also developed dysphagia and dyspnea. She was treated with 240 mg toripalimab for bone metastasis of thymoma 4 weeks earlier. Type B2 thymoma was diagnosed 2 years ago, with immunohistochemistry showing CD5 (++), CD17 (–), TdT (++), p63 (+++), CK5/6 (+++), TTF (–), NapsinA (–), CR (–), and WT1 (–). She had no prior history of muscle weakness. On physical examination, she was alert and had a slurred speech. She also had bilateral ptosis, and her eyes were fixed in the mid-position without any noticeable horizontal or vertical movement. Pupillary light reflexes were normal. Muscle strength of proximal limbs was graded 3/5 and distal 3+/5. Deep tendon reflexes were absent. Cardiac troponin I level was increased to 2.796 ng/ml (normal range <0.04 ng/ml), and creatine kinase to 25,200 U/L (40–200 U/l). Electrocardiogram showed sinus tachycardia and right bundle branch block. Electromyography showed muscle unit potentials with reduced amplitude and short duration, as well as increased fibrillation and positive sharp weave in her biceps brachii, extensor digitorum communis and quadriceps femoris. Repetitive stimulation of the facial, accessory and ulnar nerves did not reveal significant decrement or increment. Intramuscular neostigmine of 1 mg did not improve her muscle weakness. The patient soon developed type II respiratory failure, therefore was incubated and mechanically ventilated. She was treated with intravenous immunoglobulin (0.4 g/kg/d for 5 days) and was later transferred to Neurology Intensive Care Unit. Subsequent screening for MG antibodies showed positive ryanodine receptor antibody (RyR-Ab) and acetylcholine receptor antibody (AChR-Ab, 7.11 nmol/l, normal range <0.45 nmol/l). Myositis specific and myositis related antibody profiling revealed weakly positive anti-fibrillarin, anti-NOR-90, and Ro-52 antibodies. A regime of pulse methylprednisolone of 500 mg, succeeded by 250 mg each for 5 days was initiated. On the same day, she developed third-degree atrioventricular block with multiple asystole events and temporal pacemaker was inserted. ECG monitoring showed her heart beat gradually returned to sinus rhythm and the pacemaker was removed 12 days later. After 10 days of pulse methylprednisolone, oral prednisolone (60 mg/d) was used for 4 weeks, then tapering to a dose of 50 mg/d. Repeated MG antibody test 40 days after disease onset demonstrated negative RyR-Ab, but still increased AChR-Ab level (9.66 nmol/l). Sixty-nine days after onset, distal limb strength of this patient improved to grade 4-/5 and proximal to 3/5. Despite the normalized CK level and increased muscle strength, she still had difficulty weaning from the ventilator. She was transferred to local hospital for pulmonary and extremity rehabilitation. Telephone follow-up 1 month after the referral indicated that she was off mechanical ventilator support and on non-invasive ventilation. Figure 1 shows chronological changes of main laboratory markers and treatment.


[image: Figure 1]
FIGURE 1. Illustration of the main laboratory markers and treatment of this patient.




DISCUSSION

Neuromuscular irAEs represent a group of serious side effects of ICIs that requires prompt investigation and care. So far reported skeletal muscle irAEs of ICIs assume the forms of polymyositis, dermatomyositis, inclusion body myositis, antisynthetase syndrome, immune-mediated necrotizing myopathy, granulomatous myositis, and orbital myositis. The majority of ICI-related myositis cases assume the polymyositis phenotype, as our case does, although a definitive diagnosis requires pathological evidence. Patients usually present with acute onset myalgia and proximal weakness with moderately to severely elevated CK levels within 2 months of ICI initiation. Bulbar, extraocular muscle and axial involvement is also common. Myopathology ranges from necrotizing myopathy with few infiltrates to granulomatous inflammation within muscle tissues. Other types of myositis are anecdotal. ICI-related DM patients manifest characteristic DM skin changes such as periorbital heliotrope rashes. Whether the pathognomic perifascicular atrophy is present in this group of patients needs further exploration as unambiguous muscle biopsy evidence is lacking (1, 2). In a single case with lung adenocarcinoma, Nivolumab leads to development of myopathy and interstitial pneumonia, with anti-PL-7 seropositivity (3). Pembrolizumab is reported to cause painless orbital myositis with hyperCKaemia in a renal cancer case (4). In terms of the myositis specific antibodies that develop after ICI treatment, TIF1-γ and HMGCR antibodies are the only two reported antibodies (1, 5, 6). Notably, TIF1-γ antibody is closely correlated with tumors in idiopathic inflammatory myopathies. A definitive link between ICIs and HMGCR antibody remains undetermined, as the reported case has a pre-existing statin induced myopathy that resolves after statin discontinuation 2 weeks prior to ICI treatment. Patients with pre-existing myositis are inclined to flares following ICI treatment (7, 8). Proposed mechanisms include loss of self-tolerance by disrupted balance between Treg and T effector cells, shared antigens between tumor and tissue, and epitope spreading in which release of tumor-origin and self antigens initiates inflammatory cascade (9, 10).

Admittedly, our patient does not show any response to neostigmine and her repetitive stimulation lacks the characteristic amplitude decrement. It is also estimated that 20–37% of thymoma patients with elevated AChR levels do not develop MG (11, 12), which challenges the diagnosis of MG in this case. However, neither myositis nor myocarditis could account for the early and severe involvement of extraocular and respiratory muscles of this patient. Previous studies estimate that approximately 0.12–0.4% patients receiving ICI treatment develop or experience flares of MG (13, 14). The characteristic amplitude decrement of compound muscle action potentials occurs in 29–53% of these patients. Up to 66% of ICI-related MG cases have elevated anti-AChR antibody titer (13). They have more frequent anti-striated muscle antibodies than the idiopathic cases (66.7 vs. 39.5%) (13, 15). This group of patients also have a higher propensity to develop respiratory failure and a worse outcome. Anti-RyR antibody positive MG patients typically present with ocular, bulbar and axial weakness instead of limb weakness. Our case falls into class V of MG according to MGFA classification. This patient displays a generalized involvement of virtually all modalities of striated muscles, including extraocular, facial, bulbar, respiratory, axial, limb and cardiac muscles. While it is difficult to dissect the specific roles of each of the neuromuscular triad in phenotype development, there is no doubt that they synergistically contribute to the aggressive disease progression.

Adverse cardiac events related to ICIs include myocarditis, pericardial diseases, myocardial infarction, and vasculitis. The severity of myocarditis cases following ICI therapy range from sub-clinical to fatal. Patients may present with dyspnea, palpitation, syncope, or chest pain. Despite the overall elevated troponin levels, approximately half of cases demonstrate abnormal left ventricular ejection fraction (16, 17). In comparison, 89% cases have arrhythmias including atrial fibrillation, premature ventricular contraction, conduction block and ventricular tachycardia. On cardiovascular magnetic resonance, 48% of patients show late gadolinium enhancement (LGE), whose patterns include transmural, sub-epicardial, mid-myocardial, and diffuse (17). LGE was present in anteroseptal, inferoseptal, inferior, and inferolateral wall. Endomyocardial biopsy findings are characterized by myocardial infiltration consisting of T lymphocytes and macrophages (18). Notably, a previous analysis of irAEs in Chinese patients shows that toripalimab causes myocarditis more frequently than other ICIs (19). The National Comprehensive Cancer Network recommends permanent discontinuation of ICIs in Grade 3 (severe) and 4 (life-threatening) myocarditis cases (20).

Overall, the myositis-myocarditis-myasthenia gravis overlap represents a serious neuromuscular irAE of PD-1 monoantibodies, and are considerably more deleterious compared with their idiopathic counterparts. Meta-analysis shows that myositis, myocarditis and myasthenia gravis account for one fifth of irAE-related death (21). When the neuromuscular triad is present, the disease progression is particularly malignant. Permanent discontinuation of ICIs is therefore recommended for severe myositis or myocarditis, and also for myositis-myocarditis overlap (22, 23). Patients require more aggressive treatments including pulse steroid, immunoglobulin infusion and plasmapheresis. A second immunomodulatory drug is in option if the patient shows poor response to the above therapies (24).

It should be noted that thymic epithelial tumors (TETs) are associated with higher incidence of ICI-related irAEs compared with other types of cancers (25, 26). This may be explained by the critical role of thymus in T lymphocyte education and the compromised immune tolerance of TETs. Toripalimb is a recombinant humanized IgG4 monoantibody against PD-1 molecule that has a promising therapeutic potential for advance solid tumors. It is reported to cause more aggressive myocarditis (grade 3–5) (19). In conclusion, we report a case presenting with the neuromuscular triad irAE after toripalimab treatment. Clinicians should carefully consider the type and nature of tumors and be aware of the potential irAEs in each ICIs when planning immunotherapy.
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Case Report: A Primary Right Ventricular Vascular Malformation Presenting as a Mass
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Primary right ventricular vascular malformation is a rare primary benign anomaly in heart in nature. Due to the extremely low incidence and the progress on the classification of vascular malformation, a few cases were reported in the literatures. In the current case study, a 55-year-old women presented with a cardiac mass that was identified in right ventricle during a routine medical checkup. Magnetic resonance imaging demonstrated a well-circumscribed mass attached to the interventricular septum. Median sternotomy for the surgical resection of the mass and a cardiopulmonary bypass were performed. The intraoperative transesophageal echocardiogram showed that the mass had been successfully removed. The patient recovered well and was discharged from hospital 9 days after the surgery. The pathological diagnosis was primary cardiac arteriovenous malformation. No mass recurrence was shown by echocardiography during the 13 months' follow-up.
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INTRODUCTION

The primary cardiac arteriovenous malformation (AVM) is a rare benign vascular malformation in nature, which develops from vascular endothelial hyperplasia (1). In terms of the proportion of cardiac AVM is an extreme rarity in heart and its clinical information is limited. Herein, a case of primary cardiac AVM presenting as right ventricular mass was reported and the multimodality imaging, classification and the differential diagnosis of AVM were presented.



CASE PRESETATION

A 55-year-old female was referred to our hospital because a cardiac tumor in right ventricle was detected by transthoracic echocardiography during a medical checkup. The patient was asymptomatic, with a history of diabetes for 5 years and hypertension for 1 year. No cough, dyspnea, dizziness and fever were presented when she was admitted. The blood pressure was 112/56 mmHg with Irbesartan intake and the heart rate was 84 beats per min. No cardiac murmur was heard and no edema was detected in the lower limb. There were no family history of cardiovascular disease following medical history and physical examination. Laboratory tests were negative.

Electrocardiography was normal. Transesophageal echocardiography showed the cardiac mass (15 x 14 mm) located in right ventricle, attached to the interventricular septum (IVS) abutting the apex (Figure 1; Supplementary Video 1). A well-circumscribed homogenous “shadow,” representing a nodule measuring 16 × 13 mm, with equal T1- and T2-weighted signal intensity in the right ventricle, located adjacent to the IVS, was revealed using moderate enhancement for the first perfusion scan and delayed myocardial enhancement MRI subsequently (Figure 2). Coronary angiography (CA) showed stenosis (30%) in the right coronary artery and no obvious stenosis in the left coronary; a discernible tumor-feeding artery was not detected.


[image: Figure 1]
FIGURE 1. (A,B) Transesophageal echocardiography showed the cardiac mass (15 x 14 mm) located in right ventricle, attached to the interventricular septum abutting the apex. RV, right ventricle; IVS, interventricular septum; LV, left ventricle.



[image: Figure 2]
FIGURE 2. (A,B) Magnetic resonance imaging demonstrated that a well-circumscribed homogenous nodule, measuring 16 × 13 mm, with medium signal intensity on T1-weighted images and medium signal intensity on T2- weighted images in the right ventricle, located adjacent to the IVS, was revealed uniform moderate enhancement for the first perfusion scan and uniform significantly delayed enhancement subsequently. RV, right ventricle; IVS, interventricular septum; LV, left ventricle.


Initially, the clinical diagnosis was right ventricular myxoma or fibroelastoma. Median sternotomy for the surgical resection of the mass was performed to avoid the risk of pulmonary embolization and determine the tumor characteristics. A cardiopulmonary bypass was carried out using ascending aortic and superior and inferior vena cava cannulation. Upon cardiac arrest, the right atrium was opened, and it was confirmed that the semispherical mass, with soft texture and broad base, originated from the IVS (Figure 3A). Because no significant boundary was detected preoperatively, the mass along with a small portion of IVS was resected (Figure 3B). The resected specimen comprised a reddish mass enveloped with blood. Signs of ventricular septal defect were not found with TTE (Supplementary Figure 1). The histopathological examination revealed that the tumor was a cardiac AVM (Figures 4A,B). The patient's postoperative course was uneventful. She was shown to have recovered well and without recurrence at the 13-month follow-up.


[image: Figure 3]
FIGURE 3. (A) The mass located in the right ventricle and was attached to the interventricular septum (white arrow). (B) The mass were removed completely and the IVS was intact without perforation (black arrow). RA, right atrium; RV, right ventricle; IVS, interventricular septum; SCTV, septal cusp of tricuspid valve; PM, papillary muscles.
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FIGURE 4. (A) Histopathology revealed that there are a lot of branches of vessels, thick-walled arteries (red arrow) and thin-walled veins (blue arrow), which was identified as cardiac arteriovenous malformation. (B) Histopathology showed the anomalous arteries with thick wall are composed of smooth muscle (blue arrow).




DISSCUSION AND CONCLUSION

The AVM was considered as a benign vascular tumor, some of which was termed as plexiform hemangioma in the past (2). However, the classification was changed since the International Society for the Study of Vascular Anomalies (ISSVA) grouped the vascular anomalies into two major categories, vascular tumors (mainly hemangiomas) and vascular malformations; According to this classification, AVM is a vascular malformation subtype (3, 4). In our case, the right ventricular mass was identified as the AVM which is extreme rare in the limited literature.

The differential diagnosis of a mass attached to the right ventricle includes myxoma, lipoma, fibroelastoma, and hemangioma. Categorization of the symptoms depends on their location and the pathological classification of the mass. Some cases are characterized by pericardial effusion, right ventricular outlet obstruction, and even sudden cardiac death (5–7). The location of cardiac benign masses varies, typically involving the atrium, ventricle, aortic valve, mitral valve, or epicardium (8, 9). In the present case, the patient was asymptomatic, and the mass was attached to the IVS in the right ventricle, abutting the apex. Initially, fibroelastoma and cardiac myxoma were suspected.

Appropriate screening imaging modalities for cardiac mass include echocardiography, CT, and MRI, all of which can be used to eliminate the problem of a differential diagnosis (10, 11). In the current study, a diagnosis of benign tumor was made, based on the MRI and echocardiographic findings. Enhanced myocardial echocardiography and 18F-fluorodeoxyglucose-positron emission tomography can also be utilized to provide detailed information to resolve a differential diagnosis (12, 13). In addition, CA can be used to determine whether a coronary artery is feeding the tumor; however, it should only be considered if performing CA is consistent with the patient's age and symptoms (14). Although echocardiography, CT or MRI can be helpful in the diagnosis and differential diagnosis, the histopathology is still needed for the final diagnosis. In the current case study, a right ventricular mass was identified using TE and intraoperative TEE, which showed its location, diameter, and morphology; it also showed that the IVS was intact following the resection. TEE and MRI clearly showed the mass' margin and feeding artery to the mass, which informed the surgeons of the confidence to completely remove it. In the event that the patient presents with symptoms caused by the mass or in cases when the prognosis is uncertain in relation to the tumor, surgical resection should be performed to reduce the risk of embolism (15). Conservative management is an option when the biopsy returns a pathological classification of vascular malformation, except in the case of concomitant aortic valve insufficiency (9).

The ISSVA classification standards have been published; however, there is a lack of consensus regarding the understanding of whether vascular anomalies are tumors or malformations (16). Initially, they were classified according to factors such as vascular distortion and structure. Recently, an analysis of WT-1 and GLUT-1 expression is used to distinguish between vascular malformation and vascular tumors (17, 18). Elsewhere, a MSOT-based, non-invasive assessment of hemoglobin levels was used to differentiate between vascular malformation subtypes (19). In addition, advances in molecular genetics are ensuring greater insight into the genetic basis for vascular anomalies and providing potential molecular targets for pharmacotherapy. Thus, in future, vascular malformations may be treated using novel pharmacotherapeutic approaches rather than surgery (3).

Right ventricular AVM is extremely rare which might be resulted in sudden death. Currently, echocardiography is the primary and most common method for detecting ventricular AVM as it effectively indicates its location, diameter, and morphology. Likewise, multiple imaging plays a key role in solving the problem of a differential diagnosis, while providing invaluable information to assist with complete resection of the mass. Although echocardiography, CT or MRI can be helpful in the diagnosis, it is still challenging. After all, the histopathology is still the “gold standard” in the final diagnosis.
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Case Report: An Unusual Cause for Recurrent Hemopericardium in a Patient With Dyspnea

Uyên Châu Nguyên1*, Astrid I. P. Vernemmen2, Patrique Segers3, Axel zur Hausen2, Rob G. H. Driessen1,4, Maurice J. H. M. Pluijmen1 and Sebastiaan C. A. M. Bekkers1


1Department of Cardiology, Maastricht University Medical Center, Maastricht, Netherlands

2Department of Pathology, Maastricht University Medical Center, Maastricht, Netherlands

3Department of Cardiothoracic Surgery, Maastricht University Medical Center, Maastricht, Netherlands

4Department of Intensive Care Medicine, Maastricht University Medical Center, Maastricht, Netherlands

Edited by:
Cezar Angi Iliescu, University of Texas MD Anderson Cancer Center, United States

Reviewed by:
Maria Sol Andres, Royal Brompton Hospital, United Kingdom
 Bernhard Maisch, University of Marburg, Germany

*Correspondence: Uyên Châu Nguyên, u.nguyen@maastrichtuniversity.nl

Specialty section: This article was submitted to Cardio-Oncology, a section of the journal Frontiers in Cardiovascular Medicine

Received: 07 August 2021
 Accepted: 15 October 2021
 Published: 15 November 2021

Citation: Nguyên UC, Vernemmen AIP, Segers P, zur Hausen A, Driessen RGH, Pluijmen MJHM and Bekkers SCAM (2021) Case Report: An Unusual Cause for Recurrent Hemopericardium in a Patient With Dyspnea. Front. Cardiovasc. Med. 8:755106. doi: 10.3389/fcvm.2021.755106



The case concerns a female presenting with dyspnoea resulting from recurrent hemopericardium. Pericardiocentesis, coronary angiography, and extensive laboratory and imaging studies did not reveal the underlying etiology of the hemopericardium. Only after repeat and exploratory surgery, diffuse venous pericardial hemorrhages with localized thrombi typical of angiosarcoma were discovered.

Keywords: hemopericardium, cardiac angiosarcoma, right heart sarcoma, dyspnea, pericardial effusion


INTRODUCTION

Dyspnea is a common symptom in pericardial effusive disease. The etiology of pericardial effusion varies widely but often remains unknown. Primary cardiac tumors are extremely rare (1, 2) and often go undetected until a late stage of the disease.

The present case highlights the importance of considering angiosarcoma of the heart as a potential diagnosis in patients presenting with recurrent pericardial effusion, even in the absence of malignant cells in the pericardial fluid and absence of macroscopic lesions on non-invasive imaging.



CASE DESCRIPTION AND DIAGNOSTIC ASSESSMENT


Part 1

A 52-year-old woman presented at the emergency room (ER) in a regional hospital with progressive dyspnea, a dry cough and fatigue during several weeks despite taking oral antibiotics because of a suspected pneumonia. Three days prior to presentation she had experienced a severe dull thoracic and epigastric pain accompanied by nausea and vomiting that had resolved spontaneously. Besides taking ferrofumarate and cholecalciferol for iron-deficiency anemia and vitamin D deficiency, she had no previous medical history.

On presentation, physical examination revealed a regular tachycardia of 116 beats per minute (bpm), a blood pressure of 120/75 mmHg, an oxygen saturation of 100% while breathing ambient air, and a core temperature of 38.0°C (100.4°F). Cardiac, pulmonary, and abdominal examinations were unremarkable. There were no signs of deep venous thrombosis and the Wells-score was 4.5 (3). The electrocardiogram (ECG) showed sinus tachycardia, normal electrical heart axis and normal PR- and QRS-intervals, but inverted T-waves in both antero- and inferolateral leads (Figure 1). A low hemoglobin level (5 mmol/L), elevated c-reactive protein (102 mg/ml), troponin-I (1036 ng/L, cut-off is <20) and NT-pro-BNP (366 ng/L, normally <100) levels were the most prominent abnormal laboratory results.


[image: Figure 1]
FIGURE 1. Non-invasive diagnostic workup including ECG, echocardiography, DE-CMR, and CT.


Computed tomography angiography of the thorax (CTA) ruled out pulmonary embolism, but demonstrated pericardial and pleural effusion. Subsequent transthoracic echocardiography (TTE) confirmed circumferential pericardial effusion of ~4.5 cm with signs of haemodynamic compromise (dilated and poor collapsing inferior caval vein, early systolic right atrial (RA) collapse and >25% respiratory variation in peak mitral E-wave). Urgent evacuation of ~1 L of hemorrhagic fluid after pericardiocentesis immediately ameliorated symptoms. Investigation of this pericardial fluid did not reveal a tuberculous, bacterial, viral, or malignant etiology. A respiratory viral panel by polymerase chain reaction (influenzas A and B and respiratory syncytial virus) and a serum HIV antibody test were negative. After recurrent pericardial effusion was ruled out 1 week later, she was discharged home. While unconfirmed, a discharge diagnosis of post-infectious/post-viral pneumonia related pericardial and pleural effusion was made.

Already 5 days later, she presented again with progressive dyspnea, coughing, and nausea. A further decrease in hemoglobin (4.7 mmol/L) was noted and TTE showed recurrent circumferential pericardial effusion (~3 cm) but now a dense structure suggesting thrombus in the pericardial sac (Figure 1). Coronary angiography (CAG) was performed after which coronary artery disease including dissection could be ruled out.



Part 2

She was transferred to a tertiary university center and received a blood transfusion. Additional viral serology (adenovirus, coxsackievirus, echovirus, borrelia burgdorferi, cytomegalovirus, Epstein-Barr virus, and parvovirus), immunological testing (systemic lupus erythematosus, rheumatoid arthritis, vasculitis, complement screening, and M-protein), a tuberculosis test and blood culture analyses were normal. To re-assess the possibility of a malignant cause, a repeat CTA of the thorax and abdomen was performed. While macroscopic malignancies could be ruled out, the scan showed contrast extravasation into the pericardial space, suggesting active bleeding. After a multidisciplinary consultation between cardiologists and cardiothoracic surgeons, and given the observation that the patient remained hemodynamically stable, it was decided that urgent surgery was not yet indicated and that there was still sufficient time for additional diagnostic workup. On cine cardiac magnetic resonance imaging (CMR), left (LV) and right ventricular (RV) systolic function were preserved and pleural and pericardial effusion confirmed. During contraction, the LV apex remained remarkably “fixed” to the pericardium (Supplementary Video 1). On the delayed enhancement (DE) images, the high intra-pericardial signal again suggested contrast-extravasation into the pericardial sac, whereas an extensive, hypo-enhanced circumferential layer against the inner parietal pericardium suggested thrombus (Figure 1). No intramyocardial abnormalities were observed.

It was concluded that ongoing, albeit slow, intra-pericardial bleeding was present. Since other diagnostic clues were missing at this time, an initial post-viral and subsequent recurrent traumatic or reactive pericardial effusion after pericardiocentesis were still considered causative and urgent surgery was yet indicated.



Part 3

Since focal bleeding from a traumatic ventricular lesion after initial pericardiocentesis could not be excluded, it was decided to first perform a limited thoracotomy via a left-sided submammary incision. After evacuating 2.5 L hemorrhagic pericardial fluid with thrombi, careful inspection did not reveal a focal bleeding site. Because of persistent bleeding, the incision was extended further but again no focal bleeding source was discernable. Instead, multiple active venous hemorrhages on the entire epicardium were visible and hemostasis was attempted by placing multiple fibrin sealant patches Tachosil (Baxter healthcare cooperation, Illinois, USA). In addition, multiple biopsies of the pericardium and pericardial fluid and thrombi were sent for pathological examination.

The patient was subsequently transferred to the intensive care unit (ICU), but went into cardiogenic shock the following day. TTE showed recurrent pericardial effusion with a thrombus compressing the RA. A conventional emergency sternotomy was carried out. After thrombus removal, again diffuse hemorrhages were observed and a single bleeding focus in the RA was sutured.

Unfortunately, within 3 days she had to be operated two more times to relief recurrent cardiac tamponade and a left-sided hemothorax. Repeatedly, extensive diffuse venous epicardial hemorrhages were found that were difficult to manage, causing her to remain hemodynamically unstable in the ICU. After 9 days, pathology of the pericardium revealed an epithelioid angiosarcoma. Given the disease extent and unfavorable prognosis, it was decided to refrain from additional aggressive therapy. She died the same day, 28 days after the initial presentation. A timeline is showcased in Figure 2.


[image: Figure 2]
FIGURE 2. Figure showcasing the timeline of events.




Part 4

After obtaining consent from relatives, gross autopsy revealed a diffusely thickened residual pericardium with an irregular surface with multiple thrombi and hemorrhages. The pericardium was extensively adhered to ribs, myocardium, ascending aorta, and aortic arch. A nodular epicardial surface was found with diffuse hemorrhages and thrombi. The heart was only minimally enlarged (419 [normal 233–403] g). Microscopy showed an atypical vascular proliferation with focal papillary structures consisting of large epithelioid cells with high amounts of eosinophilic cytoplasm. The nuclei of these epithelioid cells were pleomorphic and hyperchromatic with numerous, sometimes atypical, mitoses. Because these epithelioid cells stained positive for the immunohistochemical vascular markers ERG, CD31 and CD34 but not for CD68, HHV-8 and keratin markers CK AE1/AE3, CK 5/6, and CK7, a diagnosis of epithelioid angiosarcoma was made. The angiosarcoma was predominantly localized in the pericardium and epicardium without deeply infiltrating the myocardium leading to epicarditis and pericarditis. A single longitudinal thickened lesion was found at the RA appendage that had been surgically sutured. Microscopic evaluation of this lesion revealed transmural invasion of the angiosarcoma (Figure 3).


[image: Figure 3]
FIGURE 3. Invasive diagnostic workup including surgery and histopathology, confirming the diagnosis angiosarcoma of the heart.


Additionally, lympho-vascular invasion with intracapillary tumor cells in the lungs (hemangiosis carcinomatosa) and focal invasion from the pericardium into the left lung was found, explaining the hemothorax.




DISCUSSION AND PATIENT PERSPECTIVE

Dyspnea, fatigue, thoracic pain, nausea, anorexia, and vomiting are common symptoms in pericardial effusive disease. The etiology of pericardial effusion often remains unknown but may be caused by malignancies that are mostly metastatic, complications of myocardial infarction, infections or iatrogenic. Differentiating between primary cardiac malignancies and other causes of pericardial effusion should be accomplished using non-invasive imaging, CAG, cytological and ideally histological investigation of pericardial effusion and tissue specimen, respectively (4).

Primary cardiac tumors are extremely rare with an autopsy incidence of <0.06% (1, 2) of which one quarter turns out to be malignant. Angiosarcoma is the most common primary cardiac malignancy (5) and has been first reported in 1934 by Barnes et al. (6). Cardiac angiosarcomas are aggressive tumors and are often fatal and metastases are found in the majority of patients (66–89%) at time of diagnosis (7).

Angiosarcomas are soft-tissue sarcomas of endothelial cell origin that may show features of vascular and/or lymphatic differentiation. The majority of angiosarcomas arise in the RA (8) in contrast to intimal or unclassified sarcomas, which typically arise from the left atrium or inter-atrial septum (9). Common sites of extension are the right coronary artery, myocardium of the LV and RV, superior and inferior caval vein, pericardium, and mediastinum.

Early diagnosis of cardiac angiosarcoma is difficult. Non-specific symptoms and disease rarity often prevent clinicians from inclusion in the initial differential diagnosis (2).

Previous cases have described angiosarcomas as irregulated lobulated masses extending into the pericardium and adjacent vessels and have demonstrated non-invasive imaging modalities to be useful (10).

CAG is generally recommended to rule out coronary artery disease and dissection (4). Pericardiocentesis is indicated in case of hemodynamic compromise (4), and to obtain material for cytological examination, although initially rarely yielding a conclusive diagnosis of angiosarcoma (11).

Histological investigation is often needed to finally diagnose angiosarcoma and tissue specimen can be obtained via thoracotomy or imaging-guided biopsy, although biopsies are often non-diagnostic while carrying considerable procedural risk. In the current European guidelines, a diagnostic epicardial/pericardial biopsy is a class IIA/B indication and only recommended after more than 3 weeks of illness (4).

Because cardiac angiosarcomas are rare, no evidence-based guidelines exist for its treatment. Complete surgical resection is indicated in case of a solitary lesion and if resection preserves cardiac integrity (12). Unfortunately, this is often not possible (12) because of its diffuse infiltrative nature. There is insufficient evidence that chemotherapy, radiotherapy or cardiac transplantation may improve survival (13, 14). As a result, prognosis of cardiac angiosarcomas remains poor with survival ranging from 6 to 9 months after diagnosis (13).

Cardiac angiosarcoma turned out to be a devil in disguise in our case and we were misled by the non-diagnostic results of the initial pericardiocentesis, CAG, and imaging results. Only after repeat and exploratory surgery, the diffuse venous pericardial hemorrhages with localized thrombi typical of angiosarcoma were discovered. At that time, the angiosarcoma was already disseminated with focal transmural invasion and only palliative options remained.

In retrospect, pathologically confirming angiosarcoma would have been possible several days earlier (day 12) if we had considered biopsy (either surgical or image-guided) immediately after transfer to our center. Whether this would have changed the outcome is doubtful, given that the tumor was already widely disseminated. Though, earlier diagnosis may have omitted repetitive surgery.

With the present case we would like to stress the importance of considering cardiac angiosarcoma as a potential diagnosis in recurrent pericardial effusion, even when malignant cells are absent in the pericardial fluid and macroscopic lesions on non-invasive imaging cannot (yet) be seen. An atypical clinical course of recurrent pericardial effusion may be typical for angiosarcoma of the heart.
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Capecitabine is an orally active prodrug of 5-fluorouracil with improved safety and efficacy that is extensively used as an antineoplastic agent. It is converted to 5-Fluorouracil in the liver and tumor tissues. In vitro assays did not reveal any significant potential for interaction between capecitabine and its metabolites with warfarin. However, several reports provided clinical evidence of such interaction resulting in an elevated international normalized ratio (INR) and bleeding. Here, we report another case of capecitabine and warfarin concurrent administration that resulted in sub- or supra- therapeutic INR without any bleeding episode or venous-thromboembolic event through the follow-up period. Moreover, a review of available management options is also presented in this paper.

Keywords: warfarin, capecitabine, drug interaction, international normalized ratio (INR), case report


INTRODUCTION

Fluoropyrimidines such as 5-fluorouracil (5-FU) and capecitabine mainstay for several solid malignancies. Capecitabine is approved for colorectal cancer and metastatic breast cancer as mono-therapy and adjuvant therapy (1). Capecitabine is an orally administered prodrug of 5-FU, with almost 100% oral bioavailability, which mimics 5-FU continuous infusion with improved safety and efficacy. Its advantages over 5-FU led to a reduction in the economic burden on both patient and health care systems and infectious complications due to intravenous access. The conversion of capecitabine to 5-FU is catalyzed via thymidine phosphorylase which is found in the liver and several tumors in high levels compared to other healthy tissue (2, 3). Capecitabine is dosed based on the body surface area at 1,250 mg/m2 taken twice daily for 14 days, followed by a 7-day rest period over a 21-days cycle (1). On the other hand, warfarin is an oral anticoagulant that antagonizes vitamin K and inhibits the synthesis of clotting factors II, VII, IX, and X in addition to the naturally occurring endogenous anticoagulant proteins C and S. It is indicated for the prevention and treatment of venous thrombosis, pulmonary embolism, atrial fibrillation, myocardial infarction, and prosthetic cardiac valve component embolism (4). Warfarin is a medication with narrow therapeutic index and associated with numerous drug-drug and drug-food interactions, through pharmacodynamic or pharmacokinetic mechanisms (4, 5). It consists of a pair of enantiomers that are extensively and differently metabolized by human cytochrome P450 (CYP 450) isoenzymes. CYP2C9 is the predominant S-warfarin enantiomer metabolizing enzyme, while CYP1A2 and CYP3A4 are the major hepatic enzymes contributing to R-warfarin enantiomer metabolism (5, 6). Although S-warfarin is 5–8 times more potent as a vitamin K antagonist than R-warfarin, however, the later has a longer half-life (37.4–88.6 h) compared to that of S-warfarin (21.2–42.6 h), and further prolongation of the half-life by decreased metabolism may have greater clinical significance (7). Besides that, R-warfarin is a noncompetitive inhibitor of S-warfarin's metabolism by CYP2C9, indicating that S-warfarin's pharmacokinetic properties may be altered by R-warfarin. There is a potential drug-drug interaction between capecitabine and warfarin, alike to that observed between 5-FU and warfarin, speculated to be most likely due to the same mechanism (2, 3, 5). In vitro assays of human liver microsome did not reveal any significant potential for interaction between capecitabine or its metabolites and substrates of the CYP 450 isoenzymes 1A2, 2A6, 2C9, 2C19, 2D6, 2E1, or 3A4. However, several post-marketing case reports provided clinical evidence of significant interaction between capecitabine and warfarin, leading to an elevation of international normalized ratio (INR), requiring a black box warning in the package insert. The mechanism of action for the interaction is not well-understood and could be related to down-regulation of CYP2C9 by capecitabine or its metabolites or a pharmacodynamic interaction with warfarin.



CASE REPORT

A 73-year-old female, new to our institution with a past medical history of traumatic intracranial hemorrhage due to fall, poor mobility, wheelchair-bound, old stroke, cardiomyopathy of undetermined etiology with an ejection fraction of 35–40%, and non-valvular atrial fibrillation (NVAF), which was stable on warfarin 2 mg orally daily for many years, her therapeutic range is 2–3. In January 2020, she was diagnosed with right colonic adenocarcinoma, and later on that month, she underwent a right hemicolectomy. Pathology showed cecal adenocarcinoma moderately differentiated at stage T4N2b. At that time, she was offered adjuvant therapy, but she refused. Few months later, her follow up scans showed liver deposits highly suspicious of metastasis from colonic origin. For colorectal cancer capecitabine is dosed at 1,250 mg/m2. However, due to her Eastern Cooperative Oncology Group (ECOG) performance status of three points and taking in account the drug-drug interaction with warfarin, she was started on capecitabine 1000 mg/m2, twice daily for 2 weeks, followed by 1 week off. Before her first visit to the Adult Medical Oncology clinic at King Abdulaziz Medical City (KAMC), Riyadh, Saudi Arabia, she already finished three cycles of capecitabine. No other concurrent medications were administered. Her laboratory test showed an elevated INR of 6.98 without any bleeding or bruises. To evaluate the degree of the interaction between capecitabine and warfarin and manage warfarin doses, she was referred to the clinical pharmacist-managed anticoagulation clinic (ATC). Before the referral, the average of all her laboratory results were within normal ranges, including kidney and liver functions. Except for red blood cells and hemoglobin which were 2.5 × 10∧12/L and 93 g/L, respectively. The patient interview revealed that before the initiation of capecitabine at a certain point in time, she was shifted from warfarin to rivaroxaban but did not tolerate its gastrointestinal side effects and shifted back to warfarin. Since the patient is on long-term warfarin treatment, the caregivers (patient's daughters) were trained to make “self-manage” adjustment of warfarin doses after performing her coagulation profile testing in a private laboratory. After the capecitabine initiation, the family noticed the patient's INR elevations, reaching up to 5.0 but without any history of minor or major bleeding episodes. They started to monitor the INR every 2 weeks and withholding warfarin on the second day of each cycle and resume it again 1–3 days after the last dose of capecitabine, depending on the INR result. This management resulted in either sub- or supratherapeutic INR. A discussion of the case between the clinical pharmacist and her oncologist, the most responsible physician, resulted in a plan to shift the patient to apixaban after being reviewed by a cardiologist. However, she refused to change warfarin due to her previous gastrointestinal side effects with rivaroxaban. Coagulation profile monitoring was carried out on a weekly basis. The management of warfarin doses on capecitabine period and free period is presented in Table 1. The last recorded INR while writing this paper was 2.45, without any major or minor bleeding episodes or venous-thromboembolic events.


Table 1. Warfarin doses with INR trend during capecitabine cycles.
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DISCUSSION

With the increased concomitant use of capecitabine and warfarin, this is another case that confirms the clinical interaction between these two medications. Bleeding events secondary to the interaction have occurred several days to several months after the initiation of capecitabine; these events can occur up to months after the last dose of capecitabine (7, 8). The exact mechanism of this interaction is yet, unknown but may be related to hepatic metabolism. Capecitabine is a prodrug that is converted in a 3-step pathway via thymidine phosphorylase in the liver and the tumor site, releasing its only active metabolite 5-fluorouracil (2, 3). Of importance, gastrointestinal toxicity is an essential common adverse effect of 5-FU that includes nausea, vomiting, and diarrhea. This toxic adverse effect causes cell death of the gastrointestinal epithelium, which could alter warfarin's absorption (7).

Six cases reported concerning the adverse interaction between capecitabine and warfarin are summarized in Table 2. The first two cases in the literature reporting severe coagulopathy with bleeding due to drug-drug interaction between capecitabine and warfarin were of two female patients. The first was a 91-year-old woman diagnosed with adenocarcinoma of the rectum with lung and liver metastases. After 4 cycles of capecitabine, she developed left femoral vein thrombosis, for which she was anticoagulated with warfarin dosed at 2.5 mg/day. After 6 weeks of concurrent administration, the patient was admitted due to vagino-rectal bleeding with an INR of > 10. The second was of a 72-years-old female who had recurrent metastatic breast cancer to the bone. She was controlled on chronic warfarin 2.5 mg/day to treat her pulmonary embolism for 3 years before capecitabine's initiation. After the completion of two cycles, she presented with a 3-day history of loose black stools and INR of > 10 (9). Another two reported cases were of two men with metastatic colon cancer; both were on long-term warfarin with therapeutic INR for a long time before they began capecitabine. Both patients were admitted due to gastrointestinal bleeding in a shocked state, with an INR of > 10. One of these patients was an 81-year-old who was admitted on the fifth day of the first cycle. The second was a 79-year-old who was admitted on the fourth day of the second cycle (10). The fifth case reported was a 67-year-old female who had been well-controlled on long-term warfarin (5 mg/day). After 4.5 weeks of capecitabine initiation for her metastatic breast cancer, she developed hemorrhagic blisters, purpura and ecchymoses, and an INR of 8.56 (11). All of the previously mentioned cases were managed as inpatient settings withholding both medications, administration of vitamin K, and blood products transfusion ± omeprazole infusion. The last case was a 59-year-old female with metastatic breast cancer to bone and lung receiving a chronic mini-dose of warfarin dosed as 1 mg/day as prophylaxis against catheter-associated thrombosis. Before capecitabine initiation, her weekly INR monitoring reports were always below 2. Three weeks after the capecitabine initiation, her INR markedly rose to 8.87 without any signs and symptoms of bleeding. After her coagulation profile was normalized, she was switched to subcutaneous low-molecular-weight heparin (LMWH), and her chemotherapy was restarted without any further consequences (5).


Table 2. Summary of reported cases of adverse events between capecitabine and warfarin.
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Only two studies addressed the effects of capecitabine and warfarin interaction, as summarized in Table 3. In an observational study, medical records of 69 patients who used capecitabine and warfarin concurrently within 7 days or less of the later use were reviewed. Most patients were diagnosed with breast cancer (49%) or colon cancer (32%). Indications for warfarin use were deep vein thrombosis/pulmonary embolism (n = 38), venous access device prophylaxis (n = 17), and other indications (n = 14). Among the 17 patients who received low-dose warfarin for venous access device prophylaxis, only one bleeding event occurred, and one patient (5.9%) had at least one INR > 3.0. No bleeding events occurred among the 52 patients who received warfarin for indications other than venous access device prophylaxis, although 35 patients (67.3%) had at least one INR > 3.0 and 23 patients (44.2%) had at least one INR > 5.0. Compared with the use of warfarin alone, the study did not find big differences in the rates of bleeding events and elevated INR in patients receiving concomitant capecitabine and warfarin (12). Moreover, a retrospective study of 77 participants analyzed the alerted coagulation profile while on capecitabine with or without warfarin. Tumors were pancreatic or gallbladder (63.6%), colon (23.4%), hepatocellular (5.4%), breast (3.5%), carcinoid and gastric (1.2% each). Liver metastases were present in 32 patients. Only 21 patients were on anticoagulation therapy with warfarin, with an average weekly dose of 18.8 mg, for central-vein thrombosis prophylaxis (48%), deep vein thrombosis (33%), and atrial fibrillation/flutter (19%). Twelve patients were already on warfarin before capecitabine initiation, and nine started warfarin while previously on capecitabine therapy. Eleven patients had an INR > 3 (range, 3.23–11.5); consequently, the incidence of an INR > 3 at 130 days of treatment with capecitabine was 32% with warfarin vs. 4% without warfarin (P = 5.1 × 10−14). After the discontinuation of capecitabine, INR results returned to their normal ranges. Seven patients developed gastrointestinal bleeding that required hospitalization for aggressive management; four of them were on concurrent administration of capecitabine and warfarin. The incidence of bleeding at 130 days of treatment with capecitabine was 18% with warfarin vs. 2% without (P = 4 × 10−13). Overall, six patients needed warfarin dose reduction by 1–2.5 mg (13).


Table 3. Summary of studies reporting the adverse events between capecitabine and warfarin.
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Management

Cancer patients are at higher risk of developing venous thromboembolism (VTE) than non-cancer patients, with an incident of 6.5-fold higher. Thromboembolic event(s) can occur at any time either preceding the diagnosis of cancer, more often, at the time of diagnosis or during treatment resulting in the second leading cause of death among cancer patients. Such population requires comprehensive management, which includes identifying patients that require effectual treatment or pharmacologic prophylaxis to reduce the risk of recurrence (14, 15).

Erratic INR control is seen in patients with cancer making vitamin K antagonists not an option to anticoagulate such population, particularly while receiving chemotherapy. Maintaining therapeutic INR could be challenged by nutritional factors and drug-drug interactions with other concomitant medications, including chemotherapy agents (16). Such management of both agents' concurrent administration is challenging; warfarin dose reduction or switching to an alternative as low-molecular-weight heparin (LMWH) or direct-acting oral anticoagulants (DOACs) are the currently available options. Available anticoagulation options for cancer patients other than warfarin are presented in Table 4.


Table 4. Available anticoagulation options for cancer patients (15, 17).
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Frequent INR Monitoring and Warfarin Dose Reduction

Generally speaking, more frequent testing is optimal to keep patients within target therapeutic INR, especially during the initial warfarin therapy, if a patient's INR becomes supratherapeutic or subtherapeutic, or if an interacting medication is introduced (18), A case report of a chronically anticoagulated patient with warfarin for a mechanical mitral valve replacement was diagnosed with stage IV metastatic colon cancer. Before initiating capecitabine, therapeutic INR was maintained with an average dose of 10.35 mg/day. While on chemotherapy, the patient was anticoagulated with warfarin; with each cycle, warfarin's dose was adjusted according to the INR result. After completing 3-consecutive cycles of concomitant administration of capecitabine and warfarin, a total reduction of > 85% of the warfarin dose was achieved to maintain therapeutic INR (19). On the other hand, a retrospective study showed that only six out of 21 patients who used capecitabine and warfarin concurrently required warfarin dose reduction by 1–2.5 mg. It is worth mentioning that four of the patients who developed bleeding had an INR of 1.0–1.1 within 4 weeks prior to initiating capecitabine. Only 1 of them developed an elevated INR of 5.9 within 4 weeks after the initiation of capecitabine (13). When managing patients receiving concomitant capecitabine and warfarin, it is crucial to keep in mind the presence of high unpredictable inter-individual variables and the importance of closely monitoring the patients for signs and symptoms of bleeding. Once or twice per week, if applicable, INR monitoring is highly recommended to adjust warfarin's doses accordingly. In our approach, we were targeting to monitor INR twice-weekly; however, we were limited by the patient's age and the complete blood count status that did not allow more frequent INR monitoring (i.e., twice weekly). However, the patient and the caregivers were satisfied with both the monitoring and the INR results.




LOW-MOLECULAR-WEIGHT HEPARIN

Five clinical trials comparing LMWHs vs. warfarin revealed that they are effective in VTE reduction in cancer patients. Additionally, a meta-analysis of 15 randomized controlled trials confirmed their efficacy. A Cochrane review in 2016 showed a reduction in the risk of symptomatic VTE by roughly half (RR, 0.54; 95%CI, 0.38–0.75) when comparing LMWH prophylaxis with no thromboprophylaxis (20). The absence of drug-drug interaction with capecitabine makes them a considerable option in cancer patients. Also, LMWHs seem to have a more favorable profile in such population. However, several factors may limit their use, including quality of life reduction associated with long-term daily administration of subcutaneous injections, weight-based dosing, the need for dose adjustments in renal impairment, and they are not an option in patients who developed heparin-induced thrombocytopenia (HIT) (14). A study was conducted in patients with active cancer receiving chemotherapy with NVAF to evaluate the safety and efficacy of DOAC vs. LMWH and their associated relevant bleeding-free survival. A total of 302 patients with NVAF and active cancer were included. Among all, 192 (63.5%) were treated with dabigatran, rivaroxaban, apixaban, and edoxaban in 20, 24, 80, and 68 patients, respectively. On the other hand, 110 were treated with LMWH. Systemic embolism and stroke rates were higher in the LMWH group, as reported in seven patients compared to three patients in the DOACs; there were significant differences in relation to major bleeding events (21).



DIRECT-ACTING ORAL ANTICOAGULANTS

With the current expansion of treatment and prophylaxis options of VTE, of note, direct-acting oral anticoagulants (DOACs) can be used in cancer patients. Clinical trials of comparing DOACs to warfarin showed that they are non-inferior. The clinical decision of the selected DOACs must be individualized to fit the patients' clinical profile after an in-depth discussion about risks vs. benefits, including patients' risk of bleeding, the presence of any drug-drug interaction with other medications via CYP 3A4 metabolic pathway and P-glycoprotein transport, as well as the patients renal and hepatic functions (14, 15). Although, Clinical data suggest that capecitabine or its metabolites in human may interact mainly with CYP2C9, and to a lesser extent on CYP3A4 or CYP1A2 (22). Up to our knowledge, there is not documented drug-drug interaction nor reported cases between capecitabine or its metabolites and DOACs. Another critical factor to consider, patients receiving chemotherapy frequently suffer from gastrointestinal symptoms, primarily vomiting, diarrhea, and mucositis. Consequently, such patients are at a greater risk of gastrointestinal bleeding and at a higher risk of an altered absorption due to diarrhea episodes that could alter their bioavailability (14). DOACs have been tested extensively in the general population; however, the available data on their safety and efficacy in patients with active cancer and AF remains low. Moreover, the number of cancer patients in the pivotal clinical trials was small; they were mainly excluded from the trial, not to cancer itself, but due to their short life expectancy. Furthermore, cancer-specific information, including the type of cancer, stage, and the concomitant use of chemotherapy, was not collected (16).



CONCLUSION

There is clinical evidence of drug-drug interaction resulting in potentiation of coumarin derivatives' effect when co-administered with fluoropyrimidine-based chemotherapy, as reported in several case reports in the literature. Such interaction could occur at any time after the concurrent administration in cancer patients with or without liver metastases. It is reasonable to speculate that such interaction may be due to a similar mechanism as with fluorouracil. This interaction could result from the inhibition of CYP450 2C9 by capecitabine or its metabolites. Awareness of this potentially serious interaction between capecitabine and warfarin will further improve anticoagulation control in cancer patients. Close monitoring of coagulation parameters throughout treatment and to be continued for at least 1 month after the last dose of capecitabine is required in patients receiving both agents concomitantly. Available management options include warfarin dose adjustments, low-molecular-weight heparin, or direct-acting oral anticoagulants.
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Case Report: Cardiac Tamponade in Association With Cytokine Release Syndrome Following CAR-T Cell Therapy
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Chimeric antigen receptor T (CAR-T) cell therapy has been shown to have substantial efficacy against refractory hematopoietic malignancies. However, it frequently causes cytokine release syndrome (CRS) as a treatment-specific adverse event. Although cardiovascular events associated with CAR-T cell therapy have been increasingly reported recently, pericardial disease is a rare complication and its clinical course is not well characterized. Here, we report a case of acute pericardial effusion with cardiac tamponade after CAR-T cell therapy.

Case Summary: A 59-year-old man with refractory diffuse large B-cell lymphoma underwent CAR-T cell therapy. Grade 2 CRS was observed on day 0; it progressed to grade 4 on day 7 and was accompanied by a fever over 39°C, hypoxia requiring intubation, hypotension requiring the use of a vasopressor agent, and supraventricular tachycardia. Although cardiac function was preserved, marked pericardial effusion with the collapse of the right heart was detected on echocardiography. Since pericardiocentesis was considered to have a high complication risk due to severe myelosuppression, medications for CRS were prioritized. Tocilizumab, an interleukin-6 inhibitor, and high-dose methylprednisolone (1 g/day for 3 days) were administered for the management of severe CRS. On day 8, the pericardial effusion decreased, and the hemodynamic status markedly stabilized. CRS did not exacerbate after the steroid dose was reduced. Further, lymphoma size reduced after the induction of CAR-T cell therapy, and tumor regrowth was not noted at 3 months after CAR-T cell infusion.

Conclusion: Interleukin-6 pathway inhibitors and corticosteroid therapy should be considered in the context of CRS for significant pericardial effusion after CAR-T cell therapy in the acute phase.

Keywords: cardiac tamponade, pericardial effusion, CAR-T, CRS, pericarditis


INTRODUCTION

Chimeric antigen receptor T (CAR-T) cell therapy is a novel immunotherapy for cancer treatment. Clinical trials of CAR-T cell therapy for refractory large B-cell lymphoma have shown a high response rate and long-term response (1, 2). However, CAR-T cells induce cytokine release syndrome (CRS), which is caused by a rapid increase in inflammatory cytokines released from activated immune cells and could be fatal (3). Cardiovascular complications such as heart failure, arrhythmia, and pericardial disease due to CAR-T cell therapy have been reported and shown to be strongly related to CRS. However, the clinical features and management of CRS have not yet been well defined (4, 5). Herein, we describe a case of acute pericardial effusion with cardiac tamponade associated with CRS after CAR-T cell therapy.



CASE DESCRIPTION

A 59-year-old man was diagnosed with diffuse large B-cell lymphoma (DLBCL), not otherwise specified. DLBCL relapsed after first-line chemotherapy with rituximab, cyclophosphamide, doxorubicin, vincristine, and prednisolone. Despite the multiple salvage chemotherapies and local radiation therapy, it aggravated and systemic multiple lymphoma lesions developed. Part of the lesions in the mediastinum was adjacent to the right side of the pericardium (Figure 1). The patient was referred to our hospital for anti-CD19 CAR-T cell therapy with axicabtagene ciloleucel as part of a phase 2 clinical trial (JapicCTI-183914; https://rctportal.niph.go.jp/en/detail?trial_id=JapicCTI-183914) (6). He had a history of a duodenal ulcer but not cardiovascular disease. The cumulative anthracycline dose administered was 440 mg/m2. The radiation therapy was performed for supraclavicular lesion with a dose of 46Gy 8 months ago and sacral lesion with a dose of 30Gy 3 months ago, and both site did not include the heart. An electrocardiogram obtained before the administration of CAR-T therapy showed normal sinus rhythm (Figure 2A), and echocardiography showed normal left ventricular systolic and diastolic functions with no pericardial or pleural effusion (Figure 2B, Supplementary Movie 1).


[image: Figure 1]
FIGURE 1. Positron emission tomography-computed tomography performed before chimeric antigen receptor T (CAR-T) cell therapy showing multiple lymphoma lesions including the site adjacent to the right pericardium.



[image: Figure 2]
FIGURE 2. Electrocardiogram showing normal sinus rhythm (A). Echocardiography showing normal cardiac function and no pericardial effusion (B).


Following conditioning chemotherapy with cyclophosphamide and fludarabine, CAR-T cells (2.0 × 106 cells/kg) were administered. Empiric administration of antibiotics was initiated on day 0. The patient developed fever (≥38°C) on the day of CAR-T cell infusion (day 0) and hypoxia requiring oxygen on day 1. He was diagnosed with grade 2 CRS (7), and tocilizumab (8 mg/kg) was administered for the same on day 2 (Figure 3A). Fever due to bacterial infection was ruled out based on negative blood culture results. He developed supraventricular tachycardia on day 5, and landiolol was administered. Computed tomography on day 5 showed marked pleural effusion and slight pericardial effusion (Supplementary Figure 1). Because grade 2 CRS persisted, tocilizumab (8 mg/kg) was readministered on day 6. However, exacerbation of hypoxia and severe hypotension with tachycardia was observed on day 7 (CRS grade 3), and the patient was transferred to the intensive care unit.


[image: Figure 3]
FIGURE 3. Clinical course of the patient from the day of the infusion of chimeric antigen receptor T (CAR-T) cells (day 0) until day 6 (A), and on day 7 (B). BP, blood pressure; BT, body temperature; CRP, C-reactive protein; CRS, cytokine release syndrome; ICU, intensive care unit; SVT, supraventricular tachycardia.


The time course of the vital signs and medications on day 7 is shown in Figure 3B. His blood pressure was 67/40 mmHg with noradrenalin (0.2 μg/kg/min), heart rate was 115 beats per minute, body temperature was 38.9°C, and percutaneous oxygen saturation was 86% with oxygen (10 L/min) administered through a face mask with a reservoir bag. The patient was intubated soon after admission to the intensive care unit because of his deteriorating respiratory condition (CRS grade 4). Jugular venous distension and pretibial pitting edema were observed. Furthermore, heart sounds were distant. Pericardial friction rubs were not evident. Serum C-reactive protein (CRP) was elevated to 9.9 mg/dL (Figure 3A, Supplementary Figure 2). Serum troponin T (0.038 ng/mL; normal range: ≤ 0.014 ng/mL) and brain natriuretic peptide (323.3 pg/mL; normal range: ≤ 18.4 pg/mL) levels were also elevated. An electrocardiogram revealed supraventricular tachycardia (Figure 4A). Echocardiography revealed preserved bilateral ventricular systolic functions but marked pericardial effusion (maximum echo-free space: 15 mm at end-diastole). The right heart chamber collapsed in the early diastolic phase, and the inferior vena cava was distended with a reduced respiratory diameter change (Figure 4B, Supplementary Movies 2, 3). Based on these findings, the patient was diagnosed with severe CRS and cardiac tamponade.


[image: Figure 4]
FIGURE 4. An electrocardiogram obtained on day 7 showing narrow QRS tachycardia with the absence of the P wave (A), and echocardiography showing rapidly accumulated pericardial effusion with the collapse of the right heart chamber [(B), arrowhead]. Pericardial effusion decreased and the collapse of the right heart chamber resolved on day 8 [(C), arrowhead].


Although pericardiocentesis would have been effective for hemodynamic stabilization, immediate pericardiocentesis was deferred, because of the high complication risk associated with the procedure owing to severe myelosuppression (white blood cell count, 590/μL; platelet count 31,000/μL). The negative blood culture results and the rapid increase in pericardial effusion despite the administration of antibiotics suggested that the cause of pericardial effusion was not a bacterial infection. Therefore, immunosuppressive medications were prioritized for CRS management. Since blood pressure remained low (<80/ <50 mmHg) after the administration of tocilizumab followed by dexamethasone (10 mg/body), intravenous high-dose methylprednisolone (1 g/body) was administered. The patient's blood pressure increased 2 h after the administration of methylprednisolone. Amiodarone and landiolol were initiated for the treatment of recurrent supraventricular tachycardia. On the next day (day 8), pericardial effusion decreased, and echocardiography showed attenuation of the degree of right heart chamber collapse and recovery of respiratory diameter change of inferior vena cava (Figure 4C, Supplementary Movies 4, 5). The patient's blood pressure and heart rate improved further and stabilized. Serum CRP consistently decreased after the administration of high-dose methylprednisolone, and the steroids dose was gradually reduced until discontinuation on day 29 (Supplementary Figure 2). Echocardiography after the discontinuation of steroid therapy showed no pericardial effusion and normal biventricular systolic function. Supraventricular tachycardia was occasionally observed up to 1 month after CAR-T cell infusion. Computed tomography on day 91 showed a partial response of the primary disease to CAR-T cell therapy. The patient was eventually discharged on day 112. There was no cardiovascular adverse event after discharge. At 6 months after the CAR-T cell therapy, the lymphoma aggravated rapidly and the treatment for this patient was transferred to best supportive care.



DISCUSSION

Anti-CD19 CAR-T cell therapy has been approved for the management of adult non-Hodgkin lymphoma and leukemia in young adults or children globally and is expected to be expanded to other malignancies in the future. Refractory DLBCL was reported to have an abysmal prognosis, with a median overall survival of 6.3 months and a response rate of 26% even after chemotherapy and hematopoietic stem cell transplantation before the CAR-T cell therapy era (8). Anti-CD19 CAR-T cell therapy has markedly improved the prognosis of patients with refractory large B-cell lymphoma, with a response rate increase to 52–82% and longer overall survival (1, 2, 9). However, this novel therapy frequently causes CRS by over-activation of the immune system and subsequent elevation of cytokines such as interferon-gamma, tumor necrosis factor-alpha, and interleukin (IL)-6 (10). In recent years, there has been an increase in the number of reports on cardiovascular events after CAR-T cell therapy with or without overlapping CRS (4, 5). To our knowledge, this is the first report of a case of cardiac tamponade associated with CRS after CAR-T cell therapy.

Raza et al. reported that the rate of cardiotoxicity after CAR-T cell therapy in adult patients with lymphoma or multiple myeloma was 12% (11). In their study, when analyzing limited patients who developed grade 2-4 CRS, cardiovascular events were found to have occurred in 31% of the patients, whereas no cardiovascular events were observed in patients without or grade 1 CRS (11). Lefebvre et al. reported that major adverse cardiovascular events occurred in 17% of patients at 30 days, 19% at 6 months, and 21% at 12 months. The time from CAR-T cell infusion to the onset of cardiovascular events is similar to that of CRS which occurring in most cases within 30 days of CAR-T cell infusion (12). The relatively high incidence of cardiovascular events in cases with high-grade CRS and the simultaneous development of CRS and cardiovascular events suggest a causal relationship between CRS and cardiovascular toxicity in the early period following CAR-T cell infusion. In our case, fever was observed immediately after CAR-T cell infusion, followed by refractory hypotension and hypoxia in a week. This clinical course is consistent with the typical manifestation of high-grade CRS after CAR-T cell therapy in a previous report (13). Additionally, in this case, the development of CRS preceded pericardial effusion, and cardiac tamponade was observed with the exacerbation of CRS. CRP, a surrogate marker for IL-6 bioactivity with time lag by 1 to 2 days, peaked on the next day of the development of cardiac tamponade (7, 14). Taken together, the developmental course of pericardial effusion and its evident response to steroid therapy suggested a relationship between CRS and the development of cardiac tamponade.

Pericarditis or pericardial effusion after CAR-T cell therapy is rare, with a total incidence rate of 0.4%, and two-thirds of patients with pericardial disease have concurrent CRS (5). The underlying mechanism of pericardial disease after CAR-T cell therapy has not been well clarified. Cytokine-induced fluid retention and/or systemic high vascular permeability is a possible cause of rapid accumulation of pericardial fluid (15, 16). The clinical features of severe CRS resemble those of capillary leak syndrome (4, 5, 15, 16). Pericardial effusion is reported to occur in 11% of patients with idiopathic capillary leak syndrome and can be life-threatening (17, 18). Since the levels of inflammatory cytokines such as IL-6 and vascular endothelial growth factor significantly increased in the serum of patients with severe capillary leak syndrome, this cytokine-related capillary leak may induce the accumulation of pericardial fluid (19, 20). Hemodynamic deterioration in this case was accompanied by the dilatation of inferior vena cava, which is quite different from hypovolemic state in case of capillary leak syndrome (17). This clinical feature suggests the cause of pericardial effusion in this case includes a different mechanism other than capillary leakage. The difference in mediators between idiopathic capillary leak syndrome and CAR-T cell-induced CRS has not been fully elucidated. Accumulation of evidence from studies on the cytokine profiles and their signaling pathways in cases of CAR-T cell-induced CRS would help understand the mechanism of organ damage by CRS due to CAR-T cell therapy. An additional possible cause is locally accelerated pericardial inflammation. In this case, CAR-T cell immunoreaction to lymphoma lesion adjacent to the pericardium might have accelerated the accumulation of pericardial fluid. In addition, the highest engineered T-cell concentration was detected in the pericardium or the myocardium, and the levels of some cytokines in the pericardial fluid were higher than the corresponding levels in blood in a case of cardiogenic shock after T-cell receptor-engineered T-cell immunotherapy (21). Direct T-cell toxicity in the pericardium or the myocardium has not been demonstrated in anti-CD19 CAR-T cell therapy to date; however, it needs to be elucidated in the future (4).

IL-6 plays an important role in the pathogenesis of CRS, and tocilizumab, an IL-6 receptor antagonist, has been approved as first-line therapy for CRS (22, 23). For severe CRS with a poor response to tocilizumab, additional administration of corticosteroids is recommended (23). In previous reports, more than 50% of patients with CRS showed amelioration after tocilizumab administration, and no tocilizumab-related adverse reactions were detected (1, 2). Furthermore, corticosteroid therapy did not suppress the response to CAR-T cell therapy clinically; however, it decreased the number of CAR-T cells in the serum and bone marrow (1, 14, 24). Therefore, its use may have to be limited to life-threatening conditions associated with severe CRS. Consideration of infection before and after the administration of tocilizumab or corticosteroids is also important because of the immunocompromised state of the patients (23). In this case, given the negative findings of bacterial infection and the considerable risk of pericardiocentesis due to severe myelosuppression, the administration of high-dose corticosteroids in addition to tocilizumab took precedence over pericardiocentesis, and the patient's hemodynamic condition drastically improved. Nevertheless, for all cases of cardiac tamponade, the best precautions to perform prompt pericardiocentesis should be taken in case of hemodynamic deterioration. Pericardiocentesis should be considered even if the patient has severe thrombocytopenia if the response to high-dose steroid therapy in addition to tocilizumab is unfavorable (25).



CONCLUSION

We described the case of a 59-year-old man with refractory DLBCL who was treated with anti-CD19 CAR-T cell therapy and developed severe CRS and cardiac tamponade. Appropriate immunosuppressive therapy for CRS reduces pericardial effusion without the need for pericardiocentesis. When hemodynamic instability occurs in the acute phase after CAR-T cell therapy, CRS-related cardiovascular complications including cardiac tamponade as well as severe CRS need to be considered. In cases in which pericardiocentesis poses a considerable risk, urgent strengthening of the treatment for CRS is worth considering.
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Immune checkpoint inhibitors (ICIs) have revolutionized cancer therapy over the past decade. Despite their beneficial effects on treating numerous types of tumors, cardiotoxicity resulting from ICIs is a rare side effect but a concerning one due to its high mortality rate. We herein describe a case of an 80-year-old woman with recurrent head and neck squamous cell cancer (HNSCC), who presented with myocarditis complicated by complete atrioventricular block (CAVB) after second infusion of pembrolizumab. After quickly ruling out myocardial infarction and viral myocarditis, the strong relationship between the onset time and pembrolizumab therapy suggested that ICI-induced myocarditis was the most possible diagnosis. Though CAVB frequently presents with fulminant myocarditis in the setting of ICI-related cardiotoxicity, the patients kept a stable hemodynamic status and had normal myocardial function with just a slightly low global longitudinal strain (GLS) at−16.4%, which implied myocardial injury but was highly related to good prognosis based on the existing literature. Besides, elderly patients are vulnerable to adverse outcomes of steroid therapy, notably opportunistic infections. To balance beneficial effects and adverse effects of immune suppression, she accepted high-dose steroids without pulse methylprednisolone. Excitingly, she had a dramatic clinical and laboratory improvement, and heart block quickly returned to normal sinus rhythm. Another interesting finding was that the patient's tumor remained stable during the half-year follow-up from the termination of immunotherapy. Besides, we here firstly review previously reported cases in terms of their clinical characteristics and prognosis of ICI-induced myocarditis with CAVB, in particular the reversibility of heart block. In conclusion, ICI-induced myocarditis can be life-threatening and it therefore warrants efforts to increase awareness, facilitate early detection, and initiate prompt intervention. Importantly, CAVB secondary to ICIs-induced myocarditis may not always present with fulminant myocarditis and more than 50% of these surviving patients might recover to normal sinus rhythm. For patients with ICI-induced myocarditis with contraindication for cardiac magnetic resonance (CMR), speckle-tracking echocardiography is a reliable and sensitive alternative to CMR for detecting myocardial injury, and GLS may be an important prognostic indicator.
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INTRODUCTION

Immune checkpoint inhibitors (ICIs) have transformed the treatment landscape of many different types of cancers in recent years (1). Pembrolizumab, a humanized monoclonal IgG4 antibody, binds to programmed death receptor-1 (PD-1) and blocks its interaction with programmed death ligand-1 (PD-L1), thereby triggering the patients' immune system to recognize and combat cancer cells (2). Based on the survival results from the phase III clinical trial Keynote 048, pembrolizumab has been approved as the preferred first-line treatment for patients with recurrent or metastatic head and neck squamous cell carcinoma (HNSCC) who have no surgical or radiotherapeutic option (3). Despite favorable benefits, immune-related adverse events (irAEs) have occured in 70–90% of patients treated with ICIs (2). The most common irAEs have been found in the skin, colon, liver, lungs, pituitary gland, and thyroid (2). Cardiotoxicity resulting from ICIs is uncommon but potentially fatal. The incidence of ICI-induced myocarditis ranges from 0.01 to 1.1%, with a mortality rate of up to 50% (4). However, due to the low incidence of cardiac irAEs, data on presentation, diagnosis, treatment, and outcomes are limited (1). We herein present a case of recurrent HNSCC who presented with myocarditis complicated by complete atrioventricular block (CAVB).



CASE PRESENTATION

An 80-year-old woman was diagnosed with primary intraosseous squamous cell carcinoma of the mandible and underwent radical resection in December 2020. Adjuvant therapy was recommended, while the patient could not tolerate chemotherapy or radiotherapy. Five months after the primary surgery, the right mandibular mass recurred and was confirmed as recurrent HNSCC. Immunohistochemistry showed a PD-L1 expression level with a tumor proportion score of 15% and a combined positive score of 15. Given the patient's advanced age and vulnerability, radical resection and adjuvant chemoradiotherapy were not advantageous. Scholars have recommended PD-1 inhibitor monotherapy or PD-1 inhibitors combined with epidermal growth factor receptor (EGFR) inhibitors for the treatment of recurrent HNSCC with no surgical or chemoradiotherapeutic option (5, 6). The patient received pembrolizumab (200 mg) and nimotuzumab (200 mg), with an intravenous delivery every 3 weeks. She had no previous history of cardiovascular diseases.

At 10 h after the second administration of pembrolizumab plus nimotuzumab in the stomatology department, the patient complained of palpitation, faintness, and general fatigue, with no typical symptoms of anginal pectoris. She denied recent prodromal infection. Except for pembrolizumab and nimotuzumab, she did not receive any other medicine. The electrocardiogram (ECG) showed CAVB with a ventricular escape rate at 37 bpm (Figure 1A), which was normal prior to therapy with combined pembrolizumab. The high-sensitivity troponin I (hsTnI) assay showed a moderate elevation of 440 pg/mL (normal <10.4 pg/mL). Serum electrolytes were within normal range, which did not support electrolyte disturbance-induced CAVB.


[image: Figure 1]
FIGURE 1. Electrocardiogram and myocardial contrast echocardiography. (A) Electrocardiogram at the onset showed complete atrioventricular block with a ventricular escape at a rate of 37 beats per minute. (B) Echocardiogram after pacemaker implantation indicated a ventricular pacing rhythm with a wide QRS complex. (C) Myocardial contrast echocardiography examinations showed homogenous and equal enhancement intensity in the basal, middle and apical segments.


The patient was then urgently transferred to the cardiology department. Vital signs upon admission indicated heart rate of 37 bpm, blood pressure of 128/54 mmHg, respiratory rate of 18 rpm, temperature of 36°C, and oxygen saturation of 98% in room air. The physical examination revealed a vegetable mass in the right mandibular region. There was no rash, cyanosis, edema or bibasilar rales in the lungs. Except for the abnormal heart rate, cardiovascular examination revealed no other abnormality. She was awake and oriented, with no focal neurologic deficit.

Repeat ECG showed CAVB with a ventricular escape rate at 37 bpm. The initial work-up showed elevated levels of hsTnI of 1,026.5 pg/mL (normal <10.4 pg/mL), creatine kinase (CK) of 510 U/L (normal <165 U/L), CK-MB of 39.8 U/L (normal <5 U/L), and brain natriuretic peptide (BNP) of 2,171 pg/mL (normal <125 pg/mL). Moreover, her white blood cell was 11.8 × 109/μL (normal 4 to 10 × 109/μL), while her C-reactive protein level and erythrocyte sedimentation rate were both within normal limits. Urgent transthoracic echocardiography and chest computed tomography showed unremarkable results.

Considering the possibility of myocardial infarction and the potential high risk of cardiac arrest, the patient underwent urgent coronary angiography, which did not reveal any significant stenosis, and a dual-chamber pacemaker was subsequently implanted. The pacemaker was programmed with DDD pacing mode and ECG recorded a ventricular pacing rhythm with a wide QRS complex (Figure 1B). Further diagnostic work-up was performed. Hepatitis B, human immunodeficiency virus (HIV), Epstein–Barr virus, and cytomegalovirus were negative on the basis of serology while thyroid hormone was unremarkable. Therefore, neither viral myocarditis nor thyroid disorder could be considered as the cause of myocarditis. Myocardial contrast echocardiography showed that the perfusion of myocardium was normal (Figure 1C), with a normal left ventricular ejection fraction (LVEF) of 65%. However, speckle tracking echocardiography revealed a slightly decreased left ventricular global longitudinal strain (GLS) of−16.4%. Longitudinal strain was mainly impaired in the basal segments of the anterior and lateral walls (Figure 2A).


[image: Figure 2]
FIGURE 2. Speckle tracking echocardiography, repeat electrocardiogram, and timeline of disease diagnosis and treatment. (A) Global longitudinal strain (GLS) bull's-eye plot showed a slightly decreased GLS of−16.4% and mainly impaired strain in the basal segments of anterior and lateral wall. (B) Electrocardiogram on the 5th day of admission showed sinus rhythm with a normal rate of 69 beats per minute. (C) Timeline of disease diagnosis and treatment. ICI, immune checkpoint inhibitor; CAVB, complete atrioventricular block; IV, intravenous.


Nimotuzumab is marketed and has been administered to over 38,000 patients with limited adverse events (7). Until now, no reports have been published yet regarding myocarditis caused by nimotuzumab. Thus, the strong relationship between the onset time and pembrolizumab therapy suggested that pembrolizumab-induced myocarditis was the most likely diagnosis. In the light of hemodynamic stability as well as advanced age and vulnerability, high-dose glucocorticoids were initiated (1 mg/kg/day intravenous methylprednisolone) without pulse steroids within 24 h after onset. Excitingly, the patient's symptoms rapidly resolved, and repeat ECG revealed the recovery of atrioventricular conduction (Figure 2B) on the 5th day of admission. The treatment response to steroids further supported the diagnosis of pembrolizumab induced myocarditis. The patient was then discharged on the 7th day of admission, and the dosage of glucocorticoids was gradually tapered during the regular outpatient follow-up. The levels of hsTnI, BNP, and CK were gradually reduced to normal limits within 3 weeks after onset. On the 6th month of follow-up, the patient had a normal active life, and the mandibular mass showed no marked enlargement after discontinuation of pembrolizumab therapy. The overview of the clinical course of this patient is illustrated in Figure 2C.



LITERATURE REVIEW

The largest retrospective study of the WHO VigiBase demonstrated that cardiac irAEs comprise 2,215 (2.09%) of 106,025 irAEs (8). Among the cardiac irAEs, myocarditis was the most common form accounting for 14.1%, followed by pericardial disease (13.6%), conduction abnormalities (6.87%) and stress cardiomyopathy (0.72%) (8). Case reports of ICI-induced CAVB were often assessed to be secondary to myocarditis involving the conduction system. One multicenter trial, involving 30 cases of ICI-associated myocarditis, showed that atrioventricular conduction disorders were observed in 17% of patients with ICI-induced myocarditis (9). Albeit, the clinical characteristics and prognosis of CAVB secondary to ICI-induced myocarditis are less well defined.

We searched PubMed for articles published from inception to March 31th, 2022 in the English language. Search terms included “immune checkpoint” and “myocarditis”. Case reports on human myocarditis concurrent with CAVB caused by ICIs were selected. Totally, we reported 30 cases of ICI-induced myocarditis concurrent with CAVB, with a fatality rate of 60% (see Table 1 for details). The median age of patients was 67 (interquartile range, 63–74) years old and 63% of the patients were male. The median time from ICI administration to the onset of myocarditis was 21 days (interquartile range, 15–26 days). Among these cases, 63% of the patients occurred after the first ICI infusion and 23% occurred after the second ICI infusion. Besides, Most of the patients (87%) had no previous history of cardiovascular diseases and 30% presented EF-reduced heart failure. Of these patients with improved outcomes other than our case, they all received pulse methylprednisolone in the presence or absence of other immunosuppressive therapy. Additionally, 7 out of 12 (58%) surviving patients recovered from conduction disorders after immunosuppressive treatment.


Table 1. Published cases of immune checkpoint inhibitor-induced myocarditis concurrent with complete heart block.
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DISCUSSION

Cardiotoxicity caused by ICIs is a rare adverse event, while its high mortality rate makes it worthy of further investigation (4). Patients can present with myocarditis, heart failure, arrhythmia, pericardial involvement, myocardial infarction, Takotsubo cardiomyopathy, vasculitis, etc. (2). Among these cardiac irAEs, myocarditis is the most common form with an incidence of 0.27–1.14% (38). The mechanism of ICI-induced myocarditis is still under research. Histopathological analyses of patients with ICI-induced myocarditis revealed that the infiltration of predominant CD8+ T lymphocytes and a few macrophages might be the main cause of ICI-induced myocarditiss (39). This inflammation sometimes involves the cardiac conduction system, leading to conduction disorders (39). Therefore, conduction abnormalities frequently present with myocarditis. Furthermore, compared to the mortality rate (50%) of ICI-induced myocarditis in the existing literature, CAVB appeared a trend of increasing the mortality of ICI-induced myocarditis based on the mortality (60%) we reviewed.

The most widely recommended therapy for ICI-associated myocarditis is discontinuation of ICI therapy and administration of high-dose corticosteroids (1–2 mg/kg/day) as soon as possible, which is mainly initiated with pulse methylprednisolone (500–1,000 mg/day) for 3 days and subsequently gradually tapered and off (38). For cases who are unresponsive to corticoids, escalation to other immunosuppressive therapies should be evaluated, frequently involving plasmapheresis, intravenous immunoglobin, mycophenolate, and infliximab (38). Notably, steroid therapy may be accompanied by several adverse effects, particularly in elderly patients, who are vulnerable to adverse outcomes of steroid therapy, notably opportunistic infections. Thus, it is imperative to balance treatment effects of irAEs and adverse effects according to risk stratification. In most cases with cardiac irAEs, myocarditis concomitant with CAVB was clinically categorized as fulminant myocarditis, and pulse methylprednisolone thereby was initiated early after the onset (Table 1). In this report, the patient received high-dose steroids rather than pulse methylprednisolone therapy while clinical and laboratory results were noticeably improved. Importantly, repeated ECG revealed recovery of conduction disorder on the 5th day after its onset. This successful treatment indicated that CAVB does not always portend worse outcomes and may not need aggressive immunosuppressive therapy in such cases. Additionally, suspicion of ICI-induced myocarditis in our patients was raised early, and intravenous corticoids were quickly administrated after ruling out myocardial infarction and viral myocarditis based on medical history and quick-easy examination. As a consequence, early initiation of steroid treatment also contributed to good clinical outcomes.

Despite the limited available data, numerous risk factors for developing cardiac irAEs have been reported, including combination ICI therapy, underlying cardiovascular disease, previous cancer therapy-induced cardiac dysfunction, and underlying autoimmune diseases (38). Additionally, it should be noted that thymic epithelial tumors are associated with a higher incidence of irAEs than other types of cancers (23). Among these patients, cardiac biomarkers and electrocardiograms should warrant intensive monitoring. To our knowledge, we report the first case of CAVB secondary to ICI-induced myocarditis complicated with recurrent HNSCC, and the above-mentioned risk factors were not found in this patient.

Among patients with ICI-induced myocarditis, more than half of patients had a normal LVEF, while they could still develop severe cardiac events (40). GLS has been found as a sensitive marker of cardiac injury with traditional cytotoxic therapy. A recent study on patients with cardiac irAEs showed that each percent reduction in GLS was correlated with a 1.5-fold increase in major adverse cardiovascular events (MACEs) in patients with a reduced EF and a 4.4-fold increase with a preserved EF (41). Importantly, GLS lower than 16% was significantly associated with a higher incidence of MACEs in patients with the preserved LVEF (41). In our case, the patient underwent myocardial contrast (MCE) echocardiography and speckle-tracking echocardiography. Although the slightly decreased GLS with normal MCE demonstrated that myocardial injury was irrelevant to myocardial ischemia, a GLS higher than 16% with a preserved LVEF highly indicated that the patient had a lower risk of subsequent cardiac events based on the existing literature. In support of our speculation, the patient showed an exceedingly good outcome after steroid therapy.

Another interesting finding was that the patient's tumor remained stable during the half-year follow-up after termination of immunotherapy. Of note, current literature has shown that patients with recurrent or metastatic HNSCC who are not amenable to curative therapies have poor survival (6). Despite receipt of aggressive chemotherapy or anti-EGFR monotherapy, the median progression-free survival only ranges from 3 to 4 months in these patients (6). Conceivably, the patient may obtain prolonged disease stabilization from pembrolizumab. However, in the setting of cardiac irAEs, ICIs are frequently recommended for discontinuation.

There are several limitations in the present case report. First, endomyocardial biopsy was not performed due to the patient's refusal given procedural risks. Second, cardiac magnetic resonance (CMR) has been regarded as an gold-standard noninvasive imaging to confirm myocarditis. But our patient refused to further perform CMR due to the improved clinical course. Third, the patient underwent permanent pacing early, but conduction disorder disappeared rapidly after steroid therapy. Although permanent pacing was performed in the majority of the aforementioned cases with concurrence of myocarditis and CAVB (Table 1), we here firstly reviewed that more than half of surviving patients with conduction disorders secondary to ICIs might recover to normal sinus rhythm under immunosuppressive therapy. Consequently, temporary pacemakers should be recommended first. Nevertheless, given the paucity of data on the reversibility of heart block related to ICIs, the indication for and timing of permanent pacemaker placement remains elusive.

In general, ICI-induced myocarditis can be life-threatening and it therefore warrants efforts to increase awareness, facilitate early detection, and initiate prompt intervention. Importantly, CAVB may not always present with fulminant myocarditis and more than 50% of these surviving patients could recover to normal sinus rhythm. When CMR is contraindicated in patients with ICI-related myocarditis, speckle-tracking echocardiography is a reliable and sensitive alternative to CMR for detecting myocardial injury, and GLS may be an important prognostic indicator.
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Case Report: Torsade de Pointes Induced by the Third-Generation Epidermal Growth Factor Receptor–Tyrosine Kinase Inhibitor Osimertinib Combined With Litsea Cubeba
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Torsades de Pointes (TdP) occurred in a 68-year-old female with epidermal growth factor receptor (EGFR) mutant lung cancer administered osimertinib, the third-generation EGFR tyrosine kinase inhibitor (TKI). Electrocardiogram (ECG) recorded at Tdp showed QT prolongation (QTc = 515 ms), to which a Traditional Chinese Medicine (TCM) named “Litsea Cubeba” may have contributed. After discontinuation of osimertinib and Litsea Cubeba, magnesium supplementation, potassium supplementation, lidocaine infusion, and the pacemaker frequency adjustment, Tdp terminated. However, QT prolongation sustained at discharge (QTc = 528 ms), partly because of the emergency use of amiodarone. Osimertinib may prolong the QT interval leading to TdP, especially when multiple risk factors to lengthen QT interval are incidentally overlapped. Thus, regular monitoring of ECG and appropriate management of concomitant drugs are highly recommended.
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INTRODUCTION

Osimertinib is an oral, irreversible, third-generation epidermal growth factor receptor (EGFR) tyrosine kinase inhibitor (TKI), recommended as a first-line treatment for EGFR-mutated advanced or metastasis non-small cell lung cancer (NSCLC) (1, 2). Since vascular and cardiac potassium channels are regulated largely by EGFR tyrosine kinase (3), cardiotoxicity such as congestive heart failure and QT prolongation has been reported to be common with Osimertinib. Of the 1,479 patients treated with TAGRISSO in clinical trials (4, 5), 0.8% were found to have a QTc >500 ms, and 3.1% of patients had an increase from baseline QTc >60 ms, but no QTc-related arrhythmias were reported. Thus, osimertinib-induced QT prolongation leading to the possible development of Torsades de Pointes (TdP) has received less attention. Here we present a 68-year-old woman with advanced NSCLC (T1N2M0, IIIa) had sudden TdP, which was caused by osimertinib combined with Traditional Chinese Medicine (TCM) named “Litsea Cubeba.”



CASE DESCRIPTION

A 68-year-old woman, who had a history of lung adenocarcinoma for 1 year, was admitted to our hospital with “syncope” on January 02, 2022. In April 2020, she visited our hospital due to waist pain and back pain. The Chest CT on 15 April 2020 showed space-occupying lesions in the left upper lung, which was considered to be the lung cancer, accompanied by pleural effusion in both sides. The PET-CT on 20 April 2020 showed subpleural solid nodules in the left upper lung with FDG metabolism slightly elevated, which was considered to be Pulmonary CA. The target scan of pulmonary nodules on 23 April 2020 showed Subpleural solid nodule in the left upper lung and ground-glass nodule in the left lower dorsal segment. Then she underwent left total pneumonectomy in the first affiliated hospital of Zhejiang University, with post-operative pathology showing the stage was T1N2M0, stage IIIA. Genetic testing showed that exon 21 EGFR-L858R was positive with a mutation frequency of 1.65%. She was given lcotinib (Conmana) 125 mg tid for targeted therapy, and had a dose reduction or discontinuation due to diarrhea and itch according to the instructions of dosage adjustment. On 13 October 2021, re-examination of PET-CT showed vertebral metastasis in the S1 vertebral body. On 20 October 2021, a second genetic testing: exon 20 EGFR -T790M was positive with a mutation frequency of 0.75%. Then, the treatment was adjusted to osimertinib (TAGRISSO) 80 mg qd in 1 November 2021.

Her transthoracic ultrasound cardiography (UCG) was not examined at the initiation of osimertinib, but it showed a left ventricular end-diastolic diameter (LVEDD) of 54 mm and a left ventricular ejection fraction (LVEF) of 60% in 10 months before the initiation on 1 January 2021 and showed a LVEDD of 57 mm and an LVEF of 62% 10 days after the initiation on 11 November 2021. She had >1 year history of atrial fibrillation with third degree atrioventricular blocker, but no provable electrocardiogram (ECG) evidence could be provided. And we found no indications in her ECG [QTc (QT interval corrected by Bazetts’s formula, QTc = QT/RR0.5): 481 ms, HR: 76 bpm, Figure 1A] examined 19 months before. Because of some personal reasons, her ECG examination was postponed to 5 days after the initiation of osimertinib, which showed atrial fibrillation with third degree atrioventricular block (QTc: 464 ms, HR: 40 bpm, Figure 1B). Then a pacemaker (VVI, Medtronic, E10A1) was implanted in 10 November 2021, and her ECG was normal (QTc: 488 ms, HR: 60 bpm, Figure 1C). In 1 January 2022, 60 days after administration of osimertinib, she had some tea made of leaves and fruits (≈10 g) from TCM named “Litsea Cubeba” due to heatstroke. In 2 January 2022, she suddenly fainted when cooking at home at around 7:00 and woke up approximately 30 min later, feeling a little dizzy and chest tightness. She fainted again when walking around 14:00 and woke up after about 1 h, then she was sent to our hospital for emergency treatment. UCG showed a LVEDD of 57 mm and an LVEF of 57%. The ECG indicated TdP (QTc: 532 ms, HR: 60 bpm, Figure 1D). A loading dose of amiodarone of 0.15 g was intravenously injected immediately, followed by continuous infusion at 1 mg/min. In the meantime, intravenous administration of potassium and magnesium (500 ml 5% GS supplement of 25% magnesium sulfate 10 ml and 10% muriate 15 ml) and omeprazole (40 mg in 0.9% NS 100 ml) were carried out. She was transferred to cardiovascular medicine for further treatment at 20:51.


[image: image]

FIGURE 1. Twelve-lead electrocardiogram (ECG).


The vital signs were temperature (T) 36.3°C, blood pressure (BP) 89/69 mmHg, heart rate (HR) 59 bpm, and respiratory rate (RR) 20 bpm during the initial examination. Chest CT on admission showed a little fiber focus in the middle lobe of the right lung and small calcifications in the lower lobe of the right lung. Electrolytes: potassium 3.5 mmol/L, calcium 2.21 mmol/L; blood routine: white blood cells 10.7 × 109/L, neutrophils 9.5 × 109/L; BNP: 248 pg/mL.

Half an hour after admission (21:20), her condition suddenly deteriorated. Tdp (QTc: 515 ms, HR: 110 bpm, Figure 1E) with loss of consciousness occurring repeatedly. Cardiopulmonary resuscitation of repeated chest compressions was carried out. Supplement of potassium and magnesium (15 ml of 10% potassium chloride and 20 ml of 25% magnesium sulfate were added to 500 ml of 5% glucose) were intravenously injected immediately and had a dosage adjustment according to serum electrolytes (Table 1). Meanwhile, 50 mg of lidocaine was intravenously injected at the first dose, resulting in no reduction of premature beats. Then an additional 150 mg was injected, followed by continuous infusion at 1 mg/min. Furthermore, pacemaker frequency was adjusted to 100 bpm and gradually reduced to 70 bpm based on her ECG monitoring (Table 1). Finally, TdP terminated at 22:20 and was not recurrent afterward. As she had >10 year history of stable diabetes, subcutaneous injection of insulin Degludec and insulin Aspart injection (Ryzodeg) was continued. She also had >1 year history of stable hypertension treated with valsartan (80 mg qd po), but valsartan (80 mg qd po) was discontinued due to the low blood pressure during her hospitalization. Her ECG did not return to normal (QTc:528 ms, HR:69 bpm, Figure 1F) at discharge, partly because of amiodarone use. She was discharged on the ninth hospital day.


TABLE 1. Serum electrolyte and pacing frequency adjustment in hospital.
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DISCUSSION

Over the past 10 years, overall survival among cancer patients has been extended due to the development of efficacious treatment regimens, while many of these treatments can cause QTc prolongation (6). QTc prolongation is an unusual but important cardiac adverse reaction of anti-tumor drugs, especially chemotherapeutic agents, EGFR-TKI, and immune checkpoint inhibitors, which can lead to TdP, a potentially life-threatening form of malignant arrhythmia with clinical manifestations characterized by syncope, tetany, or sudden death. In a scientific statement from the American Heart Association and the American College of Cardiology Foundation published in Drew et al. (7), the normal QTc interval is recommended to be 470 ms for males and 480 ms for females. QTc interval >500 ms is considered highly abnormal in both males and females, and may be associated with a substantially elevated risk of TdP (8). Usually, the risk of TdP increase 5∼7% for every 10 ms extention in the QTc interval (9). But the link between changes in QT and TdP is highly variable. For some individuals, TdP may occur with modest QT prolongation, whereas others may experience no effects even with markedly prolonged QT (10). That is because Tdp is also associated with increased dispersion of ventricular repolarization. For example, amiodarone can markedly increase QT, but typically has a homogenous effect on the ventricular myocardium and rarely causes TdP (7, 11).

Osimertinib, an oral, third-generation EGFR-TKI that can specifically bind mutated T790M, has been approved for the treatment of NSCLC patients with T790M mutation. According to a United States retrospective clinical study from 2016 to 2018, osimertinib significantly increased the risk of cardiotoxicity compared with other EGFR-TKIs, and QT prolongation was the second common AE next to cardiac failure (12). In that study, the median onset of QT interval prolonged following osimertinib initiation was 23 days (IQR:14∼55). A Japanese retrospective study of 3,578 patients treated with osimertinib from 2016 to 2018 also reported that QT prolongation was observed in 45 patients (1.3%; Grade ≥3, 0.1% [5/3578]), while other cardiac disorders (including cardiac disorders, cardiac failure, and cardiomyopathy) were observed in 101 patients (2.3%) (13). In that study, the median onset of QT interval prolonged was 56 days (range:4∼548) after the first dose. Most prolonged QTc induced by osimertinib is mild to moderate (grade 1–2) adverse events, as 0.9% patients have prolonged QTc over 500 ms and 3.6% patients has prolonged QTc above 60 ms from baseline in clinical trials (4, 5). As per the osimertinib package insert, if the QT interval is >500 ms the osimertinib should be withheld until the QT interval is <480 ms or recovers to baseline. If the baseline QT is >480 ms, then osimertinib should be resumed at one-half the dose (14). The mechanism of osimertinib-induced QT interval prolongation may associate with potassium channels which plays an important role in repolarization. EGFR are linked to many potassium channels, i.e., Kv1.3 (15), Kv10.1 (16), Kv4.3 (17), and Kir2.3 (18), which are modulated by EGFR kinase via phosphorylation of tyrosine in their specific residues. Osimertinib has been proved as a weak inhibitor of the cardiac potassium ion channel, Kv11.1, inhibiting hERG encoded potassium channel function with an in vitro IC50 of 0.69 mM (19). Spontaneous release of Ca2 + via cardiac ryanodine receptors (RyR2), through a process termed store overload-induced Ca2 + release (SOICR), is a common mechanism underlying arrhythmia. It has been reported that some class I kinase inhibitors (silmitasertib, sunitinib) can increase the activity of RyR2, ultimately increasing the propensity for SOICR (20), which suggests that RyR2 may contribute to arrhythmia induced by Osimertinib. Besides, animal model suggests that down-regulation of PI3K signaling directly or indirectly via tyrosine kinase inhibition prolongs the QT interval by affecting multiple ion channels, i.e., decrease the delayed rectifier K+ currents (IKr and IKs), the L-type calcium ion (Ca2 +) current (ICa, L) and the peak sodium ion (Na+) current (INa) and increase the persistent Na+ current INaP (21).

No Tdp associated with osimertinib has occurred in clinical trials (4, 5), and only three cases of Tdp caused by osimertinib have been reported (Table 2). In addition, Kondo (25) reported a case of an 85-year-old female patient treated with osimertinib for advanced lung cancer expressing EGFR mutations (T790M), which lengthened QT interval causing abortive sudden cardiac death (SCD). Cardiac arrest in that case was supposed to be due to possible development of TdP based on several predisposing factors lengthening QT interval. However, the case was not presented in Table 2, because the ECG was not retrieved from AED, resulting in no ostensive proof of Tdp. Here we present a 68-year-old woman with advanced NSCLC who underwent QT prolongation leading to Tdp when combined with a TCM named “Litsea Cubeba.” In this case, Tdp happened along with QTc interval prolonged from 464 to 515 ms in 61 days after osimertinib administration.


TABLE 2. Review of case reports of Tdp due to osimertinib.
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Litsea Cubeba is a traditional herb and its plant parts, such as bark, leaf, root, and fruits, have been utilized in TCM for various diseases, including carminative (relieves flatulence), diuretic (aids urine passage), expectorant (aids secretion of sputum), stomachache, antiasthmatic, dyspepsia, gastroenteritis, diabetes, edema, cold, arthritis, pain, traumatic injury, and so on (26). In this case, the patient diagnosed herself with heatstroke based on a series of symptoms such as dizziness, nausea, and vomiting. Then she had some tea made of leaves and fruits (≈10 g) from Litsea Cubeba. Litsea cubeba encompasses a varied number of active compounds, such as alkaloids, monoterpenes, sesquiterpenes, diterpenes, flavonoids, amides, lignans, steroids, and fatty acids. According to TCM systems pharmacology database and analysis platform (TCMSP),1 there are at least 11 compounds that can target potassium voltage-gated channel subfamily H member 2 (KCNH2), one of the important potassium channels that regulate vascular tonus and QT interval in ECG. Thus, Litsea Cubeba may affect QT interval and partly contributed to the Tdp.

Besides, risk factors for the development of TdP in hospitalized patients include: QTc >500 ms, use of QT-prolonging drugs, heart disease (congestive heart failure and myocardial infarction), advanced age, female sex, electrolyte disturbance (hypokalemia, hypomagnesemia, hypocalcemia, etc.), treatment with diuretics, impaired hepatic drug metabolism (hepatic dysfunction or drug-drug interactions), bradycardia, genetic polymorphisms, and so on (7). In this case, the patient had at least third risk factors, i.e., advanced age, female sex, concurrent use of more than 1 QT-prolonging drug, history of atrial fibrillation with third degree atrioventricular blocker, might partly contribute to the TdP.



CONCLUSION

We have described a 68-year-old female patient with EGFR mutant advanced lung cancer treated with standard regimen of osimertinib, underwent QT prolongation leading to Tdp when combined with a TCM named “Litsea Cubeba.” Magnesium supplementation, potassium supplementation, and the antiarrhythmic drug lidocaine was given, so as the pacemaker frequency was adjusted to 70∼100 bpm. Then, Tdp terminated, but QT prolongation sustained at discharge.

Although osimertinib-induced QT prolongation is mild to moderate and not frequent (3∼10%), TdP may be induced by standard dose of osimertinib, especially when multiple risk factors to lengthen QT interval are incidentally overlapped. Concomitant drugs that can increase QT prolongation should be avoided while taking osimertinib. Besides, we recommend that clinicians consider an ECG at baseline when initiating osimertinib and at periodic intervals to monitor for QT prolongation. Dose reduction or treatment interruption should be performed for serious adverse events of QTc prolongation or even serious arrhythmia.
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This report describes the surgical treatment of giant right ventricular fibroma in a newborn. Cardiac uhrasonography and CT showed a large mass in the right ventricle wall, which narrowed the right ventricular inflow tract. The newborn patient gradually developed symptoms such as shortness of breath, oliguria, and pericardial effusion. We performed tumor excision, but due to severe damage to the right ventricular wall and right heart failure, the patient relied on cardiopulmonary bypass. Then, we immediately restored the opening of the ductus arteriosus, enlarged the foramen ovale, and used various vasoactive drugs to ensure the smooth resuscitation of the patient. This is a kind of operation for the youngest patients. The perioperative treatment experience indicated the feasibility of excision of giant right ventricular fibroma for newborn patients.

KEYWORDS
  cardiac tumor, fibroma, case report, histology, newborn


Introduction

Primary heart tumor in children is quite rare. As reported, the incidence is about 0.03–0.32%, about 25% of the cases are fibroma, followed by benign heart tumor (1, 2). Cardiac fibromas are generally solitary and large at the free end of the left ventricle, while rare at the right ventricle or atrium. They may be aggressive tumors with high mortality and generally show progressive growth, with rare spontaneous regression. Therefore, in the case of any tumor-induced symptom or expected life-threatening complication, excision is the preferred treatment method. In this case, the operation was performed for a newborn (birth weight: 3.2 Kg) 6 days after birth for improving hemodynamic disorder due to giant right ventricular fibroma.



Case summary

The study protocol was approved by the Dalian Women and Children's Medical Center (Group) Institutional Ethics Committee. The legal guardian signed informed consent for the operation and clinical record review. The patient is a test-tube baby, which means that the baby was a result of in-vitro fertilization. Fetal cardiac uhrasonography showed solid mass occupying the right ventricular wall and pericardial effusion; therefore, the patient was transferred to Cardiac care unit (CCU) after birth, early vital signs were stable and physical examination showed no obvious abnormalities. Cardiac uhrasonography: A hypoechoic mass of about 36 mm × 23 mm on the right ventricular wall, narrowing of the right ventricular inflow tract (Figure 1), a small amount of pericardial effusion, patent foramen ovale (2 mm), and patent ductus arteriosus (2 mm). Cardiac CT angiography (CTA): An elliptical low-density shadow of 35 mm × 23 mm on the right ventricular wall, with the right ventricle compressed (Figures 2A,B). The patient gradually had shortness of breath, rapid heart rate and oliguria, and cardiac echocardiography indicated increased pericardial effusion during observation. Tumor excision and ligation of ductus arteriosus were performed on Day 6 after birth. During the operation, the tumor was found to be yellow and hard, with a clear boundary with the myocardial tissue. Part of the myocardial tissue was enlarged along the boundary between the tumor and the myocardial tissue, and the marginal myocardial tissue was cut from multiple locations for pathological examination to ensure complete tumor resection, the fibroma was completely removed (Figures 3A–C), and the right ventricular wall wound was directly sutured. After the first cardiopulmonary bypass, the patient had severe hypotension and hypoxemia, making the condition unsustainable. The cardiopulmonary bypass was arranged again; given severe damage to the right ventricular wall due to tumor excision, and right heart failure, the ductus arteriosus was opened, the foramen ovale was enlarged, and various vascular drugs such as dopamine, adrenaline and prostaglandin were given; the patient was barely out of cardiopulmonary bypass, and transferred to the ICU with delayed sternal closure. The patient's vital signs were gradually stable, the chest was closed on Day 3, the respirator was removed on Day 6, and the patient was discharged on Day 14 after an operation. At present, the heart function has returned to normal, with a satisfactory prognosis. Pathologic results confirmed the presence of fibroma (Figures 4A,B).


[image: Figure 1]
FIGURE 1
 Ultrasonic Cardiogram: Neoplastic mass on the right ventricular wall and constricted right cardiac cavity.



[image: Figure 2]
FIGURE 2
 (A) Plain CT scan: Enormous space-occupying mass on a right ventricular wall, with compressed right ventricle cavity. (B) 3D reconstruction of cardiac blood flow: The right ventricular inflow tract was compressed by tumor, without obvious blood flow filling.



[image: Figure 3]
FIGURE 3
 (A) Tumor appearance before an operation; (B) Removal of a tumor; (C) During operation, right ventricular wall wound after tumor removal; (D) Tumor specimen appearance.



[image: Figure 4]
FIGURE 4
 Examination under a light microscope (A); Magnification: 20x, and (B) 40x (hematoxylin and eosin staining).


The patient underwent TTE, CT, and electrocardiography at the outpatient clinic every 3 months after surgery. So far the recovery has been good and the tumor has not returned.



Discussion

Although cardiac fibroma is histopathologically benign, it may still be an aggressive tumor, with high mortality (approximately 20–33%) among primary cardiac tumors. Cardiac fibroma generally has no clear boundary with cardiac muscle tissues, therefore, there would be high rates of ventricular arrhythmia (64–89%) and sudden cardiac death (10–30%) (3, 4). In addition, cardiac fibroma is generally progressive, with rare natural regression. Therefore, in the case of any tumor-induced symptom or expected life-threatening complication, excision is the preferred treatment method. In this case, we expected to perform tumor excision when the patient was older, but on Day 6 after birth, the follow-up in ICU found clinical symptoms; we had to operate during the neonatal period.

The excision of a large tumor is likely to cause insufficient myocardial quality, thus leading to severe impairment of cardiac function. A literature review indicated that most deaths were caused by the failure in withdrawal of cardiopulmonary bypass and heart failure. Some researchers adopted extracorporeal membrane oxygenation (ECMO), but the long-term use resulted in a high rate of serious complications; while some performed subtotal excision of a tumor to avoid damage to the basic structure, but there was a high recurrence rate. In this case, the patient had severe right heart failure after the operation; we enlarged the foramen ovale, to make full right-to-left shunt and ensure smooth blood circulation; maintained the ductus arteriosus open, to increase pulmonary blood supply, which ensured basic oxygen supply, made the patient successfully live without cardiopulmonary bypass after an operation, and recover without ECMO.



Conclusion

In conclusion, we performed excision of giant right ventricular fibroma for a newborn who had severe right heart failure after an operation but discharged after treatment. This is a kind of operation for the youngest patients worldwide. A large cardiac fibroma may lead to early blood flow obstruction or arrhythmias, which should be excised as soon as possible. It is possible to operate during the neonatal period.



Data availability statement

The original contributions presented in the study are included in the article/supplementary material, further inquiries can be directed to the corresponding author/s.



Ethics statement

This study protocol was approved by the Dalian Women and Children's Medical Center (Group) Institutional Ethics Committee. Written informed consent was obtained from the patient's legal guardian/next of kin for the publication of this case report. Written informed consent was obtained from the patient's legal guardian/next of kin for the publication of any potentially identifiable images or data included in this article.



Author contributions

PW designed the study and performed the experiments. YL and NW performed the experiments, analyzed the data, and wrote the manuscript. PW was major contributor in writing the manuscript. All authors contributed to the article and approved the submitted version.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

 1. Alice H, Irene E, Van G, Francois R, Jean-Benoit T. Large right ventricular fibroma in a 6-month-old infant. Pediatr Cardiol. (2012) 33:1458–1460.

 2. Miyake CY, Del Nido PJ, Alexander ME, Cecchin F, Berul CI, Triedman JK, et al. Cardiac tumors and associated arrhythmias in pediatric patients, with observations on surgical therapy for ventricular tachycardia. J Am Coll Cardiol. (2011) 58:1903–1909.

 3. Lkegami H, Lemaire A, Gowda S, Fyfe B, Ali M, Mark J, et al. Case report: surgical resection of right ventricular cardiac fibroma in an adult patient. J Cardiothorac Surg. (2021)16:136.

 4. Torimitsu S, Nemoto T, Wakayama M, Okubo Y, Yokose T, Kitahara K, et al. Literature survey on epidemiology and pathology of cardiac fibroma. Eur J Med Res. (2012) 17:5.














	
	TYPE Case Report
PUBLISHED 28 July 2022
DOI 10.3389/fcvm.2022.941967






Case report: Primary cardiac angiosarcoma with multiple metastases

Xuan Li, Lan Lan and Huijuan Hu*

Department of Radiology, Zhongnan Hospital of Wuhan University, Wuhan, China

[image: image2]

OPEN ACCESS

EDITED BY
Reto Asmis, Wake Forest School of Medicine, United States

REVIEWED BY
Sameh M. Said, University of Minnesota Twin Cities, United States
 Ana Paula Nunes Alves, Federal University of Ceara, Brazil

*CORRESPONDENCE
 Huijuan Hu, 59698684@qq.com

SPECIALTY SECTION
 This article was submitted to Cardio-Oncology, a section of the journal Frontiers in Cardiovascular Medicine

RECEIVED 12 May 2022
 ACCEPTED 27 June 2022
 PUBLISHED 28 July 2022.

CITATION
 Li X, Lan L and Hu H (2022) Case report: Primary cardiac angiosarcoma with multiple metastases. Front. Cardiovasc. Med. 9:941967. doi: 10.3389/fcvm.2022.941967

COPYRIGHT
 © 2022 Li, Lan and Hu. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



This reports outlines a rare case of primary right atrial angiosarcoma with multiple metastases. Multimodality imaging and histopathology confirmed the diagnosis of primary cardiac angiosarcoma and multiple metastases. We present the details of the presentation, multimodality imaging findings, and clinical management. The patient was followed up by cardiac MRI (CMRI) 2 months after therapy, the cardiac tumor and pulmonary metastases decreased markedly. Up to now, the patient has undergone four cycles of chemotherapy and immunotherapy.
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Introduction

Primary cardiac angiosarcoma (PCA) is extremely rare, and accounts for 33% of all primary malignant cardiac neoplasms (1). It originates from mesenchymal angioblasts and histologically it is composed of irregularly shaped vascular channels lined by anaplastic epithelial cells with large areas of intratumoral hemorrhage and necrosis (2). Clinical manifestations are not specific and depend on their infiltration into the myocardium and adjacent structures, as well as the extent of metastases (3). Patients usually visit a hospital because of chest pain, arrhythmia, peripheral edema, dyspnea, orthopnea, congestive heart failure, and pericardial tamponade (4). The most common location is the right atrium (RA). The prognosis of PCA is considerably poor, with a median survival of 14 months, reduced to 6 months in metastatic disease (5).



Case presentation

A 28-year-old man was admitted to the orthopedics department on 13 January 2022 with low back pain for one month. On admission, the patient had neither previous cardiovascular antecedents nor family history. He also denied medication use. The patient's body temperature was normal, 36.6°C with a blood pressure of 102/68 mmHg, and a heart rate of 96 bpm. The patient body mass index was 20.2.

The biochemical investigation showed no alteration in the following serum levels: total bilirubin, alkaline phosphatase, urea, creatinine, potassium, glucose, and sodium. Hemoglobin level was 144 g/l, hematocrit level was 43.2%, and serum leukocyte and platelet levels were 9.2 × 109/L and 165 × 109/L, respectively.

Physical examination revealed pain in the sternocostal and lumbosacral region, other body systems showed no abnormalities. Electrocardiography was normal.


Radiological investigations

A CT examination from the chest to the pelvis was performed, which revealed a right atrial mass, multiple small ground-glass pulmonary nodules, and bone destructions (Figures 1A–D). Transthoracic echocardiography (TTE) showed an ill-defined hypoechoic mass of approximately 3.8 cm × 2.3 cm, attached to the lateral wall of the right atrium. Cardiac MRI (CMRI) exhibited a right atrial tumor and multiple pulmonary lesions. On steady-state free precession (SSFP) cine imaging planned in the four chambers, the tumor showed isointense (Figure 2A). On T2-short tau inversion recovery (STIR) sequence images, the tumor displayed high-signal intensity (Figure 2B). On enhanced MRI, the tumor showed arterial heterogeneous enhancement and progressive but incomplete enhancement in the delayed phase (dynamic acquisition) (Figures 2C,D). The patient was referred for 18F-fluorodeoxyglucose (FDG) positron emission tomography-CT (PET-CT) for further characterization of the cardiac mass and systemic evaluation. PET-CT images demonstrated that the right atrial tumor had intensely increased FDG uptake (standardized uptake value, SUVmax, 8.4) with signs of pulmonary and bony metastases (Figure 3). These preoperative images characterized the mass as highly suspicious for a malignant cardiac tumor with multiple metastases.


[image: Figure 1]
FIGURE 1
 CT from chest to pelvis with enhancement shows right atrial tumor, small ground-glass pulmonary nodule, and bone destructions. (A) Arterial phase imaging reveals a filling defect in the right atrium (arrowhead). (B) Venous phase imaging shows the tumor inhomogeneously enhancing (arrowhead). (C) A lung window image shows a metastatic nodule in the upper right lung. (D) Bone destructions in the right ilium and sacrum.



[image: Figure 2]
FIGURE 2
 Cardiac magnetic resonance imaging. (A) On SSFP cine imaging planned in the four chambers, the tumor shows isointense (arrowhead). (B) On T2-short tau inversion recovery sequence images, the tumor displays high-signal intensity (arrowhead). (C,D) On enhanced MR imaging, the tumor shows arterial heterogeneous enhancement and progressive but incomplete enhancement in the delayed phase (dynamic acquisition).



[image: Figure 3]
FIGURE 3
 PET-CT demonstrates the tumor intensely increased FDG uptake with bony metastases (arrowhead).




Management

To get a definitive diagnosis, the patient underwent the sacral biopsy, but the result was a benign vascularized lesion, which was in contradiction with the presentations on images, so the left lower lung nodule resection was performed. The histopathology examination and immunohistochemical staining supported the diagnosis of angiosarcoma positive for CD31, CD34, ETS-related gene (ERG), and Ki67 (LI: 60%) (Figures 4A,B). Combined with multimodality images, the final diagnosis was primary right atrial angiosarcoma with multiple metastases. The case was discussed in a multidisciplinary heart team meeting. Because of the presence of widespread metastases, curative treatment was considered to be impossible. The clinician suggested palliative chemotherapy and immunotherapy, and the patient agreed with the suggestion. Thus, the patient underwent chemotherapy and immunotherapy with epirubicin (10 mg, QD), ifosfamide (.5 g, QD), and pembrolizumab (100 mg, QD). Simultaneously the patient underwent palliative radiotherapy (20 Gy/5f) at the sites of the 10th thoracic vertebra. Up to now, the patient has undergone four cycles of treatment.


[image: Figure 4]
FIGURE 4
 Histology of resection from the left lower lung nodule. The spindle cells are CD34 (A, 200×) and ERG (ETS-related gene) (B, 200×) positive.




Follow-up period

Repeat CMRI and chest CT showed significant regression of the tumor and pulmonary metastases (Figures 5A,B). Now, the patient continues the chemotherapy and immunotherapy.


[image: Figure 5]
FIGURE 5
 Repeat cardiac magnetic resonance imaging and thoracic CT. (A) SSFP cine imaging planned in the four chambers shows the tumor markedly reduced. (B) Thoracic CT shows the pulmonary nodules obviously decreased too, compared with Figure 1C.





Discussion

PCA is one of the most common primary cardiac malignancies (3), originated preferentially in the right atrium (approximately 90%), while <5% occur in the left atrium or ventricles (6). PCA commonly affects male patients those 30–40 years of age as in this case (7). The clinical symptoms are non-specific, depending on location and size, such as chest pain, chest tightness, shortness of breath, arrhythmia, pericar-dial effusion, or right heart failure (8, 9). The overall prognosis is extremely poor due to the aggressive and frequent presence of metastases at the time of diagnosis (3, 8–10).

Echocardiography has become an initial imaging technique because of its wide availability and high sensitivity, non-invasiveness, and cost-effectiveness (8, 11, 12), but it has some limitations, such as operator dependence, and the views may be limited in some patients (13).

There is more efficiency in using CT for tissue characterization and systemic metastases, especially in the lungs (3). PCA often presents as homogeneous or inhomogeneous density on unenhanced CT scans and heterogeneous centripetal enhancement on enhanced images (14).

Cardiac MRI is considered to be the most sophisticated imaging method to display the cardiac tumor size, location, and signal characteristics (15). T1-weighted images show tumor as predominantly isointense to the myocardium and high signal on T2-weighted images. Late gadolinium-enhanced (LGE) is avid and may predominate along prominent vascular channels to give a characteristic “sunray” pattern (2). In our case, CMRI clearly showed the tumor-infiltrating the free wall of the RA with obvious heterogeneous enhancement indicative of malignancy.

Positron emission tomography/CT has advantages in non-invasively characterizing cardiac tumors and disease staging, scarce case reports have described the use of FDG PET-CT in differentiating the benign and malignant mass, metastatic workup, preoperative staging, and assessment of response to treatment in primary cardiac angiosarcomas (16–19). Rahbar et al. (20) in their study of various cardiac tumors proposed that malignancy was determined with a sensitivity of 100% and specificity of 86% (accuracy, 96%) after a cutoff with high sensitivity (SUVmax of 3.5) was chosen to avoid false-negatives. In our case, the SUV max of the tumor is 8.4, which is highly suspicious of malignancy.

Although multimodality images can help diagnosis, definitive diagnosis and classification depend on the pathological examination, which is the gold standard based on immunohistochemistry as evidence for chemotherapy and radiotherapy. Immunohistochemically, angiosarcomas are usually positive for vimentin, CD31, CD34, and factor VIII-related antigens (21). ERG was the most sensitive vascular marker, with diffusely reactive in all cases of cardiac angiosarcoma and its superior sensitivity to CD31 and CD34 (22). In our patient, CD31, CD34, and ERG were positive, which supported the diagnosis of angiosarcoma.

The most common organ for metastasis of primary angiosarcoma is the lungs and bone, occasionally in the liver and spleen, and extremely rarely in the brain (14, 23). Pulmonary metastases manifested different sized multiple hemorrhagic nodules (24), which was a characteristic CT appearance, consisting of a central area of soft-tissue attenuation surrounded by a halo of ground-glass attenuation. This halo sign was previously established as a common finding correlated with pulmonary angiosarcoma, and it also helps in detecting metastatic pulmonary lesions (23). In this report, this case had typical halo signs on thoracic CT.

Due to the rarity of these tumors, the optimal management strategy is still argued. Current treatment options include surgery, radiotherapy, and chemotherapy. Surgical resection remains the gold standard for the treatment of primary malignant cardiac tumors. The limits of surgical resection have been related to the degree of extensive involvement of nearby structures and other cardiac chambers (25). In addition, targeted medicines and immunotherapy have been studied as promising treatments for angiosarcoma (26). Although the benefits of adjuvant therapy and other strategies are still unknown, there is a tendency to use more aggressive treatment for younger patients (25). Because of widespread metastases, our patient received adjuvant immunotherapy and chemotherapy, which has a good effect. Close follow-up is mandatory because of the poor prognosis.

There were limitations in this study. First, the patient did not conduct surgical resection, and no pathology of the tumor was obtained. We speculated the diagnosis according to histopathologic findings of lower left lung and multimodality images. Second, at present adjuvant immunotherapy and chemotherapy is very effective, but we should follow up closely to observe the future effect.



Conclusion

Evaluation and diagnosis of PCA can be complex and should include multimodality imaging, multidisciplinary discussion is important. The case demonstrates the typical presentation of primary cardiac angiosarcoma and its associated features on multimodality imaging. More experience is needed to better understand the imaging characteristics of angiosarcoma.
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Case report: Minimally invasive excision of multifocal cardiac papillary fibroelastomas involving right atrium and aortic valve
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Background: Cardiac papillary fibroelastomas (CPFs) are rare benign cardiac tumors most commonly found on left-sided cardiac valves. Right atrial CPFs are extremely rare, accounting for only 2% of all CPFs. Median sternotomy is a typical approach for surgical excision of CPFs in most cases. Herein, we report an extremely rare case of multifocal CPFs involving the right atrium and aortic valve that were surgically excised via minimally invasive right anterolateral thoracotomy.

Case Summary: A 59-year-old Chinese man was admitted because of an incidental finding of a right atrial mass on transthoracic echocardiography during a routine check-up. The mass was initially diagnosed as a myxoma, and the patient was scheduled for minimally invasive excision via right anterolateral thoracotomy. An additional mass on the non-coronary cusp of the aortic valve was identified using intraoperative transesophageal echocardiography. The patient still underwent complete tumor excision via right anterolateral thoracotomy. Both neoplasms were pathologically diagnosed as CPFs.

Conclusions: This case highlights the need for a comprehensive cardiac evaluation of cardiac tumors because CPFs can manifest as multifocal lesions. Moreover, minimally invasive surgery is highly feasible as the CPF can be easily excised, and the valve can usually be preserved.

KEYWORDS
 cardiac papillary fibroelastoma, minimally invasive, multifocal, right atrium, aortic valve, cardiac tumor


Introduction

Cardiac papillary fibroelastomas (CPFs) are rare and considered one of the most common benign cardiac tumors (1). The incidence of CPFs is approximately 1,380/100 million individuals and constitutes 11.5% of all primary cardiac tumor (2). Although CPFs may arise on any endocardium-lined surface, more than three-quarters of CPFs occur on valvular surfaces, with left-sided valves being more commonly affected than those on the right. Right atrial CPFs are extremely rare and account for only 2% of all CPFs (3). Multifocal CPFs with simultaneous involvement of the right atrium (RA) and the aortic valve (AV) have seldom been reported. Moreover, most cases of multifocal CPFs were treated with surgical excision via a median sternotomy. Herein, we present a case of minimally invasive excision of multifocal CPFs involving the RA and the AV.



Case presentation


History of presentation and investigation

A 59-year-old Chinese male was admitted because of incidental findings of a right atrial mass on transthoracic echocardiography (TTE) during a routine check-up. No medical history has been reported to date. The laboratory results and physical examination findings were unremarkable. TTE revealed an irregular hyperechoic mobile mass (1.2 × 0.9 cm in size) with a stalk arising from the RA adjacent to the aortic root (Figure 1A). TTE also revealed thickened leaflets of AV, which was considered to be a degenerative change. No wall motion or other structural valve abnormalities were reported. Coronary computed tomography angiography (CTA) demonstrated no obvious stenosis of the coronary artery.


[image: Figure 1]
FIGURE 1
 (A) Transthoracic echocardiography showed an irregular hyperechoic mobile mass (1.2 × 0.9 cm in size, white arrow) with a stalk arising from the right atrium adjacent to the aortic root; (B) Transesophageal echocardiography showed an additional mobile mass (1.3 × 0.8 cm in size, white arrow) on the ventricular side of the non-coronary cusp of aortic valve; (C) Coronary computed tomography angiography showed abnormal thickness of non-coronary cusp of aortic valve, which represented the cardiac papillary fibroelastoma (red arrow) on the aortic valve.




Diagnosis

The right atrial mass was initially diagnosed as myxoma or papillary fibroelastoma.



Management

The patient was scheduled for minimally invasive excision of the right atrial mass via right anterolateral thoracotomy. Intraoperative transesophageal echocardiography (TEE) after anesthesia detected an additional mobile mass (1.3 × 0.8 cm in size) on the ventricular side of the non-coronary cusp of the AV (Figure 1B). Both right atrial and aortic valvular masses were considered CPFs due to their stippled edge and good mobility with stalks. Considering the high probability of AV preservation in cases of primary surgical indication for CPF based on our experience, we proceeded with the surgery via right anterolateral thoracotomy, without conversion to media sternotomy. Cardiopulmonary bypass was established through the femoral artery and vein cannulation. A 5 cm right mini-thoracotomy incision was made in the fourth interspace, which started medially to the anterior axillary line. Cardioplegia was achieved by antegrade perfusion of cold blood cardioplegia solution through a Y-shaped cannula. After transverse aortotomy, the tumor was located on the ventricular side of the noncoronary cusp of the AV (Figure 2A) and was easily excised by shaving its stalk. AV leaflet inspection confirmed their anatomical preservation. The aorta was then closed, and the heart resumed beating automatically. Then the tip of the cannula in the inferior vena cava was laid in the right atrium, 1 cm above the inferior atriocaval junction. No caval veins were snared and after transverse right atriotomy, a vacuum-assisted venous drainage controller was used to maintained the negative pressure ranging from−20 to−30 mmHg, or according to the blood level in the right atrium. The right atrial tumor (Figure 2B) was successfully excised on a beating heart by shaving its stalk (Supplementary Video 1). TEE revealed trivial AV regurgitation and complete excision of the masses. As only still echo images were regular archived, we retrospectively found abnormal thickness of non-coronary cusp of AV on coronary CTA, representing the CPF which was misdiagnosed as degenerative thickening of leaflet (Figure 1C). The postoperative course was uneventful and the patient was discharged on postoperative day six. After a 2-year follow-up, TTE showed no signs of CPF recurrence.


[image: Figure 2]
FIGURE 2
 (A) CPF was located on the ventricular side of non-coronary cusp of aortic valve (white arrows); (B) CPF (white arrows) was located in the RA adjacent to aortic root with a stalk (green arrow). CPF, cardiac papillary fibroelastoma; NCC, non-coronary cusp; RCC, right-coronary cusp; LCC, left-coronary cusp; RA, right atrium; TV, tricuspid valve.




Macroscopic observation and histopathological examination

When immersed in water, both tumors showed “the sea anemone” phenomenon, which strongly suggested the presence of CPFs (Figure 3A). Both tumors were fixed with formalin, embedded with paraffin and stained with hematoxylin and eosin. Histopathological examination demonstrated bundles of papillary projections with a collagenous core surrounded by a single layer of endothelium, and a final diagnosis of multifocal CPFs was made (Figures 3B,C).


[image: Figure 3]
FIGURE 3
 (A) Macroscopic inspection of the tumors when immersed in water showed a “sea anemone” phenomenon. On the left is the tumor on the aortic valve, and on the right is the tumor in the right atrium. (B,C) Histopathologic examination of the tumors [panel (B) represents the tumor on the aortic valve and panel (C) represents the tumor in the right atrium] with hematoxylin-eosin staining (100×) confirmed the diagnosis of cardiac papillary fibroelastomas.





Discussion

Our study reported an extremely rare case of multifocal CPFs involving the RA and AV that was successfully treated with complete tumor excision via right anterolateral thoracotomy, of which the surgical approach has seldom been reported. This case highlights two important points: (1) CPFs could present as multifocal involvement and should be comprehensively evaluated by multimodality imaging, and (2) a minimally invasive approach is suitable for surgical excision of multifocal CPFs based on the fact that the valve can usually be preserved when tumor excision is the primary surgical indication (4).

Despite CPF being one of the top three common primary benign cardiac tumors, the other two being myxomas and lipomas (2, 5) quite a few scholars consider it to be the most common (6). Moreover, it is the most common primary cardiac valvular tumor, whereas non-valvular involvement is infrequent. Right-sided CPFs only account for ~10% of cases, and the tricuspid valve is the most common right-sided location (7). Right atrial CPFs are rare, accounting for only 2% of all CPFs, which makes our case of multifocal CPFs involving the RA and AV extremely rare.

CPFs are commonly found incidentally in asymptomatic individuals (8). When symptoms develop, the most common are systemic (9) or pulmonary embolization (10), followed by coronary ostium obstruction (5), heart failure, and even sudden cardiac death due to the detachment of tumor fragments or thrombi related to the tumor. Right-sided CPFs tend to be larger at presentation than left-sided CPFs (4), possibly due to their tendency to present late as they have fewer clinical implications. Typical CPF exhibit a “frond-like” appearance because of its papillary projections arising from the fibrous stalk attached to the endocardium, which makes it look like a sea anemone when immersed in water. On TEE, the borders may appear slightly stippled or shimmering caused by vibration at the tumor-blood interface because of its finger-like projections. TEE is more sensitive than TTE because of the typical small size of CPFs, and about one-quarter of patients with CPFs might be detected on TEE but not TTE (4), similar to our case where the CPF on the AV was misdiagnosed by preoperative TTE.

Histologically, CPFs are composed of thickened, broad papillae of varying lengths, lined by endothelial cells, with avascular connective tissue stroma, myxoid, fibrosis or collagen. Immunohistochemically, the cells covering the surface are positive for factor VIII-related antigen and CD 34, in keeping with their presumed vascular endothelial origin, but also the S-100 protein may be positive (11).

Surgical indications for CPFs remain controversial. The mainstream view recommends surgical excision in patients who are good surgical candidates with a large (≥1 cm) or mobile left-sided CPF (12). Asymptomatic right-sided CPFs can be managed more conservatively, unless they are associated with embolization. Surgical excision via median sternotomy is considered the standard surgical approach, particularly in cases of multifocal CPFs (13). However, based on the experience of our center and other studies (4), valves are usually spared when tumor excision of the CPFs is the primary surgical indication. Therefore, we highlight the importance and feasibility of minimally invasive excision via right anterolateral thoracotomy, as most patients with CPFs are asymptomatic and surgical damage should be minimized. In our case, both CPFs were easily excised by simple shave excision, and valvular function was unaffected. However, long-term antiplatelet treatment is recommended for patients who are not candidates for surgery or who refuse surgery.



Conclusions

CPFs can present as multifocal lesions and should be comprehensively evaluated using multimodal imaging. TEE is more sensitive than TTE for cardiac mass detection. As valves are usually spared when CPF excision is the primary surgical indication, a minimally invasive approach via right anterolateral thoracotomy is recommended to minimize surgical damage, especially in asymptomatic patients.



Data availability statement

The original contributions presented in the study are included in the article/Supplementary material, further inquiries can be directed to the corresponding author.



Ethics statement

Written informed consent was obtained from the participant/s for the publication of this case report. Written informed consent was obtained from the individual(s) for the publication of any potentially identifiable images or data included in this article.



Author contributions

LM: conceptualization. PT and PH: data collection and analysis. PT: writing. SY: writing, review, and editing. All authors have approved the manuscript for publication.



Funding

This study was funded by the Key Research and Development Program of Zhejiang Province, China (Project Number: 2019C03008) and the Natural Science Foundation of Zhejiang Province, China (Project Number: LQ22H020005).



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fcvm.2022.908567/full#supplementary-material

SUPPLEMENTARY VIDEO 1.
 The video of minimally invasive tumor excision via right anterolateral thoracotomy recorded by endoscope.



Abbreviations

CPF, cardiac papillary fibroelastoma; TTE, transthoracic echocardiography; CTA, computed tomographic angiography; TEE, transesophageal echocardiography; RA, right atrium; AV, aortic valve.



References

 1. Jallad N, Parikh R, Daoko J, Albareqdar E, Al-Dehneh A, Goldstein J, et al. Concurrent primary cardiac tumors of differing histology and origin: case report with literature review. Tex Heart Inst J. (2009) 36:591–3.

 2. Tyebally S, Chen D, Bhattacharyya S, Mughrabi A, Hussain Z, Manisty C, et al. Cardiac tumors: JACC cardiooncology state-of-the-art review. JACC CardioOncol. (2020) 2:293–311. doi: 10.1016/j.jaccao.2020.05.009

 3. Gowda RM, Khan IA, Nair CK, Mehta NJ, Vasavada BC, Sacchi TJ. Cardiac papillary fibroelastoma: a comprehensive analysis of 725 cases. Am Heart J. (2003) 146:404–10. doi: 10.1016/S0002-8703(03)00249-7

 4. Tamin SS, Maleszewski JJ, Scott CG, Khan SK, Edwards WD, Bruce CJ, et al. Prognostic and bioepidemiologic implications of papillary fibroelastomas. J Am Coll Cardiol. (2015) 65:2420–9. doi: 10.1016/j.jacc.2015.03.569

 5. Tadic S, Ilic A, Stefanovic M, Stojsic-Milosavljevic A, Popov T, Bjelobrk M, et al. Case report: multimodality imaging as a lifeline for fatal localization of valsalva sinus fibroelastoma. Front Cardiovasc Med. (2021) 8:683534. doi: 10.3389/fcvm.2021.683534

 6. Maleszewski JJ, Bois MC, Bois JP, Young PM, Stulak JM, Klarich KW. Neoplasia and the heart: pathological review of effects with clinical and radiological correlation. J Am Coll Cardiol. (2018) 72:202–27. doi: 10.1016/j.jacc.2018.05.026

 7. Ahmad A, El-Am EA, Kurmann RD, Sorour AA, Bois MC, Maleszewski JJ, et al. Clinical and echocardiographic characteristics of patients with pathology proven right-sided papillary fibroelastomas. Int J Cardiol. (2022) 349:123–6. doi: 10.1016/j.ijcard.2021.11.083

 8. Ikegami H, Andrei AC, Li Z, McCarthy PM, Malaisrie SC. Papillary fibroelastoma of the aortic valve: analysis of 21 cases, including a presentation with cardiac arrest. Tex Heart Inst J. (2015) 42:131–5. doi: 10.14503/THIJ-14-4262

 9. Eftekhari H, Islam A, Slawsky M. Aortic valve fibroelastoma presenting with myocardial infarction. Catheter Cardiovasc Interv. (2011) 77:716–9. doi: 10.1002/ccd.22879

 10. Ahmad A, Arghami A, El-Am EA, Foley TA, Kurmann RD, Klarich KW. Case report: a tale of a cardiac mass: looks like a papillary fibroelastoma, acts like a non-bacterial thromboendocarditis. Front Cardiovasc Med. (2021) 8:782926. doi: 10.3389/fcvm.2021.782926

 11. Mansueto G, Capasso E, Buccelli C, Niola M. Pulmonary eosinophilic inflammatory infiltration post-intensive care in a nearly drowned young man with papillary fibroelastoma: a rare complication discovered by forensic autopsy. Front Med. (2017) 4:253. doi: 10.3389/fmed.2017.00253

 12. Sasaki A, Sato M, Jikuya T. Surgical treatment for papillary fibroelastoma of the aortic valve. Gen Thorac Cardiovasc Surg. (2009) 57:481–3. doi: 10.1007/s11748-009-0429-x

 13. Mandryk Y, Czesla M, Flora C, Massoudy P. Concomitant tumourous lesions in the left atrium and aortic valve suspected to be myxoma. Eur J Cardiothorac Surg. (2020) 57:1011–2. doi: 10.1093/ejcts/ezz314












	
	TYPE Case Report
PUBLISHED 09 August 2022
DOI 10.3389/fcvm.2022.964324






Successful immune checkpoint inhibitor rechallenge after immune-related pericarditis: Clinical case series

Adrian M. Chye1,2,3,4, Ina I. C. Nordman1,5 and Aaron L. Sverdlov1,5,6,7*


1Calvary Mater Newcastle, Newcastle, NSW, Australia

2Garvan Institute of Medical Research, Darlinghurst, NSW, Australia

3Faculty of Medicine, St Vincent's Clinical School, University of New South Wales, Sydney, NSW, Australia

4St Vincent's Hospital, Darlinghurst, NSW, Australia

5School of Medicine and Public Health, University of Newcastle, Newcastle, NSW, Australia

6Cardiovascular Department, John Hunter Hospital, Hunter New England Local Health District, New Lambton Heights, NSW, Australia

7Newcastle Centre of Excellence in Cardio-Oncology, New Lambton Heights, NSW, Australia

[image: image2]

OPEN ACCESS

EDITED BY
Reto Asmis, Wake Forest School of Medicine, United States

REVIEWED BY
Alessandro Inno, Ospedale Sacro Cuore Don Calabria, Italy
 Nikhil Agrawal, University of Texas Health Science Center at Houston, United States

*CORRESPONDENCE
 Aaron L. Sverdlov, Aaron.Sverdlov@newcastle.edu.au

SPECIALTY SECTION
 This article was submitted to Cardio-Oncology, a section of the journal Frontiers in Cardiovascular Medicine

RECEIVED 08 June 2022
 ACCEPTED 22 July 2022
 PUBLISHED 09 August 2022

CITATION
 Chye AM, Nordman IIC and Sverdlov AL (2022) Successful immune checkpoint inhibitor rechallenge after immune-related pericarditis: Clinical case series. Front. Cardiovasc. Med. 9:964324. doi: 10.3389/fcvm.2022.964324

COPYRIGHT
 © 2022 Chye, Nordman and Sverdlov. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



Pericardial diseases secondary to immune checkpoint inhibitors (ICI) are rare. Here, we describe two cases of immune-related pericarditis caused by ICI for treatment of advanced NSCLC. Select patients can be successfully rechallenged with ICI after immune-related pericardial disease.

KEYWORDS
  immune checkpoint inhibitors, immune-related adverse events, cardiotoxicity, pericarditis, lung cancer


Introduction

Immune checkpoint inhibitors (ICI) are a pillar of cancer therapy and have shown remarkable benefit in a range of cancer types including advanced non-small cell lung cancer (NSCLC) (1, 2). ICI are associated with a wide range of immune-related adverse events (irAE), which can affect any organ system. Cardiac irAE are rare, potentially life-threatening and include a spectrum of disorders including myocarditis, cardiomyopathy, arrhythmias and pericardial disease (3). The safety and efficacy of ICI rechallenge after cardiac irAE remains unclear. We report two rare cases (Table 1) of ICI-related pericardial disease in patients with metastatic NSCLC who were successfully rechallenged with ICI.


TABLE 1 Characteristics of patients who developed pericardial disease due to immune checkpoint inhibitors.
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Learning objectives

• Clinicians should be aware of the rare and potentially life-threatening cardiac irAE related to immune checkpoint inhibitors.

• Rechallenge with immune checkpoint inhibitors following a full recovery from immune-related pericardial disease may be considered with involvement of a cardiologist or cardio-oncologist, taking into consideration the usefulness of rechallenge and predicted risk of irAE.

• Following rechallenge, patients should be monitored closely for recurrent and/or new irAE.

• If relapses occur, secondary prevention of immune-related pericardial disease can be considered with concomitant colchicine.


Case 1

A 69-year-old male ex-smoker was diagnosed with stage IV NSCLC of squamous-cell carcinoma subtype. He initially received palliative radiotherapy to the left lower lobe bronchus obstructing primary lesion. Subsequently, he received platinum doublet chemotherapy with four cycles of carboplatin and paclitaxel, and achieved stable disease post-treatment, and was then commenced on anti-programmed death-1 (PD-1) inhibitor Nivolumab.

Following 6 months (12 cycles, 2-weekly) of Nivolumab, he presented to hospital with acute pericardial chest pain, lethargy and dyspnoea, consistent with acute pericarditis. A computed tomography (CT) Pulmonary Angiogram showed a mild pericardial effusion and left pleural effusion (Figure 1). An echocardiogram demonstrated a small pericardial effusion, with no evidence of tamponade, consistent with NCI-CTCAE grade 2. He was treated with a pulse of glucocorticoids (prednisolone 50 mg daily for 1 week) and colchicine for 3 weeks. Two weeks later a repeat echocardiogram showed resolution of the pericardial effusion. He was recommenced on Nivolumab and received a further 6 cycles until disease progression, without recurrence of pericardial disease. He subsequently progressed through vinorelbine therapy and died 5 months later. There was no recurrence of the pericardial effusion at any stage.


[image: Figure 1]
FIGURE 1
 Pericardial effusion after 12 cycles of Nivolumab (Case 1).


In this case, the pericardial effusion was attributed to a cardiac irAE rather than malignant invasion/malignant effusion due to the absence of corresponding malignant disease progression prior to development of the effusion, rapid response to glucocorticoid treatment, as well as lack of recurrence of effusion when metastatic disease progressed.

A CT pulmonary angiogram demonstrated a pericardial effusion in a patient with metastatic NSCLC undergoing Nivolumab therapy.



Case 2

A 67-year-old female was diagnosed with stage IV NSCLC of adenocarcinoma subtype, which lacked a driver mutation and programmed death ligand 1 (PD-L1) expression was >90. She achieved a partial response from frontline Pembrolizumab, an anti-PD-1 therapy.

She presented with acute pericardial chest pain following 6 cycles (3 weekly) of Pembrolizumab. A CT pulmonary angiogram showed an interval pericardial effusion (Figure 2). An echocardiogram demonstrated a pericardial effusion with tricuspid valve velocity variation with respiration consistent with early tamponade and thickened pericardium, consistent with NCI-CTCAE grade 3. She was haemodynamically stable and did not require pericardiocentesis or surgical intervention. Pericardial disease was treated with NSAIDs, colchicine and glucocorticoids (prednisone 50 mg daily tapered over 4 weeks), with prompt resolution of symptoms. Colchicine was ceased due to diarrhea. A follow-up echocardiogram demonstrated complete resolution of the pericardial effusion. Acute pericarditis and pericardial effusion were attributed to a cardiac irAE rather than from direct malignant invasion due to the rapid response with high-dose glucocorticoid treatment, and simultaneous tumor regression in known sites of disease. She was rechallenged with pembrolizumab after multi-disciplinary consultation with the cardio-oncologist.


[image: Figure 2]
FIGURE 2
 Pericardial effusion after 6 cycles of pembrolizumab (Case 2).


Following cycle 9 of pembrolizumab, she represented with pericardial chest pain and was diagnosed with recurrent pericarditis. Her symptoms quickly resolved with reinstitution of NSAIDs, colchicine and glucocorticoids. Pembrolizumab was subsequently resumed concomitantly with colchicine. Following cycle 15 of pembrolizumab on concurrent colchicine therapy, a third episode of pericarditis occurred. Her symptoms again rapidly resolved with addition of NSAIDs and glucocorticoids. Pembrolizumab combined with colchicine was resumed. The patient continued to benefit from pembrolizumab with exceptional response for >18 months. The timeline of pembrolizumab treatment related to pericardial disease is shown in Figure 3.


[image: Figure 3]
FIGURE 3
 Clinical course of patient with recurrent pericarditis (Case 2).


A CT pulmonary angiogram demonstrated an interval pericardial effusion in a patient with metastatic NSCLC undergoing frontline therapy with pembrolizumab.

The development of recurrent pericarditis in relation to pembrolizumab treatment and the use of anti-inflammatory therapies including prednisone and colchicine.




Discussion

Pericardial diseases including acute pericarditis, pericardial effusion and tamponade caused by ICI have been increasingly recognized, but very few cases have been rechallenged with ICI therapy (4–7). Overall, the incidence of pericardial disease in the setting of ICI treatment is relatively rare, in the order of 1.57 events per 100 person-years (8). We present here, two rare cases of pericardial disease caused by ICI with anti-PD-1 monotherapy who were successfully rechallenged.

The precise mechanisms by which ICI-related pericardial disease occurs is poorly understood. There is also a paucity of data evaluating the optimal management of ICI-related pericardial disease. Numerous bodies including the American Society of Clinical Oncology (ASCO) and the European Society for Medical Oncology (ESMO) have endeavored to develop standardized guidelines for managing irAE. The scope of these guidelines is restricted as they group all cardiac toxicities together, and do not address the disorder of pericardial disease specifically. ASCO guidelines recommend rapid initiation of high-dose glucocorticoids for cardiac toxicity, holding ICI and permanently discontinuing ICI if greater than grade 1 toxicity occurs (9). ESMO suggest treating cardiac toxicity with high-dose glucocorticoids and escalation to other immunosuppressive drugs if not responsive to glucocorticoids (10).

ICI-related pericardial disease is treated with high-dose glucocorticoids (prednisolone 1–2 mg/kg), urgent pericardiocentesis if haemodynamic compromise is present, and permanent discontinuation of ICI. The safety, efficacy, and appropriateness of rechallenging with ICI following ICI-related pericardial disease is a key question that is yet to be answered. In routine clinical practice, ICI is permanently discontinued in patients who have developed cardiac irAE. We propose that patients with ICI-related pericardial disease with resolution or near resolution of irAE, ICI re-challenge can be considered on a case-by-case basis with multi-disciplinary expertise. The multi-disciplinary team should consider the potential benefit of a rechallenge, patient comorbidities, patient preference and predicted risk of new and recurrent irAE. Patients should be closely monitored for recurrent or new irAE if ICI is indeed resumed.

Furthermore, Case 2 demonstrates that if relapses of ICI-related pericarditis do occur, it can be managed with temporary discontinuation of ICI and short courses of glucocorticoids. Recurrent pericarditis in this case was immunosuppression-sensitive and each relapse was followed by a full recovery. Following cardio-oncology consultation, discussion with the patient and careful consideration of the risk-benefit ratio of resuming treatment, ICI was reinstituted. Secondary prevention for ICI resumption with long-term concomitant colchicine was used as a strategy to reduce the risk of recurrent pericarditis.

A systematic review of case reports and series, which included 20 publications with a total of 28 cases of ICI-associated pericardial disease, suggested that majority of cases are severe, and the re-challenge was only done in minority (7 out of 28 patients) in the absence of further pericardial effusion (11). Our case series demonstrates that re-challenge is possible even in the case of recurrent pericarditis/pericardial effusion, provided it is not severe. This may potentially help avoid unnecessary discontinuation of life-saving ICI therapy in patients with mild pericardial disease, even if it recurs.

One limitation of our case series was that pericardial effusion cytology or pericardial biopsy were not performed on either patient, due to non-life-threatening nature of the pericardial effusions and rapid response to treatment.



Conclusion

Clinicians across disciplines should be aware of the rare but potentially life-threatening complication of ICI-related pericardial disease to enable prompt diagnosis and treatment. Rechallenge with ICI following resolution of pericardial disease on prior ICI treatment may be considered, but should be balanced with the usefulness of rechallenge, patient comorbidities and the risk of recurrent irAE. If relapses occur, secondary prevention of ICI-related pericardial disease can be considered with concomitant colchicine. Questions remain regarding the pathogenesis of irAE, optimal management of cardiac irAE and in what circumstances ICI may be resumed after irAE. Further prospective clinical trials are needed to address these gaps in our knowledge.
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Background: Erdheim–Chester disease (ECD) is a rare form of histiocytosis. An increasing number of genetic mutations have been associated with this syndrome, confirming its possible neoplastic origin. Recently, a connection between the BRAF mutational status and a specific phenotype was described; however, no studies have yet evaluated the correlations between other mutations and the clinical features of the disease.

Objectives: This study aims to clarify the association between the clinical phenotype and genetic mutations identified in the neoplastic cell lines of ECD.

Methods: We describe a case of ECD characterized by pericardial involvement and a KRAS mutation shared with chronic myelomonocytic leukemia. Hence, through a meta-analysis of individual participant data of all genetically and clinically described cases of ECD in the literature, we aimed to elucidate the association between its clinical phenotype and baseline genetic mutations.

Results: Of the 760 studies screened, our review included 133 articles published from 2012 to April 2021. We identified 311 ECD patients whose genotype and phenotype were described. We found five main genes (BRAF, KRAS, NRAS, PIK3CA, and MAP2K1) whose mutation was reported at least three times. Mutation of BRAF led to a neurological disease (183 of 273 patients, 67%; p < 0.001); KRAS- and NRAS-mutated patients mainly showed cutaneous (five of six patients, 83.3%, p < 0.004) and pleural (four of nine patients, 44%, p = 0.002) involvement, respectively; PIK3CA was not associated with specific organ involvement; and MAP2K1 mutations caused the disease to primarily involve the peritoneum and retroperitoneum (4 of 11, 36.4%, p = 0.01).

Conclusion: This work implies a possible influence of baseline mutation over the natural history of ECD, underscoring the importance of a thorough genetic analysis in all cases with the ultimate goal of identifying a possible targeted therapy for each patient.

KEYWORDS
Erdheim-Chester disease, constrictive pericarditis, genotype, phenotype, precision medicine, case-report


Introduction

Erdheim–Chester disease (ECD) is a rare non-Langerhans cell histiocytosis (1, 2), with less than 1,000 cases described so far (2). It is known that ECD affects multiple organs with a wide spectrum of clinical presentations, ranging from an asymptomatic to a life-threatening condition. The most common symptom is bone pain (50%) as bilateral symmetric osteosclerosis evaluated by 18F-fluorodeoxyglucose (18F-FDG) positron emission tomography/computed tomography (PET/CT) or technetium-99 m (Tc-99m) bone scan is considered a pathognomonic feature, reported by about 80–95% of patients (3, 4). The other organs often infiltrated are the skin (xanthelasmas), central nervous system (CNS; resulting in ataxia, dysarthria, cognitive impairment, headache, peripheral neuropathy, and, sometimes, mood lability), respiratory system, pituitary gland (mostly central diabetes insipidus), retroperitoneum (renal failure requiring dialysis), and retro-orbital tissue (exophthalmos, retro-orbital pain, oculomotor nerve palsy, or vision loss; 2–4). About 50–70% of patients with ECD exhibit cardiovascular involvement. The most common findings include pericardial infiltration and effusion, and right atrioventricular pseudotumor and peri-arterial sheathing, involving mainly the thoracic and abdominal aorta, renal vessels, and coronary arteries (2–4).

Supplementary Box 1 summarizes the multiorgan involvement in ECD and the potential “red flags.” An increasing number of genetic mutations have been associated with ECD. Specifically, recurrent activating mutations involving the mitogen-activated protein kinase and phosphatidylinositol 3-kinase (PI3K)-AKT pathways have been discovered. BRAF V600E is the most frequent mutation encountered (5), although other genes may be affected, such as NRAS, KRAS, PI3KCA, ARAF, MAP2K1, ALK, and NTRK1 (6–9).

These findings suggest that ECD is a clonal neoplastic disorder, and the most common signaling pathways involved could represent the first molecular targets in histiocytic disorders (7, 8, 10–12).

Last, an association between ECD and leukemic/myelodysplastic disorders that share most of the clonal mutations has been described (13), confirming the possible neoplastic origin probably due to a clonal hematopoiesis phenomenon (14–16).

In terms of clinical presentation, an association between the BRAF mutational status and cardiac, as well as neurological, disorders has been reported. Nevertheless, no studies have yet evaluated the correlations between other gene mutations and the specific ECD phenotype.

We report a case of constrictive pericarditis in a man with xanthelasmas and monocytosis; the final diagnosis was ECD associated with chronic myelomonocytic leukemia (CMML) harboring the same clonal mutation in the KRAS gene. Furthermore, we report the results of a meta-analysis of individual participant data (IPD) of all available ECD cases, aiming to elucidate the association between the ECD clinical phenotype and genetic mutations in neoplastic cell lines.



Case report

In the early 2000s, a 55-year-old man developed bilateral eyelid and thorax xanthelasmas (Figure 1A). The eyelid lesions relapsed rapidly after two surgical excisions.
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FIGURE 1
(A) Pictures of the xanthelasmas of the eyelid and thorax. Several yellowish plaque/papules on both upper and lower eyelids, cheeks (A1,A2), and anterior region of the thorax (A3). (B) Cardiac magnetic resonance images. Post-gadolinium T2-weighted sequences, showing a gadolinium-enhanced pericardial nodule (B1) and the pseudotumor of the right atrial roof (B2).


In 2011, blood tests revealed monocytosis, and in the following years, splenomegaly was detected. No further diagnostic or therapeutic approaches were applied due to the lack of systemic and specific organ symptoms, as well as blood test alterations.

In 2017, the patient underwent left pleurodesis due to left pleuritis after a series of ineffective conservative treatments. Bioptic and cytologic materials revealed non-specific inflammation.

The patient remained asymptomatic until October 2019, when he developed fatigue and breathlessness. An electrocardiogram demonstrated sinus tachycardia. Right pleural effusion was detected on chest X-ray. Echocardiography showed findings consistent with constrictive pericarditis; therefore, he was admitted to our cardiology unit.

Blood tests confirmed monocytosis with dysmorphic, broken, and vacuolated monocytes on a blood smear. In addition, anemia and elevated C-reactive protein were observed. Notably, despite the history of xanthelasmas, cholesterol levels were low without lipid-lowering therapy.

A chest CT scan detected nodular pleuro-pericardial lesions. Right heart catheterization and cardiac magnetic resonance (MR; Supplementary Video 1) confirmed the diagnosis of constrictive pericarditis. Furthermore, cardiac MR revealed right atrial posterior wall and pericardial thickening. It also confirmed nodular pericardial and pleural lesions showing hyperemia and edema in T2-weighted sequences (Figure 1B).

Given the multiorgan involvement, including the right atrium and pericardium, which are reported to be commonly affected in cardiac malignancies (17), we hypothesized a hematologic systemic disease. Specifically, the presence of xanthelasma, pleuro-pericardial involvement, and right atrial posterior wall thickening raised the suspicion of ECD.



Methods

To investigate the possible bone involvement, we performed a bilateral femoral X-ray and MR scan.

Subsequently, a whole-body 99mTc-3,3-diphosphono-1,2-propanodicarboxylic acid (99mTc-DPD) bone scintigraphy and 18F-FDG PET/TC were performed to evaluate disease extension and to guide a subsequent biopsy.

We performed blood tests to exclude endocrinopathy, namely, adrenal and pituitary involvement. The CNS was evaluated by a head MR scan. To demonstrate pulmonary, perivascular, and perinephric infiltrates, CT scans of the neck, chest, abdomen, and pelvis were acquired.

The presence of peripheral monocytes and splenomegaly led us to perform a bone marrow biopsy. To detect the typical components of histiocytic infiltrates, tissue was taken from the xanthelasmas of upper lateral and lower medial left eyelids, and a bone biopsy from regions with maximum osteosclerosis on the previous femoral MR.

Moreover, immunohistochemistry (IHC) was performed to evaluate the presence of the typical BRAF V600E mutation. Targeted capture next-generation sequencing (NGS) was executed to identify ECD-related mutations in the skin biopsy, blood plasma, and bone marrow. The panels used for genetic analysis, the genes specifically evaluated by these techniques, and methods used are reported in the section “Supplementary material.”

Last, we performed a meta-analysis of IPD of all ECD cases in the literature. Design and reporting were carried out according to PRISMA-IPD Statement (18) (Supplementary Tables 1, 2). Our methods are reported in the Supplementary material.



Results

Bilateral femoral X-ray and MR revealed osteosclerosis. In addition, MR images showed a symmetrical increase in the red bone marrow. On the other hand, both whole-body 99mTc-DPD scintigraphy and 18F- FDG PET/CT were negative for bone tracer uptake. 18F-FDG PET/CT showed bone marrow glucose uptake consistent with a myeloproliferative disease and there was a mild uptake by the known pleural and pericardial nodular lesions (19).

The head MR scan excluded CNS, pituitary, or retro-orbital involvement. The CT scans of the neck, chest, abdomen, and pelvis only showed marked splenomegaly, without any further sign of organ involvement. The hypothalamic–pituitary–adrenal axis and thyroid and sex hormones were within the normal range.

A right femur biopsy did not show any relevant histiocytic and/or inflammatory component. Conversely, the skin specimen presented diffuse histiocytic infiltrates, with histopathologic and immunohistochemical features, consistent with ECD (CD 68+, CD163+, S100-, and CD1a-; Supplementary Figures 1A, A1, A2, and A3).

The bone marrow biopsy showed a monocytic component (CD14+, CD68PGM1+, and CD163+) compatible with CMML, a rare myeloproliferative disorder (Supplementary Figures 1B, B1, B2, and B3).

Next-generation sequencing analysis of the skin biopsy, blood, and bone marrow, and immunofluorescence of the skin biopsy excluded the presence of typical BRAFV600E mutation but showed a clonal mutation involving KRAS gene (p. Gly12Asp, c.35G > A9), shared by both histiocytes and leukemic cells (Supplementary Figures 1A, A4, 1B, B4). Moreover, adjunctive mutations were reported on the peripheral blood and bone marrow, namely, ASXL1 (p. Leu815Pro), SETBP1 (p.Val1101Ile a), EZH2 (p.Asp185His), and TP53 (p.Pro72Arg).

The final diagnosis was ECD and concomitant chronic myelomonocytic leukemia with a shared clonal mutation.


Treatment and follow-up

A treatment with corticosteroid was started, and clinical conditions rapidly improved. A chest X-ray at 3 months showed the resolution of pleural effusion. Blood tests indicated a progressive increase in the blood cell count with no signs of inflammation markers. Cutaneous lesions showed a progressive reduction, leading to complete disappearance.

At the 6-month follow-up, the patient was completely asymptomatic. A cardiac MR scan demonstrated resolution of pericardial constriction (Supplementary Video 1), and neither hyperemia nor edema was observed at T2-weighted images. Similarly, a contrast-enhanced chest CT scan demonstrated complete resolution of pleuro-pericardial effusion and nodular lesions.



Meta-analysis of individual participant data

Of 760 studies screened, our review of the literature selected 133 articles. The first article included was published in September 2012, and it was the first molecularly characterized case report of ECD (20). In the end, we identified 311 ECD patients whose genotype and phenotype were described (flow diagram of IPD search). The major traits of ECD are summarized in Figure 2, which illustrates the main clinical and radiographic findings of ECD (Figure 2A), the clinical features of specific subgroups (Figure 2B), and the influences of the main mutation over clinical phenotypes (Figure 2C).
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FIGURE 2
(Central Illustration): (A) Main clinical and radiographic findings in ECD. (B) Clinical and radiographic findings in specific subgroups of ECD. Characteristics of the general adult population, the pediatric population, patients with associated hematologic disorder, in mixed histiocytosis and the respective most frequently associated genetic mutations reported in the literature. (C) Clinical and radiographic findings of ECD in patients with mutation of KRAS, MAP2K1, PIK3CA, NRAS, and BRAF. Note: In (B,C), clinical and radiological features of the specific subgroups were depicted transparent if they were never reported in the literature. Instead, they were reported with a blue halo if there was a statistically significant low frequency involvement; a white halo if there was a normal frequency involvement; and finally with a red halo if there was a statistically significant common involvement in the respective group.


We identified five main genes (BRAF, KRAS, NRAS, PIK3CA, and MAP2K1) whose mutation was reported at least three times in the literature. We merged all the others (Kit, JAK2, PDGFRA, ARAF, CSF1R, and FLT3-ITD) in the same group “other genes.”

BRAF was the most frequently mutated gene (Table 1). Its mutation is linked to neurological disease (67.9%), with one-third of the patients showing pituitary involvement, while in less than 10%, the pleura and peritoneum were affected (Tables 2, 3, and Figure 2C).


TABLE 1    General characteristics of Erdheim–Chester patients according to different genotypes.
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TABLE 2    Clinical characteristics of Erdheim–Chester patients according to different genotypes.
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TABLE 3    Specific cardiac and non-cardiac involvements of Erdheim–Chester patients according to different genotypes.
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KRAS mutation is closely related to the skin (both xanthelasma-like and nodular lesions). Furthermore, there was a lower incidence of bone tracer uptake at PET-FDG and bone scan (in case of bone involvement) and a higher frequency of concomitant hematologic neoplasia. The CNS, retroperitoneum, and mesentery were never affected. Finally, patients with KRAS-mutated ECD frequently showed multigene involvement (Tables 1–3 and Figure 2C). These features were also observed in our case report.

Erdheim–Chester disease patients carrying NRAS mutations did not present pericardial or pituitary disease but had a high frequency of pleural involvement (Tables 2, 3, and Figure 2C).

Patients with MAP2K1-mutated ECD showed more frequent abdominal involvement, with both peritoneal and retroperitoneal fibrosis and/or hairy kidney features. Moreover, they tended to show reticuloendothelial system involvement, and they never had xanthelasma lesions (Tables 2, 3, and Figure 2C).

PIK3CA mutation affected young patients without a specific organ involvement. Notably, the lung, skin, serosa, pituitary gland, and reticuloendothelial system were never affected (Tables 1–3 and Figure 2C).

Furthermore, we noticed peculiar characteristics of three different populations: pediatric individuals, patients with concomitant hematologic disease, and subjects with mixed histiocytosis (defined as the simultaneous presence of another histiocytic disease).

In pediatric patients, the most frequently mutated gene was BRAF. These patients frequently exhibited CNS involvement with a lower incidence of serosal and bone disease (with lower tracer uptake at PET-FDG or bone scan), while cardiovascular involvement and abdominal involvement were never observed (Supplementary Table 3 and Figure 2B).

Patients with an associated hematologic neoplasia are older, with a higher frequency of pulmonary, reticuloendothelial, and serosal manifestations, while CNS involvement is sporadic. Notably, subjects with KRAS or NRAS-mutated ECD frequently shared the genetic mutation between histiocytes and hematologic neoplasia (Supplementary Table 4 and Figure 2B).

Finally, patients with mixed histiocytosis showed clinical features similar to those of the conventional ECD cohort with, a higher incidence of skin involvement, such as papulonodular lesions (Supplementary Table 5 and Figure 2B).




Discussion

Our clinical case demonstrated that targeted therapy is driven by a precise diagnosis.

The goal of precision medicine is “to provide the best available care for each individual,” (21) and an accurate diagnostic approach is crucial to allow the best therapeutic option. This concept is pivotal in entities with a heterogeneous clinical presentation, such as ECD.

In fact, our clinical case differs from the classical presentation of this disease. The patient developed bilateral eyelid and thorax xanthelasmas, pleuritis, and constrictive pericarditis without typical ECD findings, such as tracer uptake on the bone scan or FDG-PET, CNS involvement, coated aorta, and the hairy kidney/retroperitoneal fibrosis, which usually raise the suspicion of ECD.

Furthermore, the hematologic neoplasm and the presence of histiocytes and leukemic cells of KRAS mutation were confounding factors in the diagnostic process.

Precision medicine means to match clinical, diagnostic, and genetic features of a disease. Therefore, to further promote the use of precision medicine and considering the growing body of evidence that ECD is a clonal hematopoietic disorder (3), we hypothesized that extremely variable clinical features may relate to the primitive mutations that generate neoplastic germlines. These germlines give birth to both histiocytic and, if present, hematologic neoplastic cells, and the baseline genetic mutations could greatly influence the clinical phenotype and the natural history of the disease.

To test this hypothesis, we performed an individual meta-analysis of all case reports and case series of patients with a diagnosis of ECD and known mutational status. The results of our work, which is the most comprehensive to date, support our hypothesis since each mutation demonstrated a trend toward organ-specific involvement.

Not surprisingly, the clinical features of our case matched with the results of our analysis since they could be explained by the KRAS mutated status and the concomitant hematologic neoplasm.

Our results, which help in the diagnostic process and promote a thorough genetic analysis of ECD, may have also a positive therapeutic and prognostic impact following a precision model of therapy for Mendelian disease, focused on treating the underlying mechanism using a genetic therapy.

This approach is increasingly used and continuously developing: BRAF and MEK/ERK inhibitors have been already used extensively in ECD (7, 8, 10–12), while others have been used in sporadic case reports. Moreover, a new molecule targeting KRAS has been successfully administrated for the first time in a phase I trial in lung cancer (4, 22) and has recently been approved by the Food and Drug Administration for therapeutic use (23). Our work suggests a possible influence of baseline mutation over the natural history of the disease, underscoring the importance of a thorough genetic analysis in all ECD cases with the ultimate goal of identifying a targeted therapy for each patient.



Study limitations

Our sample size is small (311 patients), except for BRAF, which had a small number of cases for other mutations. This is due to the rarity of this syndrome. Also, there is lack of systematic or thorough genetic analysis in all cases found in the literature, so a high number of patients could not be included in our study owing to the absence of a known mutation.

On the contrary, some studies were excluded because they did not provide the clinical phenotype of the study population, or because a clear link between the genotype and phenotype of individual patients was not always possible (i.e., aggregate data).

Since our meta-analysis focused only on those cases whose both genotype and clinical phenotype were available, confounding and selection bias cannot be excluded.

Finally, there was a risk of including low-quality articles or studies with heterogenous data. Nevertheless, data from individual patients retrieved from different articles were harmonized for statistical analysis, and the methodological quality of the studies was assessed using the method proposed by Murad et al. (see Supplementary material). Thus, of the 131 studies included, 106 and 27 showed good and moderate overall quality, respectively. No study revealed a low methodological quality.
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SUPPLEMENTARY FIGURE 1
(A) Biopsy of the eyelid. Images of hematoxylin-eosin stain (A1), CD 68 (A2), and CD163 (A3) immunohistochemistry. The illustrations show foamy, CD68+ and CD163+ histiocytes, typical of Erdheim-Chester disease. In the last image (A4), demonstration of a KRAS exon 2 mutation (p.Gly12Asp) by NGS (S5 Gene Studio) in the specimen. (B) Biopsy of the bone marrow (BM). Images of hematoxylin-eosin (B1), and May–Grünwald (B2) stain and CD14 immunohistochemistry (B3). The illustrations show granulocytic proliferation in an hypercellular bone marrow, with monocytes (CD14+), erythroid precursors and abundant hypolobulated and small megakaryocytes, suggestive of chronic myelomonocytic leukemia. The last image (B4) shows the detection by NGS (S5 Gene Studio) in both BM and peripheral blood of the same KRAS mutation already detected in the eyelid specimen.

SUPPLEMENTARY VIDEO 1
In the video frames real T1 cine sequences showing evident respiratory shift of the interventricular septum due to enhanced ventricular interdependence, which completely resolves at follow-up.
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Case report: A primary calcified cardiac mass in right atrium partially obstructs the tricuspid valve in a patient on hemodialysis
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Primary cardiac calcification is a rare benign mass in patients with end-stage renal disease. A few cases have been reported in the literatures. In this case study, during a routine checkup for hemodialysis, a transthoracic echocardiography on a 19-year-old male showed a cardiac mass in the right atrium that was partially obstructing the tricuspid valve. Cardiac magnetic resonance imaging showed a well-circumscribed, homogeneous “shadow” in the right atrium; it measured 29 × 27 mm, had equal T1- and T2-weighted signal intensities, and was adjacent to the tricuspid valve. According to 18F-fluorodeoxyglucose positron emission tomography combined with computed tomography, there was a dense circular shadow in the right atrium abutting the tricuspid valve, but there was no increase in glucose metabolism. Median sternotomy was performed for the surgical resection of the mass, and a cardiopulmonary bypass was completed. The mass was completely removed. The patient recovered well and was discharged 10 days after the surgery. Histological examination showed that the mass contained multiple calcified nodules. No mass recurrence was found by echocardiography during the 12th-month follow-up.
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Introduction

Most primary cardiac tumors are myxomas, lipomas, and fibroelastomas, of which calcification is found in cardiac myxoma, thrombosis, and osteosarcoma, respectively (1, 2). A cardiac calcified amorphous tumor (CCAT), a rare non-neoplastic intracavitary cardiac tumor, is characterized by calcification deposits in an amorphous background with fibrin materials and focal inflammation (3). Solely calcified cardiac masses without inflammation are extremely rare non-neoplastic cardiac masses that mimic malignancy on imaging. In particular, calcified cardiac masses are highly unusual in patients with end-stage renal disease (ESRD) who are on hemodialysis. Herein, a rare case of an atypical cardiac calcified mass partially obstructing the tricuspid valve in a patient on hemodialysis is presented.



Case presentation

A 19-year-old male was referred to our hospital because a cardiac mass in the right atrium was detected by transthoracic echocardiography (TEE). The patient presented with cough and resting dyspnea and had a history of hypertension and ESRD, requiring hemodialysis for 2 years and hyperparathyroidism for 1 year. Two years ago, the urine culture was positive for C.parapsilosis, and then the fluconazole had been administrated until the urine culture was negative. Nephrotic syndrome and uremia of chronic kidney failure (CKD) were diagnosed by a kidney biopsy due to nocturia and elevated creatinine. Hemodialysis was being performed three times a week. An arteriovenous fistula was performed without central venous catheterization in the left upper extremity 1 year ago to improve the routine hemodialysis. Physical examination showed a normal temperature, 123/78 mmHg blood pressure, and 105 bpm heart rate. There was no cardiac murmur or family history of cardiovascular disease. Mild edema was found in the lower limb. Creatine was 1,015 μmol/L, N-terminal pro-B-type natriuretic peptide was 1,796 pg/ml, hemoglobin was 112 g/L, and parathyroid hormone level was above 2,000 pmmol/L. Laboratory data revealed a calcium level of 2.37 mmol/L and phosphorus level of 2.36 mmol/L. The other laboratory test results were normal.

Electrocardiography showed sinus tachycardia. TTE detected the cardiac mass (30 x 28 mm) in right atrium. The LVEF was 39% and FS was 19. The anterior tricuspid valve was partially obstructed by the mass, but the flow velocity of tricuspid valve did not accelerate (Figure 1). Cardiac magnetic resonance imaging (cMRI) showed that a well-circumscribed, homogenous “shadow” in the right atrium; it measured 29 mm × 27 mm, had equal T1- and T2-weighted signal intensities, was adjacent to the tricuspid valve (Figure 2). According to 18F-fluorodeoxyglucose (FDG) positron emission tomography combined with computed tomography (PET–CT), a dense circular shadow was in the right atrium abutting the tricuspid valve (32 × 34 mm). There was no increase in glucose metabolism, and the tumor was considered benign (Figure 3). There was no calcium deposited in the coronary arteries or other organs. The initial clinical diagnosis was a right atrial myxoma or fibroelastoma. Median sternotomy was performed to remove the mass and eliminate the obstruction of the tricuspid valve. A cardiopulmonary bypass was conducted using ascending aortic and superior and inferior vena cava cannulation. Without cardiac arrest, the right atrium was opened, and the mass, with a firm-hard texture, was confirmed to be partially embedded in the right atrium (Figure 4A). It was removed together with the implantation base. Histopathological examination revealed that the mass consisted of abundant calcific deposits without malignant cells (Figure 4B). The patient's postoperative course was uneventful, involving only three-times-a-week hemodialysis. The postoperative echocardiography showed that the LVEF was 55% and there was no residual of the mass. The patient was found to have recovered well and without recurrence at the 12th-month follow-up.


[image: Figure 1]
FIGURE 1
 Transthoracic echocardiography showed the cardiac mass (30 mm x 28 mm) located in the right atrium and the anterior tricuspid valve was partially obstructed by the mass but the flow velocity of tricuspid valve did not accelerate. (RA, right atrium; RV, right ventricle; TV, tricuspid valve).
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FIGURE 2
 (A,B) The cardiac magnetic resonance imaging showed that showed that a well-circumscribed, homogenous “shadow” in the right atrium; it measured 29 mm × 27 mm, had equal T1- and T2-weighted signal intensities, was adjacent to the tricuspid valve.
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FIGURE 3
 (A,B) The 18F-fluorodeoxyglucose positron emission tomography combined with computed tomography showed that a dense circular shadow was in the right atrium abutting the tricuspid valve (32 × 34 mm), and there was no increase in glucose metabolism.
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FIGURE 4
 (A) The intraoperative image showed that the mass, with a firm-hard texture, was confirmed to be partially embedded in the right atrium. (B) The histopathological examination revealed that the mass consisted of abundant calcific deposits without malignant cells.




Discussion and conclusion

Primary cardiac tumors with calcification occur in cardiac myxoma, thrombosis, and osteosarcoma, among others. A CCAT is characterized by a calcified nodule in an amorphous background with fibrous degeneration and focal inflammation (3). Solely calcified cardiac mass without thrombus or inflammation are extremely rare (4). A past study showed that inflammation does not occur in CCATs in non-ESRD (5). This is consistent with our findings: the mass consisted only of abundant calcific deposits. The novelty of our case is that the mass presented in a patient with ESRD who was on hemodialysis.

The etiology of the CCATs is unknown (6), but some cases are associated with the hemodialysis in ESED (7–11). Metabolic disorders of calcium and phosphorus, which are common comorbidities among patients with CKD requiring hemodialysis, may result in calcification deposits in the mass, vascular calcification, and calciphylaxis (12–14). Hyperparathyroidism is the main comorbidity of CKD, especially among patients requiring hemodialysis (15). As a result, metabolic disorders of calcium and phosphorus may result in calcium deposition in the vascular system via the disruption and alteration of the calcium regulatory mechanisms (16). Our study presents an extremely rare case: a calcified right atrial mass in a patient with ESED and hyperparathyroidism who was on hemodialysis.

Categorization of the symptoms depends on their location, obstruction, or embolization. Most patients are asymptomatic, and symptoms include shortness of breath, syncope (17), stroke (18), and central retinal arterial occlusion (6). In our case, cough, resting dyspnea, and lower limb edema were presented, which may have been related to low partially obstruction of the tricuspid valve and uremia. Calcified primary cardiac tumors have been found in all four chambers, usually in the mitral valve and annulus (7, 19, 20). CCATs presented most frequently in the right atrium and ventricle in non-ERSD patients, whereas CCTAs in the mitral annulus are significantly more common in patients with ESRD than in patients without ESRD (19). By contrast, the present study shows an exceptional case where a calcified cardiac mass is presented in the right atrium abutting the tricuspid valve in a ESRD on hemodialysis.

Appropriate screening imaging modalities for cardiac mass include echocardiography, computed tomography (CT), cMRI, and PET-CT; they can be used to make differential diagnoses among myxomas, fibroelastomas, thrombi, and among others. All of these can eliminate the problem of differential diagnoses (4). Although PET-CT and FDG uptake can provide valuable information about inflammation for the differential diagnoses (5), histopathology is still needed to make a final diagnosis, especially for CCATs. In the current study, a clinial diagnosis of a benign tumor was made, based on the cMRI, echocardiographic, and PET-CT findings. If a patient presents with symptoms caused by a mass or in cases where the histopathology is uncertain in relation to the tumor, surgical resection should be performed to alleviate the symptoms, reduce the risks, and clarify the nature of the mass.

In conclusion, CCAT is a rare non-neoplastic primary cardiac tumor characterized by calcification deposits with fibrin materials and inflammation. Solely calcified cardiac masses without inflammation are an exceptional subtype of CCATs. Abnormal calcium metabolism due to renal dysfunction and the inflammation associated with hemodialysis may contribute to the occurrence of the CCATs. Conventional imaging modalities, such as TTE, CT, and cMRI cannot specifically define the CCATs. Surgical resection is an appropriate measure for relieving symptoms, reducing the risks, and clarifying the pathological diagnoses of patients with CCATs.
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Syncope may have many different causes, requiring careful identification. Recurrent syncope is uncommon as an initial symptom of neck lymphoma. Head and neck tumors involving the carotid artery cause syncope associate with carotid sinus syndrome. We report the case of a 72-year-old man who suffered from recurrent syncope due to compression of the right carotid sinus by diffuse large B-cell lymphoma and was successfully treated with immunochemotherapy. Syncope may be an early or sole sign of a neck or head tumor. We should be aware of the possibility of an underlying malignancy in patients with unexplained syncope after initial evaluation.
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Introduction

Syncope is defined as a transient loss of consciousness due to cerebral hypoperfusion, characterized by a rapid onset, short duration, and spontaneous complete recovery (1). The pathophysiological mechanism is a fall in systemic blood pressure, which is caused by low total peripheral resistance, low cardiac output, or both. For patients with recurrent syncope, diagnosis and treatment are urgently required. While etiology may be broad, syncope resulting from head and neck malignancy is rare. We describe a patient with recurrent syncope due to neck lymphoma causing compression of the carotid sinus who was successfully treated with immunochemotherapy.



Case presentation

A 72-year-old man was admitted to our hospital with recurrent syncope over the past month. Syncope occurred while sitting, standing, or walking, with prodromes such as dizziness and palpitations. The syncope lasted 1 to 3 min. The patient developed persistent post-auricular and occipital pain in the morning. When the pain was at its peak, syncope was induced. A new, non-tender neck mass demonstrating progressive enlargement was observed. The patient had an occasional choking cough and dysphagia but no dyspnea. The patient did not complain any chest pain, exertional dyspnea or palpitation. The patient had a history of hyperthyroidism, but after that he take thyroxine tablet because of hypothyroidism. He had a history of smoking for 40 years and a family history of coronary atherosclerotic heart disease. In the physical examination, a soft mass with no tenderness was palpable in the right neck, which was misdiagnosed as an enlarged thyroid gland. Meanwhile, an enlarged lymph node (5 cm of max diameter) was palpable in the left inguinal region, with poor mobility and no tenderness. The cardiopulmonary physical examination was normal. During hospitalization, there were many episodes of syncope. Continuous tracking with a Holter monitor captured one episode of syncope, which occurred with sinus rhythm and a heart rate of 70 beats per minute. Transthoracic echocardiography showed impaired relaxation (mitral E/A ratio, 0.8) with left atrial enlargement and normal systolic function. A 2-h electroencephalogram showed that there was no epileptic seizure during the episode of syncope. Neuroimaging with computed tomography (CT) and magnetic resonance angiography were normal. Carotid artery ultrasonography revealed atherosclerotic plaques in bilateral carotid arteries with no stenosis. Considering the risk of carotid plaque embolization, carotid sinus massage was not performed. Supine and standing blood pressure measurements were not accompanied by any abnormal decrease in blood pressure. An upright tilt-table test was then performed, showing a decrease in arterial blood pressure (>20 mmHg) that reproduced syncope for a duration of 20 s without any change in heart rate, consistent with reflex syncope of the vasodepressor type.

Neck ultrasonography showed a hypo-echoic region with abundant blood flow in the lower middle part of the right neck, approximately 9.0 cm × 8.2 cm × 4.4 cm, surrounding the right common carotid artery, which had normal internal blood flow (Figure 1A). Positron emission tomography (PET)/CT showed a large soft tissue mass in the right neck, approximately 8.6 cm × 5.0 cm × 11.0 cm, surrounding the adjacent large vessels (Figure 1B). The mass had a non-uniform increase in radioactive uptake, with a maximum standard uptake value (SUVmax) of 59.1. Lymph nodes in the right neck (SUVmax, 30.6), in the left hilar and mediastinal regions (SUVmax, 5.3–48.6), and along the left external iliac vessels and bilateral inguinal vessels (especially left inguinal) (SUVmax 2.3–43.2) demonstrated increased metabolism. Due to the high bleeding risk of the right neck mass, the left inguinal lymph node was biopsied instead. Histopathological examination showed highly invasive B-cell lymphoma with a morphology consistent with diffuse large B-cell lymphoma (Figure 2).


[image: image]

FIGURE 1
Features of the tumor. (A) Right neck ultrasonography shows a hypo-echoic region with abundant blood flow surrounding the right common carotid artery, which has normal internal blood flow. White arrow indicates the right common carotid artery. (B) The trunk positron emission tomography/computed tomography shows a large mass in the right neck surrounding the adjacent large vessels, which had a non-uniform increase in radioactive uptake. Red arrow indicates the tumor.
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FIGURE 2
Left inguinal lymph node biopsy shows diffuse large B-cell lymphoma. (A) Large, round, or ovoid tumor cells are seen, with some cells having an irregularly shaped nuclear membrane. Single large or multiple small nucleoli can be seen in the tumor cells, and nuclear division is more common (H and E, × 200). (B) Immunohistochemistry stain of CD 20 shows the tumor cells were uniformly and strongly positive (× 200). (C) Immunohistochemistry stain of CD 3 shows the tumor cells are negative, but the T lymphocytes in the background are positive (× 200). Black arrow indicates the tumor cell. White arrow indicates the T lymphocyte.


The patient was referred to the hematology department for further treatment. After the assessment of the involved site, he was diagnosed as having diffuse large B-cell lymphoma (Ann Arbor stage, IV; International Prognostic index, 2) and secondary carotid sinus syndrome (CSS). He received immunochemotherapy, i.e., rituximab (600 mg), plus cyclophosphamide (1.2 g), doxorubicin (60 mg), vincristine (4 mg), and prednisone (100 mg/day × 5 day) (R-CHOP). After four cycles of R-CHOP immunochemotherapy, PET/CT revealed that the original large mass in the neck had disappeared (Figure 3). The patient no longer complained of either syncope or pain from the post-auricular and occipital regions. Choking when eating was also relieved (Table 1).


[image: image]

FIGURE 3
The trunk positron emission tomography/computed tomography shows significant shrinkage of the original large mass in the right neck after four cycles of immunochemotherapy. (A) After immunochemotherapy for four cycles. (B) Before the immunochemotherapy. Red arrow indicates the tumor.



TABLE 1    Time line.
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Discussion

Carotid sinus syndrome has a prevalence of 8.8% in patients aged 40 years and above with unexplained syncope after the initial evaluation (2). CSS is associated with many types of space-occupying lesions of the head and neck (3–7). Head and neck malignancy was reported as being the most frequent malignancy associated with syncope. All previously reported cases had carotid sinus compression or infiltration. Our patient, whose right carotid sinus was surrounded by neck lymphoma, presented with recurrent episodes of syncope as the initial symptom.

The pathophysiological mechanisms involved in syncope-associated CSS are complex (6). The carotid baroreceptor, located at the bifurcation of the carotid artery, is sensitive to mechanical pressure. When the arterial wall is stretched by a tumor, information is transmitted by the carotid sinus nerve to the brainstem centers in the caudal nucleus of the solitary tract. Interneurons activate the efferent pathways, resulting in the stimulation of the parasympathetic system and inhibition of the sympathetic system, which leads to a decrease in blood pressure and heart rate. Two hypotheses have been proposed to explain the association between syncope and neck lymphoma (4, 8): first, the lymphoma may invade the carotid sinus and cause direct compression, or invade the glossopharyngeal nerve, resulting in increased activity in the reflex arc; second, syncope may present as autonomic failure, similar to other B-cell lymphoma symptoms. Our patient had a large mass in the right neck surrounding the right common carotid artery that was the probable cause of syncope. The precipitating factor may be head movements. However, in clinical practice, obtaining a clear history of carotid sinus stimulation is challenging. Claassen et al. (9) reported that a turn of the head to look sideways can contribute to syncope in a healthy 70-year-old woman for the first time. In this case, we didn’t see a clear-cut relationship between head movements and symptom episodes, such as syncope caused by the head tilting to the right side, or cessation of syncope resulting from the head turning to the left side. Although a history of syncope following mechanical manipulation of the carotid sinuses is important, the absence of history does not exclude CSS.

In this case, considering the risk of carotid plaque embolization, carotid sinus massage was not performed. The current European Society of Cardiology guidelines recommend that carotid sinus massage should be avoided in patients with prior transient ischemic attack, stroke or carotid stenosis >70%, seeking to minimize neurological complications. Data was limited about the risk of neurological complications caused by carotid sinus massage in patients with carotid plaque or carotid atherosclerosis. In two prospective study with excluding patients with carotid stenosis or history of stoke, the incidence of neurological complications is low. In a prospective series of 1,000 consecutive patients aged 50 or over, only 1% had neurological symptoms during or after carotid sinus massage, such as visual disturbance, sensation of numbness, or leg weakness (10). Most complications were transient, only 0.1% patients had persistent neurological complications. Subsequently, in a prospective study with 1,401 patients (49.5% aged 80 or over), there were no neurological complications occurred during or after carotid sinus massage (11). Although the incidence of neurological complications is low, given the severity of stroke, we should inform the risk-benefit analysis when consenting patients. Therefore, carotid sinus massage should be recommended in patients with high clinical suspicion of carotid sinus syndrome after informing the risk-benefit analysis, regardless of carotid atherosclerosis, but not in patients with carotid stenosis. However, syncope associated with head and neck malignancy is often not reproducible with carotid sinus massage (7).

Additionally, our patient had persistent pain from the post-auricular region to the occipital region, which could have induced syncope. Some case reports described glossopharyngeal neuralgia, a cause of syncope in the head-and-neck tumor patient, characterized by acute unilateral head or neck pain preceding each syncopal episode (12, 13). The syncope produced by glossopharyngeal neuralgia is not completely understood. In our patient, the major mechanism may involve invasion of the glossopharyngeal nerve by malignancy (14). With glossopharyngeal afferent impulses precipitated by mechanical touch, swallowing, or taste in the posterior oropharynx, spillover impulses into the glossopharyngeal reflex arc would result in symptomatic syncope.

Management depends on the type of syncope and its cause. Syncope in patients with head and neck tumors, frequently due to vaso-depression, is under-recognized as in our case (8). Cardiac pacing rarely ameliorates these symptoms. Head and neck tumor debulking and other tumor-targeted treatments may be the best options for relieving syncope. Our patient had no further episodes of syncope after immunochemotherapy for the lymphoma. Similarly, most of the previously reported lymphoma cases also described the successful treatment of syncope after chemotherapy. Symptoms can rapidly respond to treatment of the underlying tumor. In cases with glossopharyngeal neuralgia, antiepileptic drugs or surgical resection of the glossopharyngeal nerve may be an option.



Conclusion

In conclusion, we report a case of neck lymphoma with recurrent syncope as the initial symptom that was successfully relieved by immunochemotherapy. Syncope may be an early or sole sign of neck or head tumor. Hence, we should be aware of the possibility of an underlying malignancy in patients with unexplained syncope after initial evaluation. The diagnostic approach for syncope should include a complete medical history—particularly for tumors—and a detailed physical examination of the head and neck.
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A 37-year-old female patient presented with shortness of breath, cough, and chest pain complaints from the 12th week of her first pregnancy. At the 28th week, labor induction had to be performed because of severe dyspnea and hyoxemia. Thereafter, a diffused pulmonary embolism was detected by echocardiography and CT angiography, without histological diagnosis. Pulmonary endarterectomy was performed, and it was found during operation that a huge, lobular mass originated in the posterior wall and extended throughout the vasculature of both lungs, and a mucinous pellicle covered the entire pulmonary endothelium. Pathology revealed a low-grade myxofibrosarcoma with positive vimentin and SMA, partially positive CD-34.




Keywords: pulmonary embolism, low-grade myxofibrosarcoma, pregnancy, operation, ECMO - extracorporeal membrane oxygenation



Introduction

Low-grade myxofibrosarcoma (LGMFS) is a low-grade malignant mesenchymal tumor, which usually arises in the extremities of 60–80-year-old patients and rarely originates in the pulmonary artery of young patients. Thereby, it is often misdiagnosed as chronic pulmonary thromboembolism. Furthermore, surgical operation for these patients is still a challenge. Here, we report a rather rare case with incidence of LGMFS during pregnancy.



Case report

A 37-year-old female patient presented with shortness of breath, cough, and chest pain complaints from the 12th week of her first pregnancy. However, no special examination or treatment was performed. Thereafter, these symptoms were gradually worsened. At the 28th week of pregnancy, labor induction had to be performed because of severe dyspnea and hyoxemia. Two weeks later, she was admitted to our hospital for continually aggravated symptoms. She reported an apparent distress at rest but no syncope, palpitations, lower-extremity edema, weight loss, fever, rashes, or arthritis. There was a history of hysteromyoma defined by transvaginal ultrasound but no history of tobacco, estrogen, appetite suppressant, or illicit drug use, deep-venous thrombosis, or familial pulmonary hypertension or thromboembolic disease. No positive sign was found in physical examination.

Chest radiography showed patchy alveolar opacities in both lower lobes, right-ventricular enlargement, and prominent central pulmonary artery. Echocardiography revealed a lobulated mass occupying attached by a pedicle to the posterior wall of the main pulmonary artery, a right-ventricular enlargement with an estimated pulmonary artery systolic pressure of 79 mmHg and normal left ventricular size and function. Subsequently, diffuse pulmonary embolism was detected by CT angiography (Figure 1). Electrocardiography (ECG) evidenced Wolff–Parkinson–White syndrome. Lower-extremity duplex ultrasonography was negative. Laboratory analysis results showed white blood cell count (WBC) 13.66 KU/l, erythrocyte sedimentation rate (ESR) 66 mm/h, C-reactive protein (CRP) 86.3 mg/l, and D-dimer 1,378 μg/l. Moreover, cancer antigen (CA)-125, CA-15-3, CA-19-9, and carcinoembryonic antigen (CEA) results were normal.




Figure 1 | Preoperative echocardiography demonstrated a large lobulated mass (arrows) attached by a pedicle to the posterior wall of pulmonary truck. Transverse CT angiogram revealed a diffused occlusion of both pulmonary arteries (arrows).



The operation was performed at undiagnosed conditions, due to severe dyspnea and hyoxemia. Femoral cannulation of cardiopulmonary bypass (CPB) was performed for preparation of possible ECMO. When the pulmonary trunk was incised, it was found that a huge, lobular mass originated in the posterior wall and extended throughout the vasculature of both lungs, and a mucinous pellicle covered the entire pulmonary endothelium (Figure 2). Because the tumor has invaded into subsegmental and distal arteries, it was impossible for a complete resection. Deep hypothermic circulatory arrest (DHCA) was used for better exposure to resect more tumor tissue in distal pulmonary arteries. The patient suffered from a severe pneumorrhagia, immediately following aortic cross-clamp opening. Therefore, it was difficult for withdrawal of CPB and the patient had to undergo ECMO support. Seven and 10 days after operation, ECMO and tracheal intubation were removed, respectively. Pathology revealed a LGMFS with positive vimentin and SMA, partially positive CD-34, and negative CK-3, CK-5, desmin, and s-100. HE staining showed that spindle cells proliferated and were crowded, with myxoid stroma around them. The percentage of Ki-67-positive cells was about 30% (Figure 3). A subtotal resection was confirmed by postoperative CT angiography and echocardiography (Figure 4). Twenty-two days postoperatively, the patient was discharged with a good recovery, followed by chemotherapy (pazopanib) and lung radiotherapy. Two years after operation, the patient reported that she had no obvious respiratory symptoms, but unfortunately refused CT or echocardiography examination, and thereafter was lost to follow-up due to poor compliance.




Figure 2 | It is proved during operation that a huge, lobular mass originated in the pulmonary trunk, diffuse growth into both pulmonary arteries was observed, and the entire pulmonary endothelium was covered by a thin mucinous pellicle.






Figure 3 | HE, anti-vimentin, SMA, CD-34, CK-3, CK-5, desmin and s-100 immunohistochemistry staining was performed to identify LGMFS.






Figure 4 | Postoperative echocardiography and transverse CT angiogram showed that most tumor tissue of both lungs has been resected with a little residual occlusion.





Discussion

Pulmonary thromboembolism is a common complication after pregnancy (1). The patient had similar medical histories and significantly increased D-dimer, which supported that diagnosis. However, echocardiography found a lobulated mass occupying in the pulmonary trunk, increasing three probabilities of diagnosis, namely, benign myxoma, malignant sarcoma, and myxoma combined with thromboembolism. In addition, uterine leiomyosarcoma cannot be also excluded, due to a past history of hysteromyoma. In CT scan views, however, there is no a significant wall eclipsing sign as described by Gan et al. (2), no contrast enhancement of the mass and extravascular spread of the lesion as described by Scheffel et al. (3), or no other characteristic signs of malignant sarcoma. Therefore, the diagnosis was rather confused before operation.

Because of the similar clinical presentations and no specific biomarker, it is very difficult to differentiate pulmonary artery tumor and thromboembolism without histological diagnosis, which is often impossible preoperatively (2), so that most pulmonary artery tumor patients were misdiagnosed with thromboembolism before surgical intervention, consequently receiving inappropriate therapeutic strategies such as long-term anticoagulant treatment (2, 3). Therefore, regardless of whether it is benign or malignant, it is suggested that the patients with a severe pulmonary embolism should undergo operation (4, 5). This is because the median survival of time of untreated patients after diagnosis of malignant tumor is only several months (range 1.5–5.5 months) (6, 7), which can be significantly increased by surgical treatment, even to 5–10 years reported by Tavora et al. (8).

Due to better prognosis in patients with complete resections than incomplete resections (8), it is advocated that DHCA should be used to for a clear exposure for a more complete resection of LGMFS in distal pulmonary arteries. The pulmonary artery hypertension from chronic embolism and endothelial injury from surgical procedure severely damages heart and lung function, which usually needs ECMO support (9). Thus, femoral cannulation is a reasonable choice, fulfilling a direct conversion from CPB to ECMO without re-cannulating. It is suggested that chemotherapy and lung radiotherapy were performed after surgical resection to prevent recurrence, although the role of these methods is still controversial and the outcome is uncertain (10, 11).

It has been reported that vimentin and SMA are used for identification of myxofibrosarcoma. In this patient, besides the tumor cells being vimentin and SMA positive, these cells partially expressed CD-34, perhaps representing a novel myxofibrosarcoma cell line or suggesting a conversion from myxofibrosarcoma cells to endothelial cells. Similar reports are absent.
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Primary cardiac lymphomas (PCLs) are extremely rare and affect the heart. Patients with PCLs usually have delayed diagnosis and treatment. As a consequence, their prognosis is quite unfavorable, and their median survival is approximately 7 months. Herein, we report a 64-year-old man who underwent liver transplantation, presented with chest pain and exertional dyspnea, developed a huge cardiac mass within 2 months and passed away on day 3 of hospitalization. Histological examination revealed diffuse large B-cell lymphoma (DLBCL), which is a rare cardiac tumor with a poor prognosis. In this case, DLBCL was only detected postmortem. The extension of the mass and its relationship with the heart were explored with non-invasive cardiac imaging. Despite the rarity of DLBCL, it should be considered in the differential diagnosis of cardiac tumors.
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Introduction

Primary cardiac lymphomas (PCLs) are an extremely rare type of non-Hodgkin’s lymphoma (NHL) and account for less than 0.01% of all heart tumors (1). PCLs originate in the heart or pericardium and are often diagnosed postmortem (2).

PCLs are frequently observed in immunosuppressed patients (3). The right heart is more susceptible than the left heart (4), and the presentation of patients can be diverse, including congestive heart failure, cardiac tamponade, pericardial effusions, and even death (4). Diffuse large B-cell lymphoma (DLBCL) is the most common pathological of PCLs. Here, we present a case of PCL diagnosed in a subject who passed away on day 3 of hospitalization. This case will enhance the concept that differential diagnosis of cardiac tumors should be considered in clinical practice.



Case description

As shown in Table 1, a 64-year-old man presented with progressive atypical chest pain and exertional shortness of breath for 2 months. He had a history of liver cancer in 2010 and had undergone liver transplantation. Since then, he had regularly consumed immunosuppressive drugs. In addition, he was diagnosed with hypertension 2 years ago and paroxysmal atrial fibrillation 0.5 years before. He underwent transthoracic echocardiography (TTE), coronary artery computed tomography, left ventriculography, and coronary angiography (data not shown) in another hospital 2 months before the current hospitalization. No remarkable abnormality was found.


Table 1 | Timeline of the case: The crucial events in this case.



No other substantial medical history was reported, and his medication list was as follows: 150 mg/day of irbesartan, 15 mg/day of rivaroxaban, 200 mg/day of amiodarone, and 1 mg/day of tacrolimus. The patient was referred to our hospital for further comprehensive examination due to progressive chest tightness. He denied pleuritic chest pain and had no reports of cough, sputum production, fever, or night sweats.

He had a regular rhythm at a rate of 67 bpm, normal blood pressure (114/80 mmHg), a respiratory rate within normal limits (16 breaths/min), oxygen saturation of 97% in room air, and tympanic temperature of 36.5°C. No remarkable murmur was found in cardiac auscultation. Respiratory and abdominal examinations had no positive findings.

His N-terminal pro-B-type natriuretic peptide (NT-proBNP) concentration was 9,100 pg/ml with a normal renal function. His arterial blood gas test indicated 76 and 30.6 mmHg of PaO2 and PaCO2, respectively. C-reactive protein increased to 81.8 mg/L (normal value of <5), and his erythrocyte sedimentation rate was 36 mm/h (normal values of 0–15). Hepatitis B surface antigen (HbsAg) and hepatitis B core antibody (HbcAb) were positive. HBV DNA was 4.37 × 104 (<1 × 102), and CA125 was 51.13 U/ml (normal value of <35). His anti-HIV test result was negative. He was diagnosed with acute heart failure because of the high NT-proBNP level, and a negative clinical response was obtained with the intravenously administered diuretic.

On day 2 of hospitalization, TTE and transesophageal echocardiography (TEE) showed a mass measuring 62 mm × 39 mm originating from the right atrium and right ventricle (Figure 1). It was a lobulated, poorly mobile mass that partially occupied the right atrium and partly occupied and occluded the tricuspid, hampering the blood flow to the right ventricle, even though a chest CT scan showed no mass in the right heart 2 months before (Figure 2A). In the following magnetic resonance imaging (MRI), the visualization of the mass and its extension improved, demonstrating a large poorly mobile heterogeneous mass obliterating the right atrium cavity. It also revealed the mass infiltration of the surrounding myocardium, with mild pericardial and pleural effusion (Figures 2B,C). Myocardial contrast echocardiography and left ventricular opacification revealed that a large filling defect invaded the anterior wall of the right atrium and right ventricle (Figures 2D-F). The patient was then subjected to a lymph node biopsy to examine the mass.




Figure 1 | Echocardiography progression of the patient. (A) The patient underwent echocardiography 2 months prior to the present hospitalization, and no remarkable abnormality was revealed. (B, C) Regular TTE and myocardial contrast echocardiography showing tumor extending from the right atrium to the right ventricle through the tricuspid valve. LA, left atrium; LV, left ventricle; RA, right atrium; RV, right ventricle; Ao, aorta; RVOT, right ventricular outflow tract; PLAX, parasternal long axis; PSAX, parasternal short axis; AV, aortic valve.






Figure 2 | Multimodality medical imaging diagnosis and histopathological examination of the mass. (A) Computed tomography obtained 2 months before showed no mass in the right heart. (B, C) Cine MRI demonstrated a large infiltrating mass extending in the right atrium and ventricle, occupying most of the right atrium. (D–F) Left ventricular opacification, TEE, and 3D ultrasonic imaging of the morphological feature of the mass. (G–O) Histological examination of the lymph node, H&E, CD20, BCL6, CD3, CD5, MUM1, CD10, CD30, and c-Myc, (P) EBV infection was identified using in situ hybridization (ISH) for the detection of EBV-encoded small RNA (EBER) EBER staining. IVS, interventricular septum; TEE, transesophageal echocardiography; EBV, Epstein–Barr virus.



Unfortunately, on day 3, before his chest contrast-enhanced computed tomography artery scan was scheduled, he passed away because of hemodynamic collapse. The tissue collected from the lymph node showed a diffuse infiltrate consisting predominantly of large atypical lymphoid cells (Figure 2G) and blasts of B-cell lineage (CD20, B-cell marker) (Figure 2H); other immunohistochemical pictures, such as BCL6, CD3, CD5, MUM1, CD10, CD30, and c-Myc, were all negative (Figures 2I-O). The presence of Epstein–Barr virus (EBV) infection was identified using in situ hybridization (ISH) for the detection of EBV-encoded small RNA (EBER) in biopsy tissue samples, which was negative as well (Figure 2P). A diagnosis of DLBCL was made (Figures 2G-I). In this case, standard biosecurity and institutional safety procedures have been followed.



Discussion

Our patient is an extremely rare case with a cardiac mass who passed away within 3 days and was diagnosed with PCL postmortem. PCLs are rare cardiac neoplasms that are more frequently found in immunocompromised patients with a median age of 63 years at diagnosis, and the right heart is predominantly affected (3). DLBCL often presents dyspnea, followed by constitutional symptoms and chest pain, and is the most common pathological variant of PCL. Approximately 47% of patients diagnosed with PCL have congestive heart failure resistant to standard heart failure treatment (5).

Multiple cardiovascular advanced imaging modalities can help to morphologically examine the cardiac mass. Echocardiography (Figures 1, 2E,F) is usually the first-line diagnostic test, and its sensitivity in detecting masses is more than 90%. Furthermore, MRI is superior to TTE and TEE in the examination of myocardial and pericardial thickening (1). In addition, a CT scan can help characterize the extent of the mass. For patients with cardiac tumors, the prognosis depends on the type of neoplasms. Patients with PCL have a median survival of 7 months (4), and most patients pass away within a couple of months after diagnosis. Given the severe prognosis of PCLs, early diagnosis and treatment are crucial for these patients.

In our case, 2 months prior to the present hospitalization, the patient was admitted to another hospital and subjected to a CT scan, left ventriculography, and coronary angiography. No remarkable occlusion was detected. However, 2 months later, a large neoplasm in his right atrium was found by TTE, TEE, and MRI. The mass caused cardiac failure and serious hemodynamic abnormality. Unfortunately, the patient underwent hemodynamic collapse and expired on day 3 in our center.

The most common causes of death are intractable heart failure, sepsis, lymphoma progression, arrhythmias, and sudden cardiac death (4). Some potential mechanisms contribute to this unfavorable outcome. First, the obstruction of blood flow and cardiac valve dysfunction may lead to circulation collapse (6); furthermore, arrhythmia is often caused by neoplasm infiltration into the conduction system of the heart. Excessive pericardial effusion usually results in circulatory failure. In the presented case, our patient did not exhibit a notable atrioventricular block or remarkable pericardial effusion but experienced tricuspid valve occlusion and sudden death. Under this condition, traditional diuretics should be cautiously used for this group of patients.

Histopathological examination is the gold standard for the pathological variant of PCL confirmation. More invasive diagnostic procedures, such as cardiac catheterization with echocardiography-guided transvenous biopsy, are required. DLBCL is the most common pathological type of PCL. Its incidence is relatively high in immunocompromised individuals, especially for subjects with AIDS or transplant recipients. In our case, the patient underwent liver translation and received an immunosuppressive agent daily. According to studies that reevaluated reported PCL cases over the past several decades, management has been very variable, and no accepted standard of care has been established (3, 7). According to reports, surgical procedures were given in as many as 29% of the PCL cases that had been investigated (8). However, data from the SEER Program imply that surgical resection is not associated with improved survival in PCL. Chemotherapy was the most common treatment option and was linked to improved survival (9). Consistent with a previous experience, our finding showed an unexpected rapid disease progression. Delayed diagnosis is often correlated with poor outcome because of tumor invasion. Although PCL has no standardized therapy, a chemotherapy regimen with rituximab, cyclophosphamide, hydroxydaunorubicin, vincristine, and prednisone is recommended for this group of patients. Radiotherapy and surgery are given as complementary treatments.



Conclusions

PCL is a rare cardiac tumor, and its aggressive form is DLBCL. Its early diagnosis and treatment are essential owing to its poor prognosis. Immunocompromised patients are susceptible to this kind of cardiac tumor. The extension of a mass and its relationship with the heart should be explored through non-invasive cardiac imaging. Despite the rarity of DLBCL, its differential diagnosis as a cardiac tumor should be considered.
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Introduction: Anthracycline chemotherapy drugs can produce cardiotoxicity in patients with breast cancer, leading to myocardial cell death and fibrosis, further developing into cardiac failure. However, the condition of myocardial microcirculation was unknown in breast cancer after anthracycline chemotherapy. As a result, intravoxel incoherent motion (IVIM) imaging was used to non-invasively observe the condition of myocardial microcirculation in a patient with breast cancer after anthracycline chemotherapy.

Case report: A 43-year-old female patient with a right breast lump was reported. Preoperative ultrasound-guided needle biopsy showed invasive carcinoma of the right breast with fibroadenoma. Sentinel lymph node biopsy combined with simplified radical surgery for right breast cancer was performed. Postoperative pathological findings reported breast cancer (pT2N2M0 IIIA). The patient underwent eight sessions of the EC-TH chemotherapy scheme, and the EC and the TH schemes were adopted for the first four sessions and the last four sessions, respectively. During chemotherapy, during which there was the occurrence of Grade II myelosuppression, chest CT and abdomen CT showed no metastasis, and ECG and cardiac ultrasound reports returned to normal. Cardiac cine magnetic resonance and IVIM imaging were performed at the beginning of the first chemotherapy session (baseline) and after the third, fifth, and eighth chemotherapy sessions, respectively. We found that the fast apparent diffusion coefficient (ADCfast) and f parameters appeared to show a downward trend from the baseline to the fifth chemotherapy session, where the IVIMfast values declined from 163 × 10−3 mm2/s to 148 × 10−3 mm2/s and finally to 134 × 10−3 mm2/s and f values declined from 45% to 36% and then to 30%, respectively. ADCfast and f values showed an inclination from the fifth and eighth chemotherapy sessions.

Conclusion: Our case report showed that IVIM technology can likely detect non-invasive myocardial microcirculation early and quantitatively after anthracycline chemotherapy in patients with breast cancer. That is, IVIM technology seems to be helpful for cardiovascular risk monitoring and prognosis assessment of myocardial microcirculation in patients with breast cancer after anthracycline chemotherapy.

KEYWORDS
  breast cancer, anthracycline, cardiotoxicity, IVIM, microcirculation


Introduction

Breast cancer is the most common malignant tumor in women, ranking as the highest incidence of cancer among women and the main cause of cancer-related deaths in women (1). Radical surgical treatment and postoperative adjuvant chemotherapy can greatly reduce breast cancer mortality. Anthracycline is a major component of first-line chemotherapy for breast cancer because it is a chemical substance with anti-tumor activity produced by microorganisms (2). However, anthracyclines induce cardiotoxicity, and early stages of cardiotoxicity are associated with inflammation, vacuolation, and edema of the myocardial cells, leading to myocardial cell fibrosis and cardiac failure (3–5). Early cardiotoxicity precedes cardiac function after chemotherapy in patients with breast cancer, which highlights the importance of early recognition of cardiac injury and the establishment of cardioprotective treatment mechanisms to prevent cardiac failure.

IVIM is a new non-invasive technology that can analyze the characteristics of the myocardial tissue from the perspective of microcirculation, and early cardiac toxicity after anthracycline chemotherapy in patients with breast cancer was observed by using the IVIM technique, providing a new idea for future research and hoping to be better applied in clinical practice in the future. Therefore, the IVIM technology was initially used to observe the laboratory parameters of patients with breast cancer after anthracycline chemotherapy, and a case regarding is reported below.



Case report

A 43-year-old woman accidentally found a right breast lump on March 2014, with a diameter of 2 × 2 cm and stabbing pain. The mass was not related to the menstrual cycle. There was no redness, swelling, or rupture of the skin near the lump. No erosion, stabbing pain, pruritus, or discharge of the nipple was observed. In 2016, the tumor became progressively enlarged, and a mass of 3 × 2 cm was found under the right axilla. In March 2017, there was pain in the right axilla with obvious tenderness. Physical examination determined with touch indicated a tough mass of 5 × 3 cm in the right breast (between 7 and 9 o'clock), and the lump was characterized by unpolished surface, obscure boundary, and poor activity. A soft mass of 4 × 2 cm was touched in the right axilla, and no obvious abnormality was found during the rest of the physical examination. Ultrasound examination suggested multiple solid masses in the right breast. The dimensions of the tumor determined between 6 and 11 o'clock were 5.3 × 3.4 cm, which was classified as BI-RADS 4C-5; the dimensions of the mass identified at 10 o'clock were 1.2 × 0.5 cm, which was classified as BI-RADS 4a. The dimensions of enlarged lymph nodes in the right axilla were 1.2 × 0.6 cm. Ultrasound-guided needle biopsy showed an invasive carcinoma of the right breast with fibroadenoma. Surgical treatment was performed on 9 March 2017. Intraoperative sentinel lymph node biopsy found metastatic cancer, and simplified radical mastectomy was performed for right breast cancer. Postoperative pathology showed non-specific invasive carcinoma of the right breast (invasive ductal carcinoma SBR II-III) and mucinous carcinoma of high to medium grade (intraductal carcinoma) of the dimension 3.5 × 1.5 × 3.0 cm, as seen in Figure 1A. The other three lesions were non-special invasive carcinoma (invasive ductal carcinoma SBR II), with the dimensions of 0.7 × 0.7 × 0.5 cm, 1.0 × 0.6 × 0.5 cm, and 1.0 × 0.8 × 0.5 cm. No metastasis was found in the right axillary lymph node (0/15). Positive immunohistochemical staining for ER, PR, HER-2, AR, P53, and Ki 67 (Figure 1B) was performed. The postoperative stage was pT2N2M0 IIIA, Lumina I B. The chemotherapy regimen was EC-TH chemotherapy, with 8 sessions of chemotherapy completed from April 7, 2017 to September 25, 2017.


[image: Figure 1]
FIGURE 1
 Non-specific invasive carcinoma of the right breast (invasive ductal carcinoma SBR II-III) (A). Positive immunohistochemical staining for Ki 67 (B).


During the follow-up, corresponding examinations were made according to the patient's condition. Between the baseline and eighth chemotherapy sessions, ECG, cardiac ultrasonography and breast ultrasound, chest CT and upper abdomen CT, and ECT were performed in the following order: Chest CT, upper abdomen CT, and cardiac ultrasound were performed at baseline; ECG examination was performed after the first chemotherapy and the third chemotherapy. On the fifth chemotherapy session, none of the above examinations were performed. Chest CT, upper abdomen CT, cardiac ultrasonography, and breast ultrasound were performed during the eight chemotherapy session. Breast ultrasound results showed (1) a right breast surgery, (2) multiple cystic nodules in the left breast, and (3) no enlarged lymph nodes under both axilla and supraclavicular, and the rest of the examination results were normal. Degree II myelosuppression occurred during chemotherapy, and hematology returned to normal after treatment with granulocyte colony-stimulating factor (G-CSF).

In this case, CMR examinations were performed at the beginning of the first chemotherapy (baseline) and after the third, fifth, and eighth chemotherapy sessions, using a 3.0 T magnetic resonance imager (platform HDxt; General Electric Medical Systems, Waukesha, WI) equipped with an 8-channel phased-array cardiac coil. Standard 2-, 3-, and 4-chamber and left ventricle (LV) short-axis cine images from apical to basal were acquired with fast imaging employing a steady-state acquisition sequence. IVIM imaging was performed with the echo planar imaging (EPI) sequence. LV structural and functional parameters were measured by the Qmass package (Medis® Suite MR), as seen in Table 1. IVIM parameters were obtained by using GE Functool 9.4.05a software, as seen in Table 2. Cine images of 4-chamber, 2-chamber, left ventricle (LV) short-axis and IVIM images of baseline are shown in Figure 2. IVIM images of the third, fifth, and eighth chemotherapy sessions are shown in Figure 3.


TABLE 1 The situation at the baseline and after the third, fifth, and eighth chemotherapy sessions.
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TABLE 2 IVIM parameters at the baseline and after the third, fifth, and eighth chemotherapy sessions.
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FIGURE 2
 Cine images and IVIM images of baseline. 4-chamber(➀), left ventricle (LV) short-axis ➁, 2-chamber➂, and IVIM images ➃ of baseline. (A–I) Original images of IVIM at the left ventricular short-axis view (corresponding to b = 0, 20, 50, 80,100, 120, 200, 300, and 500 s/mm2, respectively). (J–L) Pseudocolor images were produced using the bi-exponential mode of the IVIM imaging system (corresponding to ADCslow, ADCfast, and f values, respectively).



[image: Figure 3]
FIGURE 3
 (A–I) Original images of IVIM at the left ventricular short-axis view (corresponding to b = 0, 20, 50, 80,100, 120, 200, 300, and 500 s/mm2, respectively). (J–L) Pseudocolor images were produced using the bi-exponential mode of the IVIM imaging system (corresponding to ADCslow, ADCfast, and f values, respectively). ➀, ➁, ➂ represent IVIM images after the third, fifth, and eighth chemotherapy sessions.




Discussion

Water molecules include water molecules both at the intracellular and intercellular levels and at the intravascular level in the human body. However, diffusion-weighted imaging (DWI) cannot distinguish microcirculation perfusion and extravascular dispersion by using a single b-value model. Le Bihan first proposed the intravoxel incoherent motion technique for reflecting the movement of water molecules in tissues and microcirculation (6). With the progress of IVIM technology in sequence design and data processing (7–9), Callot et al. (10) attempted to use IVIM imaging on living animals and found it to be feasible. The technology observes the movement of water molecules in tissue cells and microvessels without any contrast agent, and ADCfast and f parameters reflect the condition of microcirculation perfusion. Further, Delattre et al. (11) and Mou et al. (12) applied it to the human body and proved that it was feasible.

Using the ICC test, Mou et al. (12) found that the IVIM parameters were consistent in intra-observer and inter-observer values in 30 healthy volunteers (at least one slice successful acquisition). This study found that the intra- and inter-observer consistencies of ADCslow, ADCfast, and f values were 0.87, 0.89, 0.93, 0.97, 0.93, and 0.96, respectively. In addition, Moulin et al. (13) evaluated the inter-measurement reproducibility of IVIM parameters by Lin's concordance coefficient and the Bland-Altman analysis on 10 healthy volunteers. In this study, f values and ADCslow showed high repeatability (Pc = 0.963; Pc = 0.762) and ADCfast showed low repeatability (Pc = 0.652). Li found that intra-observer and inter-observer consistencies were good in 80 healthy volunteers (14).

Cardiotoxicity induced by anthracyclines was first proposed by Lefrak et al. (15). Cardiotoxicity includes arrhythmias, cardiac failure, and myocardial injury. It may occur months to years after the completion of primary treatment and can severely impair life quality and overall survival of the patient. Besides, it can be classified as acute, chronic, and delayed (16). Cardiotoxicity from anthracyclines is a dose-dependent toxicity, the risk of which increases exponentially with cumulative doses, which irreversibly results in myocardial cell structural changes and cell death in the chronic and delayed stages (17). Therefore, early and effective detection of cardiotoxicity of anthracyclines is an effective means to guide clinical medication and minimize cardiotoxicity. CMR is the gold standard for evaluating cardiac function due to its multi-mode imaging and high repeatability. CMR has high sensitivity and accuracy for cardiac injury caused for various reasons, especially in the early stage. In the early stages of cardiac injury, CMR can detect edema, inflammation, and fibrosis of cardiomyocytes, playing an important role in the diagnosis of early cardiotoxicity in patients with cancer (18). However, so far, no studies were reported on myocardial microcirculation after chemotherapy for patients with cancer using IVIM imaging.

In this case, the EC-TH (Epirubicin, Cyclophosphamide, Docetaxel, Trastuzumab) scheme was used. The selection of EC-TH, in this case, was related to the patient's postoperative pathology. Since lymph node metastasis occurred in the pathology of this case, postoperative adjuvant chemotherapy was required, so EC-TH was selected according to the recommendation of international guidelines (19). The details of medication are as follows: EPI(Epirubicin) 70 mg d1-2 ivgtt and CTX(Cyclophosphamide) 900 mg d1 ivgtt Q21d before the fifth chemotherapy. The TH regimen was used from the fifth to the eighth chemotherapy sessions, and the details of the medication are as follows: TXT, 160 mg and Herceptin, 500 mg ivgtt.

In this case, baseline and the third, fifth, and eighth sessions of chemotherapy were selected because, after the first and second chemotherapy sessions, the time of drug action on the myocardium was shorter, so IVIM was chosen after the third chemotherapy to observe the myocardial microcirculation. Besides, the choice of the fifth chemotherapy is related to the chemotherapy regimen of this case, the EC-TH was used in this case, anthracycline was used for the first four sessions, and docetaxel and trastuzumab were used for the last four sessions in order to observe the effect of drugs on cardiac microcirculation. The eighth session was observed for the overall situation after chemotherapy. The early stages of cardiotoxicity include cellular vacuolation and edema, which could lead to microcirculation dysfunction; however, the IVIM technology can be used to observe the early stage of cardiotoxicity from the perspective of microcirculation. ADCfast and f values showed a downward trend from the baseline to the fifth chemotherapy, and it may be because anthracycline was used before the fifth chemotherapy, so the case showed that anthracycline causes damage to myocardial microcirculation. In terms of histological features, early stages of cardiotoxicity include cellular vacuolation and edema, which could lead to microcirculation dysfunction. In addition, ADCfast and f values showed an upward trend from the fifth chemotherapy to the eighth chemotherapy session in the case. Possible reasons for this could be the following: early myocardial damage may be recovered after the withdrawal of anthracyclines, because cardiotoxicity of anthracyclines can be classified into acute, chronic, and delayed according to time. Among these classifications of cardiac damage, the acute is reversible, and clinical manifestations of chronic and delayed cardiotoxicity will manifest as cardiac failure and cardiac dysfunction (20); however, the cardiac function of the case remained normal from baseline to the eighth chemotherapy, suggesting that the patient may be in early myocardial toxicity rather than a phase of chronic and delayed cardiotoxicity. In addition, due to individual differences and because the case was of a middle-aged woman without cardiovascular disease, good physical and mental conditions were observed. The specific reasons remain to be studied.



Conclusion

Anthracyclines can induce cardiotoxicity. Early stages of cardiotoxicity include cellular vacuolation and edema, which could lead to microcirculation dysfunction. However, CMR is the gold standard for evaluating cardiac structure and function, and the IVIM technology is likely to non-invasively observe early myocardial microcirculation, that is, early and effective detection of anthracycline cardiotoxicity can help to guide clinical medication to minimize cardiotoxicity and improve overall survival.
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QT interval prolongation and ventricular arrhythmias (VAs) induced by osimertinib, a third-generation epidermal growth factor receptor tyrosine kinase inhibitor, are life-threatening complications. However, no consensus has been achieved regarding their management. Overdrive pacing has been shown to be effective in shortening the QT interval and terminating torsade de pointes (TdP). Here, we report a case of osimertinib-induced QT prolongation accompanied by frequent VAs and TdP. Osimertinib was immediately discontinued after it was identified as the etiology for QT prolongation and VAs. A temporary pacemaker and overdrive pacing were used after other anti-arrhythmia treatments had failed and successfully shortened the QTc interval and terminated VAs. Repeated Holter monitoring at 1 week showed no remaining VAs or TdP, and the pacemaker was removed. Routine electrocardiography (ECG) surveillance was conducted afterward, and three- and 6-month follow-ups showed good recovery and normal ECG results. Vigilance is required for rare vital arrhythmias in patients taking osimertinib, and ECG surveillance should be conducted.

KEYWORDS
  osimertinib, QTc interval prolongation, ventricular tachycardia, temporary pacemaker, torsade de pointes (TdPs)


Introduction

Epidermal growth factor receptor (EGFR) mutation is one of the most common oncogenic drivers in non-small cell lung cancer (NSCLC). Osimertinib, the third-generation EGFR tyrosine kinase inhibitor (TKI), has substantially improved treatment efficacy for NSCLC with EGFR mutations (1). However, while remaining low in incidence, cardiotoxicities related to EGFR-TKIs, such as congestive heart failure, QT interval prolongation, and ventricular arrhythmias (VAs) have become a safety concern (2), as they are life-threatening complications.

No consensus has been achieved for the management of these cardiotoxicities (2, 3). Overdrive pacing, or pacing with a higher heart rate, has been shown to be effective in shortening QT intervals and terminating torsade de pointes (TdP) (4). However, overdrive pacing in the acute management of osimertinib-induced VAs has rarely been reported in the literature. Here, we report a case of osimertinib-induced QT prolongation, frequent VAs, and TdP for which a temporary pacemaker and overdrive pacing were used. Serial electrocardiography (ECG) and Holter monitoring results during hospitalization and follow-ups confirmed the in-hospital and long-term efficacy and safety of these treatments.



Case presentation

A 60-year-old woman was admitted to our hospital with palpitations and an onset of syncope. The patient had experienced palpitations 3 months previously while working and one episode of syncope later at home. The patient had regained consciousness after 10 seconds but took no action and sought no treatment. Two days preceding admission, the palpitations had become more frequent, and the patient reported feeling dizzy on several occasions. The symptoms were not related to exercise or emotional changes. Seventeen months previously, the patient had been diagnosed with peripheral lung adenocarcinoma and associated brain and bone metastases (Figure 1A). Genomic analysis had indicated EGFR gene mutations, and she had therefore been treated with the EGFR TKI osimertinib (80 mg, QD). The patient had no history of hypertension, diabetes or related family history. There was also no record of previous use of anti-arrhythmic agents.


[image: Figure 1]
FIGURE 1
 PET-CT, serial Holter monitoring, and ECG. (A) PET-CT showing peripheral pulmonary carcinoma and brain metastasis (arrowheads); (B) Holter monitoring on admission showing prolonged QTc interval (QTcB 640 ms); (C) Holter monitoring on admission showing frequent VTs and TdP (arrowheads); (D) ECG with a temporary pacemaker and overdrive pacing at 110 bpm (QTcB 298 ms); (E) Holter monitoring with a temporary pacemaker and pacing at 70 bpm (QTcB 507 ms); (F) ECG at discharge showing near-normal QTc interval (QTcB 477 ms). VT, ventricular tachycardia; TdP, torsade de pointes; QTcB, QTc interval calculated with Bazett formula; PET-CT, positron emission tomography – computed tomography; ECG, electrocardiogram.


The patient presented with tachycardia (122 bpm) and hypotension (81/68 mmHg) on physical examination. Electrocardiography (ECG) on admission showed prolonged QTc intervals (QTcB 577 ms) and frequent ventricular premature complexes (VPCs). Holter analysis also showed prolonged QTc intervals (longest QTcB 640 ms, Figure 1B), frequent VPCs, and ventricular tachycardias (VTs) (122 episodes/20 h, including multiple TdP) (Figure 1C). Echocardiography showed no structural or functional abnormalities. Laboratory assessments showed normal electrolyte concentrations (K+ 3.9 mmol/L, Ca2+ 2.50 mmol/L, Mg2+ 0.93 mmol/L) and negative cardiac biomarkers. SCN5A and KCH2 mutations were not detected during genetic screening. An ECG that had been conducted prior to osimertinib treatment showed normal QTc intervals (QTcB 417 ms, Supplementary Figure 1A). After ruling out QT prolongation caused by myocardial ischemia or other QT-prolongation drugs, the patient was diagnosed with osimertinib-induced QT prolongation, VAs, and TdP (Probable causality, World Health Organization-Uppsala Monitoring Center [WHO-UMC] causality assessment scale).

Osimertinib was immediately discontinued after it was identified as the etiology for QT prolongation and VAs. Anti-arrhythmia treatments (intravenous magnesium, potassium magnesium aspartate, and oral propranolol) were administered; however, they did not relieve the patient's symptoms. No defibrillation treatment was delivered for a stable hemodynamic status.

After a temporary pacemaker was implanted with the pacing lead placed at the patient's right atrium, overdrive pacing successfully shortened the QTc interval and terminated the VAs. The initial pacing rate of 110 bpm was gradually reduced to 60-−70 bpm within 1 week, and the QTc interval was shortened to 298–507 msec (Figures 1D,E). Repeat Holter monitoring at 1 week showed no VPCs or VTs. The pacemaker was then removed and following consultation with a hematologist, osimertinib was replaced by gefitinib (250 mg QD). At discharge, the patient's symptoms were relieved and her ECG showed normal results (QTc 477 ms) (Figure 1F, Supplementary Figure 1B). Routine ECG surveillance was conducted. Three- (Supplementary Figure 1C) and 6-month follow-ups showed good recovery and normal ECG results (Table 1).


TABLE 1 Time line.
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Discussion

This study reported a case of osimertinib-induced QT prolongation accompanied by frequent VAs and TdP in a patient being treated for NSCLC.

EGFR mutation is one of the most common oncogenic drivers in NSCLC. As such, EGFR-TKIs (including gefitinib, erlotinib, and osimertinib, etc.) are used to inhibit EGFR tyrosine kinase and have enhanced the treatment for NSCLC over the past two decades (5). In particular, osimertinib, a third-generation EGFR-TKI, has been shown to increase treatment efficacy even when compared with that of first- or second-generation EGFR TKIs (6). Osimertinib has thus become the first-line treatment for advanced EGFR-mutant NSCLC patients, especially for those with brain metastases or acquired T790M resistance mutation (1).

Despite their low incidence, cardiotoxicities including congestive heart failure, QT prolongation, and vital arrhythmias have become a safety concern for patients taking EGFR TKIs. Osimertinib-induced QT prolongation was first reported during the phase I trials for the drug (7), after which analyses in two phase III randomized controlled trials also confirmed that osimertinib notably increased the risk of cardiac toxicities, with a risk ratio of 2.62 for QT prolongation (8). The initial FDA risk-benefit assessment reported a low incidence (0.7%) of osimertinib-induced substantial QTc prolongation (QTc ≥ 500 msec), with no QTc-related VAs reported (9). Further, when Anand et al. reviewed the pharmacovigilance database of the FDA Adverse Events Reporting System (FAERS), and compared the cardiotoxicities of different EGFR-TKIs, a total of 315 cardiac adverse events (AE) were noted. Cardiac failure and QT prolongation were the cardiotoxicities most commonly caused by osimertinib. Of patients treated with osimertinib, 33/2,454 (1.3%) developed QT prolongation at a median time of 23 days. A comparison with first- and second-generation EGFR-TKIs has shown that osimertinib is more likely than the others to induce QT prolongation (reported odds ratio 6.6) (2). In a recent retrospective cohort study, Kunimasa et al. compared QT intervals in 72 patients with serial ECGs before and after osimertinib administration and found that QTc intervals were prolonged by approximately 20 ms over a median time of 116 days. However, no fatal arrhythmias were reported in this study (10).

In addition to QT prolongation, VT or TdP were also reported in a limited number of cases taking osimertinib (Table 2) (11–14). This indicates that osimertinib-induced vital arrhythmias are probably underestimated owing to the limitations of retrospective studies and the reporting system. Physicians should be vigilant to the occurrence of these rare vital arrhythmias in patients on osimertinib and conduct ECG surveillance for these patients.


TABLE 2 Summary of osimertinib-induced VAs cases reported.

[image: Table 2]

However, the mechanism of osimertinib-induced cardiotoxicity is still unclear (15). In the preliminary IC50 inhibition in-vitro cell test, osimertinib showed weak inhibition of the cardiac potassium channel Kv11.1, which may be a potential mechanism of osimertinib-induced QT prolongation (16). However, further basic research is required for full clarification of the underlying mechanism.

As the treatment of VTs is based on the determination of their etiology, owing to the lack of understanding of the mechanism behind osimertinib-related arrhythmias, there has been no consensus for appropriate management. Magnesium supplementation, cardioversion, and β-blockers are generally used in the management of long QT syndrome (LQTS) related VT and Tdp (4). In the limited cases of osimertinib-induced VAs, point-of-care monitoring-guided magnesium supplementation, cardioversion, and antiarrhythmic drugs have been reportedly used (Table 2) (11–14); however, in this case, all treatment failed to improve this patient's symptoms. Although implantable cardioverter defibrillator (ICD) implantation is suggested in high-risk LQTS patients, it would have certainly led to frequent shocks for this particular patient, and was therefore deemed unsuitable. Additionally, the presence of polymorphic VT and TdP, indicated the ineligibility for radiofrequency ablation. Lastly, left cardiac sympathetic denervation (LCSD) is regarded as a bail-out strategy in the case that other treatments should fail.

Medically (isoprenaline infusion) or electrically (override pacing) speed up the heart can both help to decrease the QTc interval and terminate TdP temporarily. The efficacy of override pacing in comparison with isoprenaline is uncertain due to the lack of randomized comparison evidence (17). However, override pacing would be a better option when the risk of TdP may persist over a more extended period, such as a long-acting drug. As the mean elimination half-life time of osimertinib is 48–59.7 h theoretically (18, 19), temporary pacemaker implantation and overdrive pacing can help to shorten the QTc interval and increase survival during this life-threatening time period.

On the other hand, osimertinib was replaced with gefitinib for chemotherapy after the occurrence of this life-threatening complication. No disease progression or TdP recurrence has been detected and favorable recovery has been archived in the follow-ups.



Conclusions

Osimertinib-induced QT interval prolongation and VAs are underestimated in NSCLC patients, and no consensus has been achieved on standard treatment. This case showed that ECG and Holter monitoring should be performed periodically in patients on osimertinib treatment. Temporary pacemaker implantation and overdrive pacing may be considered a safe and effective treatment for the acute management of osimertinib-induced VAs.
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SUPPLEMENTARY FIGURE 1
Serial 12 leads ECGs before osimertinib treatment and in the recovery stage. (A) 12 leads ECG four months before osimertinib treatment showing normal QTc interval (QTcB 417 ms); (B) 12 leads ECG at discharge showing near-normal QTc interval (QTcB 477 ms); (C) 12 leads ECG at three month's follow-up showing near-normal QTc interval (QTcB 468 ms); QTcB, QTc interval calculated with Bazett formula.
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Cardiac paraganglioma is a kind of rare neuroendocrine tumor characterized by the persistent secretion of catecholamines. Under excessive exposure of catecholamines, some atypical symptoms are presented, including hypertension, arrhythmias, and headache. The case of surgical treatment of a 28-year-old woman with primary cardiac paraganglioma is presented for experience sharing and surgical skill improvements.

KEYWORDS
 cardiac paraganglioma, catecholamine, primary cardiac oncology, neuroendocrine tumor, surgical skill


Case presentation

The patient was a 28-year-old woman admitted with the complaint of progressive hypertension complicated with chest pain, tightness, and palpitation for 5 years. In particular, the hypertension of systolic pressure at the 16th week during pregnancy ranging from 110–200 mmHg was managed through combined therapy with labetalol and amlodipine. However, the level of blood pressure was not controlled stably as expected after medical intervention, therefore, the pregnancy termination underwent further treatment of refractory hypertension. Both previous surgical procedures and family genetic disorders were denied.

When at admission, tachycardia was found by electrocardiogram (Figure 1A). Based on the findings from the contrast-enhanced CT, it was demonstrated that a mass of 46 × 42 mm with serious adhesion to the surrounding aorta located at the root of the aorta in the middle mediastinum and the left main coronary was also involved (Figure 1B).


[image: Figure 1]
FIGURE 1
 (A) Tachycardia in electrocardiogram at admission. (B) The mass in the contrast-enhanced CT. The size was 46 × 42 mm and serious adhesion between the aorta and the mass was found. Also, the involved left main coronary was observed. (C) The mass in the MRI. Both the root of the aorta and left main coronary were involved, however, the myocardium was free from involvement. (D) The mass in the echocardiography. The mass was fully perfused through mini-vascular circulation. (E) The repairing of the pulmonary artery. (F) The removed mass.


In MRI, it was confirmed that both the root of the aorta and left main coronary were involved, however, the myocardium was free from involvement (Figure 1C). In accordance with the echocardiography, the mass was completely perfused through mini-vascular circulation (Figure 1D). After exclusion of adrenal pheochromocytoma with the absence of any abnormal images found in bilateral adrenals, the final diagnosis of primary cardiac paraganglioma was confirmed comprehensively in accordance with the objective results from imaging and lab tests indicating the elevated catecholamine. The α and β receptor blockers were selected as preoperative agents for hypertension control and multidisciplinary consultants were performed, including gynecology and urology for preoperative assessment.



Surgical procedure

Peripheral cardiopulmonary bypass (CPB) was established via the femoral artery and vein. Once CPB started, the median sternotomy was selected. After surgical field exposure, it was found that the mass with the visual size of 65 mm located at the outflow tract of the right ventricle besides the main pulmonary artery was involved seriously. The blood supplement was distributed fully around the mass. Cardiac arrest was maintained using HTK cardioplegia after ascending aorta clamping when the temperature is lower than 35°C. Given the complicated mass-related anatomical changes, extended lesion resection, reconstruction of the pulmonary artery, and coronary artery bypass grafting (CABG) were processed simultaneously. The surgical separation of the mass began at the anterior wall of outflow of the right ventricle. The main pulmonary artery was opened to expose the pulmonary valve due to serious adhesion between the mass and the right ventricle. Then, the separation of the posterior wall of the main pulmonary artery was continued cautiously. Meanwhile, the proximal end of left main coronary was also damaged due to severe involvement by the mass. After the mass was removed completely, a bovine pericardial patch of reasonable size was used to repair the pulmonary artery (Figures 1E,F).

There were two grafts for CABG, great saphenous vein (SVG), and internal mammary artery (LIMA), respectively. First, circumflex (LCX) grafting was performed through end-to-side anastomosis with the proximal end of the great saphenous vein. Then, left anterior descending (LAD) grafting was continued with end-to-side anastomosis with the internal mammary artery. At last, the distal end of the great saphenous vein was sutured at the ascending aorta (AO).

After CABG was completed, regular rewarming was activated and when the temperature was higher than 33°C, the ascending aorta was de-aired and opened. The final closure of the chest was finished after weaning of CPB.



Postoperative management

The postoperative blood pressure was managed stably and dynamically using α-receptor and β-receptor blockers. Daily administration of vasoactive agents was adjusted and monitored as needed to prevent both organic function and perfusion affected dramatically after surgery. The urine norepinephrine on the 1st day after surgery was 1,953.4 mg/ml. The norepinephrine decreased to 616.7 ng/ml on the 5th day and to the normal level on the 9th day after surgery. The blood pressure was gradually stable and maintained on the 3rd day after surgery. Pathologically, the removed mass was confirmed as cardiac paraganglioma (Figure 2A).


[image: Figure 2]
FIGURE 2
 (A) Pathology of the removed mass. The pathological findings of the mass were confirmed as cardiac paraganglioma. (B) The echocardiography at the latest follow-up. Morphologically, all the chambers and valves were normal and the heart function was stable without any serious abnormal changes. (C) Sinus rhythm in electrocardiogram rechecking. (D) Coronary CT angiography shows a patent coronary vessel.




The outcome and follow-up

The patient was discharged smoothly after clinical assessment where no recurred hypertension, arrhythmias, or any other discomfort complaints were found. During the latest follow-up, it was shown that, morphologically, all chambers and valves were normal and the heart function was stable without any serious abnormal changes (Figure 2B). The sinus rhythm was found by electrocardiogram rechecking (Figure 2C). Furthermore, it was demonstrated via the coronary angiography, the patency of grafts for both LIMA–LAD and AO–SVG–LCX was qualified without any obstructions (Figure 2D).



Discussion

Clinically, the incidence of cardiac paraganglioma is only about 0.6/100,000 (1). All chambers of the heart are potential locating targets for cardiac paraganglioma, however, among them, the left atrial is the predominated candidate (2). It has been demonstrated that genetic mutations are associated with the development of cardiac paraganglioma (3). Moreover, the major mutation is found in the gene SDHB accounting for more than 70% of mutations for cardiac paraganglioma (4). Therefore, it is recommended that all patients with suspected paraganglioma should take a gene test. Unfortunately, this patient refused a gene test due to private reasons. The symptoms of paraganglioma highly depend on the secretion products and the metabolites from tumors, including norepinephrine, epinephrine, and dopamine (5). In principle, the histology of cardiac paraganglioma classified as the extra-adrenal non-epithelial tumor is similar with that of the pheochromocytoma and is mainly considered as a noradrenergic-subtype with the presentation of norepinephrine-related symptoms, such as hypertension, diaphoresis, palpitations, and headache (6). Medically, rather than the secretion level, the location of cardiac paraganglioma is more challenging and significant.

Under persistent secretion of catecholamines, patients with cardiac paraganglioma are more at risk for severe or even fatal complications, including hypertensive crisis, refractory arrhythmias, or myocardial infarction. Hence, as previously reported, both α- and β-adrenoceptor blockers were used for this patient before the surgery to control and adjust the secretion of catecholamines reasonably (7). Moreover, if complicated tachycardia is presented because of the induction by catecholamines, the specific if currency inhibitor, ivabradine is recommended (8). Surgically, the feasibility of cardiac paraganglioma resection should be evaluated cautiously and carefully prior to surgery. The anatomical changes due to the tumor and the structural relationship between the tumor and surrounding organs and tissues are critical in the decision-making of surgical procedures. For our patient, given the history of pregnancy, although underwent pregnancy termination, a differentiated diagnosis for obstetrical complications should also be needed. Besides, it has been found that paraganglioma without any intervention during pregnancy is closely associated with the high incidence of complications for both pregnant patients and fetuses. Therefore, earlier diagnosis and medical intervention during pregnancy are positive and valuable in improving outcomes and survival for both of them and the most suitable period for surgical resection is no longer than the 24th week of gestation (9, 10). During the surgery, surgical resection was processed under the assistance of CPB established with the peripheral femoral artery-vein path aiming to keep enough space for anastomosis due to serious involvement of the posterior wall of the main pulmonary artery. Following the mass resection, vascular reconstruction and repairing are performed with autologous, xenogeneic, and synthetic materials. In addition, it should be emphasized that the left main coronary of this patient was involved in cardiac paraganglioma, also, CABG is required to reconstruct the system of the coronary artery. Both SVG and LIMA, are the main prepared grafts (11).

Postoperation, management of blood pressure and organic perfusion during the transition period with the absence of excessive stimulation under catecholamines and prevention of recurrence of the tumor are major points influencing the outcome. The improvement for both postoperative survival and life quality is significant and qualified as long as no metastatic lesions are found (12). During the postoperative follow-up of 6 months, the recurred tumor and metastatic lesions or any other tumor-related discomforts and complaints have not been found.

Furthermore, the therapies for patients with metastatic paraganglioma are summarized as chemotherapy, radiotherapy, targeted therapy, and combination therapy. For instance, the combination therapy of cyclophosphamide, vincristine, and dacarbazine following the temozolomide monotherapy is considered the first-line conventional strategy for patients with progressive paraganglioma complicated with SDHB mutation (13). Also, Sunitinib is proved to be the indication of therapy for patients with progressive or even inoperable paraganglioma (14). Clinically, for this kind of rare and complicated tumor and in accordance with various different involved organs and/or tissues, a multidisciplinary team can be assembled to provide more suitable and optimal options in decision-making for postoperative management and dynamic observation during long-term follow-up (15).



Conclusion

Though it is uncommon, the symptoms and complications related to cardiac paraganglioma are severe and even life-threatening, especially for pregnant female patients. Surgical treatment is the most effective strategy against cardiac paraganglioma, nevertheless, the difficulty and feasibility of mass resection should be assessed fully before surgery. During the surgical procedures, completed mass resection and necessary tissue reconstruction are required and CABG should be potential as needed. Periodical follow-up after surgery is useful to evaluate any recurrence or metastasis. If necessary, further medical intervention, such as chemotherapy, radiotherapy, and targeted therapy, may be continued.



Data availability statement

The original contributions presented in the study are included in the article/supplementary material, further inquiries can be directed to the corresponding author/s.



Ethics statement

Written informed consent was obtained from the patient for the publication of this case report and any accompanying images and data.



Author contributions

All authors listed have made a substantial, direct, and intellectual contribution to the work and approved it for publication.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

 1. Neumann HPH, Young WF Jr, Eng C. Pheochromocytoma and paraganglioma. N Engl J Med. (2019) 381:552–65. doi: 10.1056/NEJMra1806651

 2. Tella SH, Jha A, Taïeb D, Horvath KA, Pacak K. Comprehensive review of evaluation and management of cardiac paragangliomas. Heart. (2020) 106:1202–10. doi: 10.1136/heartjnl-2020-316540

 3. Fishbein L, Leshchiner I, Walter V, Danilova L, Robertson AG, Johnson AR, et al. Comprehensive molecular characterization of pheochromocytoma and paraganglioma. Cancer Cell. (2017) 31:181–93. doi: 10.1016/j.ccell.2017.01.001

 4. Martucci VL, Emaminia A, del Rivero J, Lechan RM, Magoon BT, Galia A, et al. Succinate dehydrogenase gene mutations in cardiac paragangliomas. Am J Cardiol. (2015) 115:1753–9. doi: 10.1016/j.amjcard.2015.03.020

 5. van Berkel A, Lenders JW, Timmers HJ. Diagnosis of endocrine disease: biochemical diagnosis of phaeochromocytoma and paraganglioma. Eur J Endocrinol. (2014) 170:R109–19. doi: 10.1530/EJE-13-0882

 6. Wang JG, Han J, Jiang T, Li YJ. Cardiac paragangliomas. J Card Surg. (2015) 30:55–60. doi: 10.1111/jocs.12455

 7. Lenders JW, Duh QY, Eisenhofer G, Gimenez-Roqueplo AP, Grebe SKG, Murad MH, et al. Pheochromocytoma and paraganglioma: an endocrine society clinical practice guideline. J Clin Endocrinol Metab. (2014) 99:1915–42. doi: 10.1210/jc.2014-1498

 8. Malaza G, Brofferio A, Lin F, Pacak K. Ivabradine in catecholamine-induced tachycardia in a patient with paraganglioma. N Engl J Med. (2019) 380:1284–6. doi: 10.1056/NEJMc1817267

 9. Bancos I, Atkinson E, Eng C, Young WF Jr, Neumann HPH. Maternal and fetal outcomes in phaeochromocytoma and pregnancy: a multicentre retrospective cohort study and systematic review of literature. Lancet Diabet Endocrinol. (2021) 9:13–21. doi: 10.1016/S2213-8587(20)30363-6

 10. Lenders JWM, Langton K, Langenhuijsen JF, Eisenhofer G. Pheochromocytoma and pregnancy. Endocrinol Metab Clin North Am. (2019) 48:605–17. doi: 10.1016/j.ecl.2019.05.006

 11. Zubair MM, El Nihum LI, Haley SL, Al Abri Q, Lenihan DJ, MacGillivray TE, et al. Large, hormonally active primary cardiac paraganglioma: diagnosis and management. Ann Thorac Surg. (2022) 113:e167–70. doi: 10.1016/j.athoracsur.2021.05.042

 12. Yadav PK, Baquero GA, Malysz J, Kelleman J, Gilchrist IC. Cardiac paraganglioma. Circ Cardiovasc Interv. (2014) 7:851–6. doi: 10.1161/CIRCINTERVENTIONS.114.001856

 13. Nölting S, Grossman A, Pacak K. Metastatic phaeochromocytoma: spinning towards more promising treatment options. Exp Clin Endocrinol Diabetes. (2019) 127:117–28. doi: 10.1055/a-0715-1888

 14. Sesti F, Feola T, Puliani G, Centello R, Di Vito V, Bagni O, et al. Sunitinib treatment for advanced paraganglioma: case report of a novel SDHD gene mutation variant and systematic review of the literature. Front Oncol. (2021) 11:677983. doi: 10.3389/fonc.2021.677983

 15. Chan EY, Ali A, Umana JP, Nguyen DT, Hamilton DJ, Graviss EA, et al. Management of primary cardiac paraganglioma. J Thorac Cardiovasc Surg. (2022) 164:158–66. doi: 10.1016/j.jtcvs.2020.09.100












	
	TYPE Case Report
PUBLISHED 06 October 2022
DOI 10.3389/fcvm.2022.955527






Immune myocarditis related to sintilimab treatment in a patient with advanced lung adenocarcinoma: A case report

Yunling Lin, Xun Yuan and Lianglong Chen*

Department of Cardiology, Fujian Medical University Union Hospital, Fujian Cardiovascular Medical Center, Fujian Institute of Coronary Heart Disease, Fuzhou, China

[image: image2]

OPEN ACCESS

EDITED BY
Carlo Gabriele Tocchetti, University of Naples Federico II, Italy

REVIEWED BY
Leilei Cheng, Fudan University, China
 Jianqing She, The First Affiliated Hospital of Xi'an Jiaotong University, China

*CORRESPONDENCE
 Lianglong Chen, lianglongchen@126.com

SPECIALTY SECTION
 This article was submitted to Cardio-Oncology, a section of the journal Frontiers in Cardiovascular Medicine

RECEIVED 28 May 2022
 ACCEPTED 13 September 2022
 PUBLISHED 06 October 2022

CITATION
 Lin Y, Yuan X and Chen L (2022) Immune myocarditis related to sintilimab treatment in a patient with advanced lung adenocarcinoma: A case report. Front. Cardiovasc. Med. 9:955527. doi: 10.3389/fcvm.2022.955527

COPYRIGHT
 © 2022 Lin, Yuan and Chen. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



Immune checkpoint inhibitors (ICI) have improved clinical outcomes of patients with advanced lung cancer, but may lead to fatal cardiac injury. We describe a 66-year-old man with advanced lung adenocarcinoma who presented with chest pain and dyspnea 3 weeks after the first dose of sintilimab. The initial electrocardiogram (ECG) demonstrated ST-elevation in leads V5-V9, and a high-sensitivity troponin level was significantly elevated. However, coronary angiography did not reveal any significant stenosis. The patient was successfully treated with methylprednisolone and immunoglobulin. Cardiac MRI was carried out before discharge and late gadolinium enhancement (LGE) was found to be in the mid layer of the septal segment and the subepicardial layer of the inferolateral wall. Due to the high fatality, ICI-related myocarditis requires close surveillance, prompt management and long-term follow-up.

KEYWORDS
 PD-1, myocarditis, sintilimab, lung adenocarcinoma, cardio-oncology, immune-related adverse events

Data from the National Cancer Center shows that lung cancer is the leading causes of cancer morbidity and mortality in China (1). Monoclonal antibodies targeting inhibitory immune checkpoints (ICI) have significantly improved results for patients with advanced-stage lung cancer (2). However, treatment with ICI is accompanied by immune-related adverse events (irAEs) (3). The immune-related adverse events that most often affect the colon, the liver, the lungs, and the skin, although some rare events may affect the heart as well. Cardiotoxicity induced by ICI may present with arrhythmias, cardiomyopathy, myocarditis, pericarditis and vasculitis. Myocarditis has emerged as an rare, but often fatal complication (4).

Sintilimab has shown positive results in people with relapsed/refractory (RR) Hodgkin's lymphoma, non-small cell lung cancer, esophagealcarcinoma (5–8). We report here a case of a 66-year-old man with advanced lung adenocarcinoma who developed acute myocarditis. The patient was treated successfully with IV methylprednisolone and immunoglobulin. We present the following case in accordance with the CARE reporting checklist.

A 66-year-od man with advanced lung adenocarcinoma was admitted to the local chest pain center with progressive chest pain, dyspnea. He had been diagnosed with advanced lung adenocarcinoma 4 month earlier. He had no history of autoimmune or cardiovascular diseases. Cardiac screening tests including cardiac biomarkers, ECG (Figure 1), and echocardiography showed normal results before chemotherapy. The patient was treated with four cycles of albumin paclitaxel plus carboplatin. The CT scan showed that the patient was not responding to chemotherapy. Then he started albumin paclitaxel plus carboplatin for chemotherapy combined with sintilimab (200 mg/injection). 3 weeks after sintilimab initiation, the patient presented with chest pain, shortness of breath and was admitted to the hospital. His vital signs were unstable on arrival (temperature 36.7°C, heart rate, 84 beats/min; respiratory rate 17 breaths/min, blood pressure 84/52 mmHg. The admission ECG showed sinus rhythm with ST-segment elevation in leads V5 through V9 (Figures 2, 3); laboratory test showed that cardiac troponin-I was 9.4 ng/mL (normal range, 0.00–0.03 ng/mL), CK 922IU/L (normal range, 22-270IU/L), CK-MB 109 IU/L (normal range, 2-25 IU/L);NT-proBNP 8290pg/ml (normal range, 0-349pg/ml). Transthoracic echocardiography showed anterior hypokinaesia, severe left ventricular function impairment with a left ventricular ejection fraction of 35%, mild pericardial effusion (Supplementary Videos 4–7). Coronary angiography was performed showing normal coronary arteries (Supplementary Videos 1–3). A diagnosis of sintilimab associated myocarditis was considered. The patient received methylprednisolone (2 mg/kg) and immunoglobulin (0.4g/kg/d) intravenously for 7 days. At day 4, the ECG showed that the elevated ST-segment had fallen back (Figures 4, 5). At day 8, cardiac magnetic resonance was performed and showed late gadolinium enhancement in the mid layer of the septal segment and the subepicardial layer of the inferolateral wall (Figure 6), with an ejection fraction of 47% (Supplementary Video 11). Gradually, the patient's symptoms improved and his vital signs were stable. The lab tests showed persistent decrease of hs-cTnI, myocardial enzyme indexes (Table 1). Echocardiogram revealed improved left ventricular systolic function, with an ejection fraction of 52% (Supplementary Videos 8–10). The dose of glucocorticoid therapy was gradually reduced. The patient was discharged 10 days after admission. He received oral prednisone tablets with gradually decreasing doses and regular follow-up.


[image: Figure 1]
FIGURE 1
 ECG before chemotherapy.
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FIGURE 2
 ECG on admission showed ST-segment elevation in leads V5 and V6.
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FIGURE 3
 ECG on admission showed ST-segment elevation in leads V7 through V9.
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FIGURE 4
 ECG at day 4 showed the elevated ST-segment had fallen back.
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FIGURE 5
 ECG at day 4 showed the elevated ST-segment in leads V7 through V9 had fallen back.
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FIGURE 6
 Cardiac magnetic resonance showed late gadolinium enhancement in left ventricular wall.



TABLE 1 The chronological changes of major parameters.

[image: Table 1]


Discussion

In recent years, Immune checkpoint inhibitors has become more widely used in clinical practice and improved the prognosis of patients with malignancy. In the meantime, ICI have been reported to induce cardiovascular toxicities, including myocarditis, pericarditis and vasculitis. The incidence of ICI related myocarditis has ranged from 0.27 to 1.14% (9), but it is often severe and life threatening. The reported incidence of ICIs-related myocarditis is low (<1%), it can be life threatening with a mortality rate up to 60 % (10, 11). Endomyocardial biopsy remains the gold standard for definitive diagnosis of ICI-induced myocarditis but it is not widely used because of its procedural risks and technical limitations. Cardiac magnetic resonance (CMR) has evolved as an standard noninvasive tool for the diagnosis and evaluation of myocarditis. Late gadolinium enhancement (LGE) is associated with a poor prognosis in patients with ICI-induced myocarditis (12). Myocardial biopsy and CMR are often not available in the setting of an acute presentation. It has been demonstrated that 2D/3D speckle-tracking strain imaging echocardiography may be promising diagnostic and prognostic tool in acute myocarditis, even in patients with preserved left-ventricular ejection fraction (13). However, the major pitfalls of speckle-tracking are its dependency on image quality and its ability to define the endocardial and epicardial boundaries. Once diagnosed, treatment should be initiated immediately. However, due to the absence of high-level evidence studies, there are still no standard therapeutic strategies. Glucocorticoid treatment is recommended for ICI-associated myocarditis but the effective dosage and optimal duration of corticosteroid therapy are not precisely recommended. Due to limited clinical data, the utility of other immunosuppressive agents is not well established.

Sintilimab is a humanized monoclonal IgG4 antibody which was approved for the treatment of hematological cancers and several advanced solid tumors in China. The epitope of the sintilimab/PD-1 complex is located at the FG loop of PD-1, which is different from that of nivolumab or pembrolizumab Compared to nivolumab or pembrolizumab, sintilimab has a higher binding affinity with more PD-1 molecules on CD3+T cells, and has better T cell activating characteristics. Sintilimab exhibited good safety and tolerability in clinical studies (5–8). Compared to nivolumab or pembrolizumab, sintilimab has a higher binding affinity with more PD-1 molecules on CD3+T cells, and has better T cell activating characteristics. For sintilimab, the incidence of fatal treatment-related adverse events (TRAEs) ranges from 1 to 6.25%. The incidence of TRAEs for sintilimab monotherapy ranges from 0 to 2.5%. It seems to be higher than average (14). Four cases of sintilimab-induced myocarditis have been reported recently (15–18), but cardiac magnetic resonance imaging was not performed in all of these patients. In our case, the echocardiography showed that cardiac function was severely damaged with a LVEF of 35% on admission. A significant improvement of left ventricular systolic function with a LVEF of 52% was noted several days after treatment. However, cardiac MRI showed extensive myocardium fibrosis. Therefore, longer follow-up is warranted to determine whether myocardial fibrosis can fully regress and to observe the the long-term prognosis of the patient.
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Cardiac angiosarcoma is a rare disease with a high mortality rate despite its low incidence. Surgery is currently the mainstay treatment strategy for patients with this condition. Herein, we describe a case of primary cardiac angiosarcoma, including symptoms, examination findings, treatment strategy and prognosis. In 2020, the patient was admitted to our hospital, and Next-Generation Sequencing (NGS) revealed a mutation in the DNMT3A gene. Generally, DNMT3A mutations are most commonly seen in atherosclerosis and myeloid leukemia. To our knowledge, this is the first reported case of primary cardiac angiosarcoma with DNMT3A gene mutation.
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Introduction

Primary cardiac neoplasm is extremely rare, with an incidence of 0.001%-0.003%, among which only 25% of cases are classified as malignant (1). Primary cardiac angiosarcoma (PCAS) is the most common histological subtype (50%-75%) characterized by high malignancy and invasiveness. It originates from vascular endothelial cells and tends to invade the myocardium, valves, pericardium and even the coronary arteries. At the time of diagnosis, around 89% of patients reportedly have distant metastases (2, 3). PCAS patients have a poor prognosis in general, with the median overall survival (OS) estimated at around 16 months to as low as 2 months in advanced metastatic cases (4). In this case report, we present a unique case of PCAS induced by a mutation in the DNMT3 gene.



Case presentation

The patient is a 45-year-old middle-aged male, a farmer by profession, with no history of chronic diseases and no family history of tumors. He visited the Department of Orthopedics for “lumbago for a week” in early March 2020. CTimaging revealed bone destruction at the L3 vertebral level, with an abnormally low-density shadow (See Figure 1). The bone scan showed low uptake, but its properties remain to be determined. A biopsy was conducted, and pathological analysis revealed angiosarcoma (L3). Immunohistochemical (IHC) staining showed the following: CD31 (+), CD34 (+), Vimentin (+), CKp (-), S-100 (-), and 30% Ki-67-positive cells (See Figure 2). Considering that the angiosarcoma (L3) was metastatic, a whole-body CT scan was performed. Space-occupying lesions in the right atrium, liver segment S8, pericardium and bone (See Figure 3). Echocardiography (ECG) revealed: EF of 60% and FS of 31% in the Left ventricular ejection fraction (LVEF); a mean pulmonary arterial pressure (mPAP) of 17 mmHg; effusion in the pericardial cavity; pericardial thickening in the lateral right ventricular wall with the widest diameter measuring about 11 mm; and a hypoechoic lesion (6.4×5.7 cm) in the right atrial roof with inhomogeneous echogenicity causing compression of the atrium. During his hospital stay, the patient experienced pericardiac tamponade. Pericardiocentesis and pericardial drainage were performed, and 600 ml of hemorrhagic fluid was extracted and screened for cancer cells using cytology. After a period of symptomatic treatment, the patient felt better and discharge.




Figure 1 | Bone destruction of the L3 vertebral body with abnormal low-density shadow within it(arrows).






Figure 2 | Hematoxylin & eosin staining of the L3 biopsy: (A) The tumor tissue consisted of well-differentiated vascular lumen, which grew infiltratively around; (B) the lumen was irregular in size and shape, communicating with each other to form anastomosis or communication, and erythrocytes were seen in the lumen; (C) the lumen was lined with monolayer, dark-stained endothelial cells, partly forming papillae in the lumen, and the tumor cells were heterogeneous with large, dark-stained, heterogeneous nuclei.






Figure 3 | CT examination of the patient. (A-C) Patient’s initial CT image in March 2020. Space-occupying lesions in the right atrium, liver segment S8, pericardium; (D-F) CT images at the time of the patient’s readmission in May 2020. The right atrium and liver lesion were found to be significantly larger than before, as well as pericardial effusion, right pleural effusion and incomplete right lower lung distension were detected; (G-I) Efficacy evaluation after 1 cycle of chemotherapy with stable disease in June 2020.



The patient was readmitted to the hospital in May 2022 with chest tightness, shortness of breath, and pain in the anterior chest region. A CT examination was performed and the right atrium and liver lesion were found to be significantly larger than before, as well as pericardial effusion, right pleural effusion and incomplete right lower lung distension were detected (See Figure 3). It was a challenge to determine the primary focus, for which we conducted a multidisciplinary discussion, and by reviewing the literature we found that angiosarcoma with primary origin in the heart accounted for 23.5%, while the percentage of primary in the liver and vertebral body was 7.4% and 4.4%. In addition, through imaging we found that the lesion in the liver was most likely due to direct invasion of the right atrial lesion into the liver (See Figure 4), so we judged that the primary lesion in this patient was the right atrium. Considering the risk of rupture of the cardiac tumor at any time, the patient was advised to remove the cardiac tumor and repair the wall of the right atrium, but the patient and his family refused the surgery considering the riskiness and cost of the procedure. Before starting treatment, we performed NGS of the L3 bone puncture specimen and found a 10.7% abundance of a missense mutation in exon 19 of the DNMT3A gene (p.Glu733Ala). There is no standard treatment option for patients with advanced metastatic PCAS. Although we identified mutations in the DNMT3A gene, there are no corresponding targeted drugs; the TMB of this patient was 1.0 mutations/Mb, microsatellite stability(MSS) type, suggesting that immunotherapy may not be effective; meanwhile, the patient’s tumor progressed too fast, the radiation treatment time was long, and there was a risk of acute cardiac rupture during the treatment, and the radiotherapy department evaluated and recommended 2 cycles of chemotherapy first to evaluate the efficacy before deciding whether to give radiotherapy. Therefore, we chose Gemcitabine (1.4 g, Day 1, 8) and Docetaxel (150 mg, Day 8) for two cycles starting May 2020. The Gemcitabine dose was then increased to 1.5 g in June and after 1 cycle, stable disease (SD) was achieved on CT scan (See Figure 3). However, in mid-July, the patient presented with acute chest pain, with blood pressure fluctuating between 80-90 and 40-50 mmHg. CT scan indicated significant pleural effusions (See Figure 5), and a routine blood test revealed an RBC of 2.69*10-12/L and HGB of 76 g/L. Combining the medical history, we hypothesize that the bleeding could have been caused by cardiac tumor rupture; and the patient subsequently died three days later.




Figure 4 | Direct invasion of the liver by a right atrial lesion(arrows).






Figure 5 | Massive pleural effusion, diagnosis of cardiac tumor rupture, but no exact bleeding point found.





Discussion

PCAS is a very rare malignant tumor. According to Epidemiological statistics there were 16 PCAS patients admitted to the Peking Union Medical College Hospital from January 1990 to June 2017, 40 PCAS patients at the French Sarcoma Group from 1977 to 2010, 16 PCAS patients at the British Columbia Cancer Agency from 1990 to 2006, and 9 PCAS patients at the Cleveland Clinic from 1988 to 2013. In addition, a total of 168 PCAS cases from 1973 to 2013 were documented in the SEER database. PCAS is a highly aggressive tumor that affects more males than females, with a mean age of onset of 44.4 ± 15.5 years old. The lungs, liver, brain, lymph nodes, bone, adrenal gland, and spleen are the most common sites of metastasis in the early stages. Besides, PCAS patients have a short overall survival time, with a reported median of 12-14 months abroad and a median of 3 months in China (5–8). In most cases, PCAS originates from the right atrium, presenting with cough, chest tightness, shortness of breath, palpitation, fever or weakness in the early stage, as well as other non-specific symptoms such as dyspnea and chest pain in the later stages (9). Metastatic lesions can induce various symptoms, including lumbago, which was the initial presentation of our patient.

Imaging is a valuable tool for diagnosing and evaluating PCAS. The ECG is the most basic non-invasive diagnostic tool available that can be used to detect around 75% of primary cardiac malignancies. Additionally, it provides critical information on valve function, tumor site, and the relationship between the tumor and the heart wall. Furthermore, ECG can also be used to assess cardiac function (10). In contrast, CT scans are often used for cancer diagnosis by revealing the presence of a cardiac space-occupying lesion, lesion enhancement using a contrast agent, lesion attachment to the myocardium, central necrosis and uneven density of the tumor, pericardial effusion, local invasion, and distant metastasis. Positron emission computed tomography (PET) is a non-invasive preoperative test that can identify primary lesions and potential metastases via their hypermetabolic properties (SUV value: 3.5-9.4). On the other hand, Cardiac magnetic resonance (CMR) can clearly reveal tumor information, including the anatomical location, size, tissue characteristics and the adjacent structures, which serve as an important reference for surgical assessment (5–11). Angiosarcoma manifestations on CMR include inhomogeneous isointense or long T1/T2 signals, mild patchy enhancement within the lesion at first and predominantly inhomogeneous enhancement during the delayed phase.

Cytology and IHC are the golden standards for the diagnosis of PCAS. Microscopically, well-differentiated PCAS has irregular vessel lumens and blood sinusoids of different diameters that are interconnected to form a mesh-like pattern. The lumens are filled with red blood cells and the inner walls are covered with tumor endothelial cells, which present with varying morphologies (spindle-shaped or epithelioid), significant atypia, abundant cytoplasm, large hyperchromatic nuclei with easily visible nuclear divisions (>10/10 HPF). In addition, local endothelial cells are hyperproliferative, manifesting as budding, protrusion or papilla. In contrast, poorly-differentiated PCAS presents with unremarkable vessel lumens with focal single-cell vessel lumen). The tumor cells are rounded or spindle-shaped, with a large nucleus and a prominent nucleolus, locally presenting with a spindle-shaped fibrosarcoma-like solid dense area. Meanwhile, surrounding tissues are infiltrated and damaged, partially involving the pericardium and accompanied by patchy hemorrhage and necrosis. Furthermore, IHC findings include diffuse enhancement of ERG, CD31, CD34, Vimentin, Fli-1 and FVIII, negative AE1/AE3, D2-40, SMA, MSA, MyoD1, Desmin, UEA-1, EMA, Myoglobin, Myosin, Calretinin, MC, WT-1, S-100 and HMB-45, and 30%-100% positive Ki-67 (12).

Given the small number of cases, there is no standardized treatment for PCAS to this date. Most medical facilities develop a personalized treatment regimen based on past experience. Therefore, there is an urgent need for evidence-based medicine. Surgery has been proven as an effective strategy to improve the prognosis of patients with localized PCAS. According to a British Columbia Cancer Agency analysis (4), the median OS in cases with resectable localized tumors is 25 months, which is substantially higher than the 6 months in non-resectable or non-R0 resections. Data from the French Sarcoma Group suggested that the median OS of localized PCAS patients receiving R0 resection, R1/R2 resection and those without surgical treatment was 38.8 months, 18.2 months and 11.2 months, respectively, with the extended survival attributed to tumor excision rather than adjuvant treatment (6). The Cleveland Clinic reported that the median OS was 67.6 months in surgical patients and 5.93 months in patients not undergoing surgery (7). In addition, the 1-, 3- and 5-year survival rates of angiosarcoma patients receiving surgical resection were 38.3%, 23.6% and 5.9%, respectively, compared to the 38.5%, 9.6% and 0% in patients not receiving surgical intervention (5). In some medical centers, heart transplantation is adopted as the main treatment strategy for PCAS; however, it was found that there was no significant superiority in terms of patient survival compared with palliative systemic therapy (9 months vs. 8 months) (13). Partial resection + extended resection + local reconstruction remains the standard procedure for PCAS. Nevertheless, R0 resection is difficult to achieve since neurovascular structures are often significantly affected by the tumor’s invasiveness, posing a serious challenge to cardiac surgery.

Neoadjuvant chemotherapy (NAC) is a viable alternative in the treatment of locally advanced PCAS patients that cannot undergo surgical resection. Radulescu et al (14) found that PCAS patients who received Adriamycin-based NAC had a median progression-free survival (PFS) of 33 months due to enhanced tumor resectability. In a cohort study comprising of 32 primary cardiac sarcoma patients (24 PCAS patients) scheduled for surgical treatment in the University of Texas Health Science Center at Houston from 1990 to 2005, NAC was conducted using Adriamycin plus Ifosfamide and Gemcitabine or Docetaxel if not tolerated. The results showed that the median OS in patients with and without NAC was 20 months and 9.5 months, respectively (15). Comparatively, palliative chemotherapy’s efficacy in advanced metastatic cases has yet to be validated by large-scale clinical trials. In the phase II ANGIOTAX trial (the only clinical trial on angiosarcoma), the objective remission rate (ORR) of patients (n=30) receiving Paclitaxel on a weekly regimen was 19%, the median PFS was 4 months and the median OS was 8 months (16). Apart from Paclitaxel, Anthracyclines, Gemcitabine, Ifosfamide, and Docetaxel are also clinically used alone or in combination. However, there were only a few case reports and retrospective studies and no randomized controlled trials to determine their efficacy. Furthermore, some targeted agents, primarily vascular endothelial growth factor (VEGF) -targeting agents such as Anlotinib, Bevacizumab, Sunitinib, and Pazopanib, are also used in PCAS treatment. Pazopanib was reportedly utilized in a case of metastatic PCAS, which resulted in complete remission following treatment (17). However, none of the agents have been subjected to large-scale clinical trials. In the present case, our patient received three cycles of Gemcitabine + Docetaxel and achieved SD. Notably, tumor markers such as CA125, NSE, and NT-proBNPa showed a consistent downward trend during treatment.

Due to the low incidence of angiosarcoma, large genomic studies have been challenging. Rosenbaum et al (18) performed genetic testing of 26 patients with angiosarcoma, the most common oncogenic or likely oncogenic abnormalities were TP53 alterations (27% of patients), MYC amplifications (23%), CRKL amplified (27%)and ATRX alterations (15%). Another genetic test that included the largest number of patients with angiosarcoma found the main mutation genes include TP53 (30%), KDR (26%), PIK3CA (21%), POT1 (19%), PLCG1 (17%), NF1 (13%), FAT1 (13%), NOTCH2 (13%), MYC (11%) and FGFR2, ATRX, BRAF, ARID1A, etc. (19). In addition, 33% of patients with angiosarcoma had recurrent amplification of the HOXA gene, which plays an important role in neovascularization and wound healing, suggesting a potential mechanism for HOXA amplification as an oncogene in angiosarcoma (20). Although more and more gene mutations have been found in angiosarcoma, but DNMT3A gene mutations have never been detected. The DNMT3A gene, located on chromosome 2p23, is made up of 26 exons and 25 introns and encodes a DNA methyltransferase that catalyzes the de novo transfer of methyl groups to specific CpG sites (21). DNMT3A is highly expressed by various hematopoietic stem cells and immune cells. Mutations in the DNMT3A gene can promote the initiation and development of atherosclerosis by inducing inflammatory reactions, and they can also increase myeloid differentiation and malignant transformation of bone marrow hematopoietic stem cells (HSCs) by interfering with their ability to self-renew (22, 23). Primary cardiac tumors are extremely rare. Angiosarcoma is the most common histologic subtype and is characterized by its permeability and destructive nature. Herein, our patient presented with a mutation in the DNMT3A gene, which draws attention to the role of DNMT3A mutation in the initiation and development of PCAS. Furthermore, whether PCAS and atherosclerosis share some pathophysiological processes and whether cardiovascular drugs are effective in this rare disease warrant further investigation.



Conclusion

Primary cardiac angiosarcoma is an extremely uncommon tumor, to sum up. This is the first account of PCAS brought on by a DNMT3 gene mutation. It is frequently underdiagnosed or misdiagnosed due to its low prevalence and cryptic clinical appearance. Clinicians should include cardiac angiosarcoma in the initial differential diagnosis if there is even the slightest hint of suspicion. Due to its great sensitivity, echocardiography is one of the most effective diagnostic methods, and CT and MR scans are frequently utilized to determine whether metastases from other sites are present or not. Next-generation sequencing (NGS) and immunohistochemical staining are further diagnostic techniques. Contrarily, there aren’t any uniformly accepted clinical standards or reliable preventative strategies. Surgery is still the preferred method of treatment. Patients with advanced disease may benefit from chemotherapy, targeted therapy, or immunotherapy, but these treatments have variable therapeutic outcomes and poor prognoses. As a result, selecting the optimum course of treatment to significantly increase patient survival and quality of life is still a difficult decision that merits additional research. Our study emphasizes how challenging it is to identify and treat this uncommon type of malignancy.
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A 50-year-old woman who had previously undergone right radical mastectomy presented with chest tightness and shortness of breath after physical activities. A cardiac mass and multiple hepatic lesions were successively detected. We first performed hepatic puncture biopsy. Histopathologic examination confirmed that the multiple hepatic lesions were venous malformations. Based on the imaging findings and previous reports in the literature, we boldly speculated that the cardiac mass was also a venous malformation. The cardiac venous malformation was successfully resected, and the postoperative pathology confirmed our suspicion.
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Introduction

Cardiac cavernous hemangiomas, which should be now classified as venous malformations (VMs) (1), account for 5 to 10% of benign mass-forming cardiac lesions/tumors (2). Most cardiac VMs are solitary and concurrence at multiple locations is rarely reported (3). A literature review reveals cardiac VM coexisting VMs at other locations in the liver, lung, pleura, and thymus (4). Here, we report a rare right ventricular VM concurrent with multiple hepatic VMs. To our knowledge, only several cases of cardiac VMs have been reported coexisting with VMs in the liver (4–6). This case describes how we first identify the extracardiac VMs and then associate it with the intracardiac VM in a patient with breast cancer history. The diagnostic insight and experience are valuable for physician communication and learning.



Case presentation

A 50-year-old female patient was admitted with chest tightness and shortness of breath after activities. The patient denied previous cardiovascular antecedents and family history. She reported a history of right radical mastectomy performed 10 years ago. She did not receive radiotherapy, chemotherapy, or endocrine treatment after the operation. On admission, the patient’s body temperature was normal (36.5°C) with a blood pressure of 139/70 mmHg, and a heart rate of 84 bpm. The patient was 158 cm tall and weighed 61.3 kg.

Physical examination revealed a grade III/VI systolic murmur at the left sternal margin. Jugular venous distention, generalized edema, and shifting dullness indicated severe right heart failure. The liver was enlarged, exceeding one transverse finger below the costal margin. By palpation, the liver edge felt slightly firm. There was no tenderness or rebound pain in the abdomen. The patient did not complain of other symptoms. The physical examination showed no positive signs of other systems.

Electrocardiography showed sinus rhythm, right axis deviation, and incomplete right bundle branch block (Supplementary Figure 1).



Laboratory examination

Routine blood examination: Hemoglobin level was 147 g/L; hematocrit level was 43.3%; and serum leukocyte and platelet levels were 3.93 × 109/L and 175 × 109/L, respectively. The biochemical investigation showed no alteration in the following serum levels: liver enzymes, albumin, urea, creatinine, potassium, glucose, and sodium. Direct and indirect bilirubin levels were elevated (20.89 and 33.88 μmol/L, respectively). Myocardial enzymes and myocardial markers including creatine kinase (CK), creatine kinase isoenzyme mass (CK-MB), myoglobin (MYO), and high-sensitivity troponin T (HS-TnT) were normal. B-type natriuretic peptide (BNP) level was 3,732.00 pg/mL. The blood tests for tumor markers were not evident except for an elevated CA125 level of 240 U/mL.



Imaging results

Echocardiography revealed a large solid mass (4.82 cm × 4.48 cm × 6.42 cm) (Figure 1A), with right ventricular outflow tract obstruction and secondary severe tricuspid regurgitation (Video 1). No abnormal echoes were detected in the pericardium or pericardial cavity. Computed tomography (CT) scan revealed right ventricular mass (Figure 1B), along with multiple occupancies in the liver. A diagnosis of breast cancer metastasis was suspected at first. Magnetic resonance imaging (MRI) was performed to further define the mass of these two organs. The cardiac mass (Figure 1C) showed iso-intensity on T1-weighted images and hyper-intensity on T2-weighted images compared with the normal myocardium of the right ventricle. The mass showed diffuse contrast uptake with gadolinium enhancement. Further, evaluation of the liver revealed multiple mass lesions with varied sizes showing progressive enhancement, indicating a typical VM (Figure 1C). Notably, the lesions of two organs were not detected in previous assessments of breast cancer.


[image: image]

FIGURE 1
(A) Preoperative transthoracic echocardiography showing a large mass measuring 4.82 cm × 4.48 cm × 6.42 cm attached to the anterior wall of the right ventricle, with a moderate to strong and relatively homogeneous echo. (B) The computed tomography scan of the patient’s chest showing a right ventricular mass (arrow) in the right ventricular outflow tract (RVOT). RA: right atrium; RV: right ventricle. (C) Reconstructed magnetic resonance imaging of the patient’s chest and abdomen showed a cardiac mass concurrent with multiple hepatic lesions. The right ventricular mass and the multiple liver lesions are indicated by a star and three arrows, respectively.


Brain MRI and abdominal ultrasound revealed no other lesions. Coronary angiography (CA) revealed no obvious stenosis in the coronary arteries and no discernible tumor-feeding artery was detected.



Management

Although homologous multiorgan lesions were suspected, they were not determined as benign or malignant. The patient underwent hepatic puncture biopsy under ultrasound localization. Results of the pathological examinations revealed hepatic VM (Figure 2A). Given her medical history and imaging findings, the diagnosis of cardiac VM and multiple VMs was highly suspected. We decided to perform a resection of the cardiac mass.
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FIGURE 2
(A) Pathological examination of the liver mass showing multiple irregular dilatated vascular spaces and layers of endothelial cells without signs of malignancy (Hematoxylin and eosin, × 200). (B) Intraoperative photograph of the excised specimen appeared as a cystic mass with a broad base and intact capsule. (C) Pathological evaluation of the cardiac mass (Hematoxylin and eosin, × 100).


Before surgery, our team administered diuresis, heart-rate reduction, and nutritional myocardial therapy. The patient’s symptoms and cardiac function improved significantly. Complete excision of the cardiac mass (Figure 2B) was performed under standard cardiopulmonary bypass. The pedicle of the mass was attached to the interventricular septum, near the anterior wall of the right ventricle. The capsule was intact, and there was no adhesion or fusion with the tricuspid valve and chordae tendinae. We completely excised the pedicle from the myocardium while preserving the ventricular structure, as well as the free wall of the right ventricle. Upon exploration, the valve annulus of the tricuspid valve was enlarged. We believe that the cardiac lesion blocked the right ventricular outflow tract, causing dilatation of the right ventricle and enlargement of the valve annulus, resulting in functional tricuspid insufficiency. We used the 28 # Edwards tricuspid annuloplasty ring to perform tricuspid valvuloplasty. Pathological examination demonstrated thin-walled interanastomosing channels lined by endothelial cells. There is no atypia, necrosis or active mitosis (Figure 2C). By immunohistochemistry, the lining cells are positive for CD31 and CD34, confirming endothelial differentiation. Based on the histological and immunohistochemical features, we diagnosed the cardiac mass as a VM. The patient was discharged 6 days after the operation.

Although multiple VMs in the liver were also detected, they were small in size. Nonetheless, the patient complained of no abdominal symptoms. The liver enlargement disappeared, and her liver function was normal. We recommended a regular follow-up. A telephone follow-up was conducted 6 months and 1 year after surgery. The patient had no discomfort and her tolerance to activity was good. In addition, cardiac echocardiography revealed no tumor recurrence or tricuspid regurgitation. No significant progression of the hepatic VMs was detected.



Discussion

Diagnosis of the cardiac VM is aided by imaging techniques. Echocardiography has become an important tool for the initial identification of cardiac VMs. Contrast-enhanced myocardial echocardiography has evolved rapidly in recent years and utilized in the diagnosis of cardiac vascular malformation (7). CT and MRI can be used to evaluate the size, location, extracardiac extension, and the degree of myocardial involvement of the malformation. In addition, MRI in this study suggested that the lesions were of vascular origin, which facilitated the diagnosis and differential diagnosis. Typically, cardiac VM shows isointense and high signal intensity compared with myocardium in T1- and T2-weighted images, respectively (5, 8, 9). Homogeneous enhancement after contrast infusion is another typical manifestation of cardiac VM (8–10). The high vascularity of cardiac VM is of great diagnostic value clinically. Besides, CA can be used to evaluate the presence of feeding vessels. However, imaging examination only provides limited diagnostic clues for cardiac VM. Biopsy is needed for a definitive diagnosis.

In this case, the patient was first diagnosed with a right ventricular mass, and further examination revealed concurrent multiple liver masses. Given that right ventricular occupying lesions are generally malignant, and both cardiac (11) and hepatic (12) metastases of breast cancer have been reported, it was initially believed that the cardiac mass, in this case, was malignant. However, as the diagnosis progressed, we assumed that the cardiac lesion was more likely to be benign. First, the mass was confined to the right ventricle, without obvious myocardial infiltration or invasion of other cardiac chambers, pericardium, or pericardial cavity. Both imaging and pathological findings showed that multiple liver lesions were VMs. The possibility of multiple metastases from breast cancer was ruled out. Finally, as mentioned above, cases of cardiac VM concurrent with hepatic VM have been reported in the literature. Despite the patient’s history of breast cancer as a confounding factor, preoperatively, we believed that the cardiac mass was likely consistent with the nature of the lesions in the liver, which was also a VM. Total resection is possible in most cardiac VMs, but a few cases cannot be excised (10). The diagnosis of previously reported cases of cardiac VMs was almost established by biopsy of surgically excised specimens, suggesting that the benign or malignant nature of the lesion was uncertain before surgery. Our team first identified the multiple liver mass as VMs pathologically Combined with the imaging findings, the mass in the heart was suspected as a VM. The postoperative pathology confirmed our suspicion.

The cause of VMs remains unclear. Previous studies have shown that somatic mutations in TIE2, PIK3CA, MAP3K3 and other genes lead to VMs (13–17). Although abnormal veins are present at birth, deep lesions often grow within the body and remain undetected until symptoms appear (18). VMs can progress rapidly in response to changes in hormone levels (during puberty or pregnancy), infection, trauma, and inappropriate treatment (19, 20). However, the etiology of cardiac VMs is rarely reported. In our case, the lesions of two organs were not detected in previous assessments of breast cancer. The patient did not receive chemotherapy or endocrine therapy after surgery for breast cancer. We speculate that the progression of VMs may be related to her perimenopausal period.

In summary, we reported a rare case of right ventricular VM concurrent with multiple hepatic VMs. The decision to operate the patient was based on relatively clear diagnosis of the nature of the lesion. In addition to complete resection of the right ventricular VM, we also performed a successful repair of the tricuspid valve. Long-term follow-up is required, especially to evaluate recurrence and right heart function.

Despite its rarity, clinicians need to be aware that cardiac VMs are occasionally associated with extracardiac VMs. However, any underlying mechanism is unknown.



Patient perspective

“As a patient, I am glad that the cause of the disease has been found and solved. I underwent radical surgery for breast cancer 10 years ago. In recent years, I haven’t seen my breast surgeon again. At first, I thought the breast cancer had returned and metastasized, which frightened me. Fortunately, both the cardiac and hepatic tumors were benign. I am very grateful to the doctors and nurses who treated me.”
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To the best of our knowledge, thus far there are no reported cases of melanotic neuroectodermal tumor of infancy (MNTI) with multiple complications. In this case report, we describe the clinical phenotype of MNTI in a 9-month-old female infant associated with tetralogy of Fallot (TOF), a congenital heart defect, and congenital hypothyroidism (CH). Our study showed that the growth of MNTI was delayed by a lower dosage of levothyroxine (L-T4) that was prescribed to treat CH because of the presence of TOF, a severe congenital heart disease. However, the standardized dosage of L-T4 improved thyroid function but stimulated the rapid growth of MNTI. Our report demonstrated that treatment with L-T4 affects the progression of MNTI. Our findings demonstrated the role of thyroid hormone in MNTI growth and progression. Furthermore, our study suggested that the treatment of co-morbidities in children with MNTI requires careful consideration of their effects on the growth and progression of MNTI.
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Introduction

Melanotic neuroectodermal tumor of infancy (MNTI) is a rare, rapidly growing, benign, and pigmented tumor of neural crest origin that was first reported by Krombecher as congenital melanocarcinoma in 1918 (1). To date, nearly 500 MNTI cases have been reported worldwide. The mean age of onset for MNTI is 5 months and is mostly reported in male infants under 1 year of age (2). More than 90% of the MNTI lesions occur in the craniofacial region, especially in the maxillary (62.2%), cranial (15.6%), and mandibular (7.8%) regions; the other locations of MNTI lesions include the testes, epididymis, ovaries, uterus, and soft tissues of the extremities (3). The histopathological features of MNTI lesions indicate the presence of small rounded neuroblast-like cellular areas surrounded by large areas of melanin-containing cells that include a combination of epithelial, neural, and melanocytic cells. The MNTI lesions show rapid, infiltrative growth. Surgical resection is the conventional treatment for MNTI. However, the recurrence rate is 10–60% because of anatomical limitations and incomplete excision to prevent damage to the adjacent tissues (4). The differential diagnosis of MNTI includes other small blue round cell tumors in children, such as neuroblastoma, Ewing’s sarcoma, adenoid rhabdomyosarcoma, melanoma, and clear cell sarcoma (CCS) of soft tissue. Previously published studies mainly focused on the histopathological and immunohistochemical differences between the lesions in different anatomical sites, the scope of surgical resection treatment, and age-related characteristics (5, 6). However, so far, none of the reports have reported a variety of complications in the same case. Therefore, in this case report, we describe a 9-month-old female infant with a single, painless, non-ulcerated, pigmented, fast-growing, cranial (top of frontal) neoplasm with features that are as described previously for MNTI lesions. The patient was also diagnosed with TOF, a severe congenital heart disease, and CH after birth. Low-dose L-T4 treatment suppressed MNTI growth, but the tumor size increased significantly after cardiac surgery and standardized L-T4 treatment. This suggested that precautions and careful follow-up are necessary for treating MNTI patients with co-morbidities involving thyroid dysfunction and cardiac malformations. Moreover, genetic testing is recommended for cases with multiple organ diseases to determine the potential underlying genetic abnormalities. In cases without evidence of mechanisms promoting MNTI growth and development, our study suggested that medications reducing thyroid function may control tumor growth.



Case description

This case described the clinical characteristics of a 9-month-old girl with a 6-month history of growing mass in the left frontal cortex with faster growth in the recent 3 months. She was diagnosed with TOF and CH after birth and underwent radical surgery at the age of 6 months. The patient was given a reduced L-T4 dose for CH treatment because of the underlying TOF. After surgery, the dosage was gradually increased.


Physical examination of the melanotic neuroectodermal tumor of infancy

The tumor was present on the left forehead and showed basal fixation. It was hard, about 3 cm × 4 cm in size, and did not show any signs of neurologic involvement. The skull did not show asymmetry, cutaneous lesions, or inflammation. Neck mass was not observed. There were no symptoms of chronic hypoxia, such as paroxysmal cyanosis and clubbing fingers. The physical growth and development of the infant were normal and in range for her age group.



Brain computed tomography scan details

The brain CT scan showed irregular bone structure with mixed density mass on the left side of the cranial plate in the forehead, slightly reduced brain mass density in the bilateral parietal lobes, and wider ventricles and extracerebral spaces as shown in Figure 1.
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FIGURE 1
A representative image of the head CT scan shows the irregular bone structure with mixed density mass on the left side of the cranial plate in the median frontal area, slightly reduced density in the bilateral parietal lobes, widening of the ventricles and extracerebral space, and thickening of the septal sinus mucosa. (A) Sagittal view shows a mass in the frontal area. (B,C) Soft tissue window at the central level of the lateral ventricle show a high-density mass in the left frontal region. (D) Bone window at the central level of the lateral ventricle: the bony structure of the left cranial plate in the middle frontal region is irregular, and there is a mixed density mass shadow.




Cardiac ultrasound characteristics

The postoperative cardiac ultrasound (Figure 2) showed that the inner diameter of the cardiac cavities was within the normal range. However, the motion amplitude of the ventricular septum was reduced. The ventricular septum and the left ventricular posterior wall were not thick. The left ventricular posterior wall showed normal motion. The atrial septum was continuous and complete. A strong patch echo was observed around the ventricular septum. The surrounding tissues did not show any obvious cracks. The morphological structure and the opening and closing movements of the valves were normal. The right ventricular outflow tract was not obstructed. A hypertrophic muscle bundle was not detected. The inner diameter of the pulmonary artery was normal (Figure 2). Doppler examination did not detect any shunt signal at the systolic ventricular level. The peak forward flow velocity of the pulmonary artery flow was 2.2 m/s (Figure 2).
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FIGURE 2
A representative image of the cardiac ultrasound (postoperative) shows the normal internal diameter of each chamber, low septal motion amplitude, and strong plaque echoes around the septum. The right ventricular outflow tract is not obstructed. The muscle bundles are not hypertrophic. The internal diameter of the pulmonary artery was normal.




Thyroid function tests

The thyroid function was normal at admission.



Surgical removal, histopathology, and immunohistochemical details of the melanotic neuroectodermal tumor of infancy

After admission, the left frontal tumor was resected under general anesthesia. After satisfactory anesthesia, the skin in the surgical area was routinely disinfected. An incision was made through the skin tissue, capillary tendon membrane, and the periosteum at the top of the frontal curvature to expose the skull. The skull in the surgical area was abnormally elevated, dark red in color, and poorly defined in comparison with the surrounding normal skull. Second, the abnormal skull was bitten, with a loose texture and poor blood supply. The abnormal skull was removed by grinding and drilling, and the cap-like aponeurosis, subcutaneous tissue, and skin were sutured. The wound was pressure dressed. The operation went smoothly without much bleeding. The patient was discharged after suture removal.

Under the postoperative pathological microscope (Figure 3), most of the lesion tissue was hyperplastic and fibrous with abundant new bone trabeculae. Few bone trabeculae showed osteoblasts. Irregular epithelioid cell clusters were scattered in the hyperplastic fibrous tissue. Melanin particles were observed in some cells. In between fibrous tissues, small blue cells with obvious multi-focal compression were observed.
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FIGURE 3
Representative image (× 100) shows the histopathological analysis of the tumor tissue. The tumor tissue consists mainly of neuroblastoma-like cells and melanin-containing epithelial cells. (Left) The small round or square and primitive neuroblastoma-like cells are large and contain melanin granules in the cytoplasm of the epithelial cells. The deep-stained and shrunken neuroblastoma-like cells are mostly arranged in nests with extruded nuclei. (Right) Pigmented epithelioid cells with vacuolated nuclei are observed in the large area surrounding the neuroblastoma-like cells. Some areas are mainly composed of pigmented epithelioid cells arranged in sheets, nests, or beam bundles, with dense fibrous connective tissue between the nests of cells, and some areas can be seen as bone trabeculae with visible nuclear schizograms (0–2 per 10 high magnification fields).


Immunohistochemistry of the lesion showed cytokeratin (CK)-positive epithelial cells, synaptophysin (syn)-positive small blue cells, S-100-positive, HMB45-positive, CD99-negative, CD3-negative, NSE-positive, ERG-positive vascular endothelium, and 15% Ki67-positivity (Figure 4). Based on these findings, the lesion was diagnosed as MNTI.
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FIGURE 4
Representative immunohistochemical staining images (× 200) (from left to right) of the MNT1 tumor sections for cytokeratin (CK, epithelioid +), S-100 protein (epithelioid +), melanoma antibody (HMB45, epithelioid +), neuron-specific dilute alcoholase (NSE, small round cell +), synaptophysin (Syn, small round cell +), and Ki67. Nearly, 15% of the nuclei were Ki-67 positive.


The postoperative outcome of the patient was good and did not show any additional neurologic impairment. Chemotherapy and/or radiotherapy were not required. The timeline of the patient’s clinical journey is shown in Figure 5. Brain MRI at the 12-month follow-up did not show any tumor recurrence.
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FIGURE 5
Timeline of the patient’s clinical journey.





Discussion

MNTI is a rare tumor of neural crest origin that is associated with increased urinary excretion of vanilloid acid (7). The biphasic population of melanocytes and primitive neuroectodermal cells in MNTI are both linked to the neural crest cells (NCCs), which are unique migratory pluripotent stem cells in the vertebrates that are required for the generation of critical components of the craniofacial skeleton, melanocytes, and ganglia of the peripheral nervous system. The generation, migration, and differentiation of NCCs are tightly regulated. Therefore, aberrant development of the NCCs causes embryonic developmental abnormalities and is associated with a spectrum of disorders called neurocristopathies (NCPs). The majority of the known craniofacial developmental defects are associated with alterations in NCC development. Moreover, craniofacial birth defects account for almost one-third of all congenital birth defects reported in humans (8). Neuroblastoma is the most common cancer in infants who are younger than 1 year old and accounts for 1 in every 100,000 births (9). Reed (10) classified NCPs based on the presence or absence of accompanying tumors into developmental abnormalities (dysplasias), neoplasms, and combination of malformations and tumors. This classification was too simple and underestimated the incidence of neural crest disease because of the high variability of the NCPs and inaccurate diagnosis of the minor phenotypic malformations.

Clinically, MNTI is described as single, painless, non-ulcerated, pigmented, and fast-growing neoplasms. In this case-report, a fast-growing mass appeared in the left frontal cranial plate, after the child underwent radical surgery for TOF, a congenital heart disease, at the age of 6 months. This was consistent with the morphological characteristics of MNTI. The pre-operative CT image showed irregular bone structure and irregular soft tissue mass on the left side of the cranial plate in the middle of the forehead, and non-uniform density and “needle-like” periosteal reaction in the parietal bone (11). MNTI neoplasms are mainly composed of melanin-containing epithelial cells and small round neuroblastoma-like cells. MNTI is highly heterogeneous. Therefore, immunohistochemistry is an important tool for the diagnosis of MNTI. The epithelial-like cells in MNTI show higher levels of CK and HMB-45, and reduced S-100 protein levels. The small round neuroblastoma-like cells in MNTI lesions show high expression levels of CD56 and synaptophysin. The neuron-specific enolase is observed in both types of cells. In this study, the immunohistochemical staining data for the patient was consistent with previous reports. However, immunohistochemistry does not reflect the biological behavior of the tumor.

MNTI biopsies is susceptible to misdiagnosis as neuroblastoma. However, neuroblastoma lacks epithelial cells with melanin and is negative for CK and HMB45. The differential diagnosis of MNTI includes other small round blue cell tumors in children such as Ewing sarcomas, adenoid rhabdomyosarcomas, melanomas, and soft tissue CCSs. Ewing sarcoma shows varying degrees of neuroectodermal differentiation and includes morphologically similar small round blue cell tumors and common chromosomal translocations. The Ewing sarcoma family of tumors (ESFTs) are characterized by chromosomal translocations involving one of the several genes of the ETS family (FLI1, ERG, ETV1, ETV4, and FEV) and the EWS gene called Ewing sarcoma breakpoint region 1 (EWSR1) on chromosome 22q12. The most commonly reported chromosomal translocation is t(11;22) (q24;q12), which involves the EWS and FLI1 genes and is observed in 83% of cases with ESFTs. This occurs through an in-frame fusion of the EWS gene at 22q12 and the FLI1 gene at 11q24 resulting in the formation of the EWS-FLI1 fusion gene product (12). The tumors with the EWS/FLI-1 fusion gene are characterized by small round cells that are arranged closely to form a Homer-Wright daisy-chain structure and the membrane-positive staining for the MIC gene product, CD99, in 90% of the cases. CD99 staining plays an important role in the diagnosis of Ewing sarcoma. However, Ewing sarcomas lack melanin-containing epithelial cells.

Adenoid rhabdomyosarcomas show morphological similarities with MNTI including adenoid or solid nested structures formed by naive small round cells with specific chromosomal abnormalities. The most common chromosomal translocation in adenoid rhabdomyosarcomas is the t(2;13) (q35; q14) translocation that generates the PAX3/FOXO1 fusion gene. The fusion proteins in adenoid rhabdomyosarcomas act as transcriptional activators and regulate myogenic differentiation by altering cellular growth, motility, differentiation, and apoptotic pathways that promote tumor development and metastasis. The nuclear schwannomas show diffused positivity for MyoD1 and myogenin and mostly negative staining for synaptophysin and NSE. In MNTI, transverse myoblast differentiation is occasionally seen, but not in small biopsies.

Since epithelial cells in MNTI neoplasms produce melanin, they need to be differentiated from melanomas. Melanomas are generally heterotypic and can be screened using the S-100 protein. However, the S-100 protein cannot be used as a confirmatory indicator because of its low specificity. Melan A, HMB45, and tyrosinase show higher specificity and varying sensitivity in melanomas, whereas CK and neuroendocrine markers are negative. Furthermore, in the melanomas, the Ki-67 positivity index and cyclin D1 expression levels were high and did not decrease with lesion depth. Therefore, for comprehensive diagnosis of MNTI, two or three of the above-mentioned markers are combined with the S-100 protein index (13).

A slow-growing painless tumor mass is characteristically observed in more than half of the patients with primary soft tissue CCS. In patients with CCS, immunohistochemistry analysis shows strong positivity for S-100, HMB45, melanA, and Vimentin. CCS is also associated with the t(12;22) (q13;q12) translocation and lack of neuroblastoma-like cells (14).

In this case, intraoperatively, the endplate of the milled bone flap showed a “pinprick-like” protrusion that was infiltrative and closely associated with the deep dura mater. This suggested that preoperative imaging was important for the diagnosis of MNTI to provide a reference for guiding the extent of surgical resection of the lesion and the surrounding tissues.

Surgical excision of the lesion is the treatment of choice for patients with MNTI. The prognosis for MNTI is generally good with a postoperative recurrence rate of approximately 15–45% mostly due to incomplete resection of the primary lesion (2). In 3% of MNTI cases, metastasis to the lymph nodes or the central nervous system has been documented (15, 16). Some studies suggest that the resection of the primary lesion should be expanded to remove the majority of the tumor that invades the surrounding tissues to decrease the rates of recurrence. However, it is difficult to determine the scope of expanding the resection site because the tumor originates mostly in the head and face and represents obstacles from anatomical structures (17). Adjuvant chemotherapy or combined radiotherapy is recommended as an alternative to surgery for patients with MNTI when total resection of the tumor is not possible or in cases with contraindications to surgery (18). Furthermore, age at diagnosis is a risk factor for recurrence. Infants diagnosed within the first 2 months of life have the highest likelihood of recurrence within 6 months and the shortest disease-free survival; infants diagnosed at 4.5 months or older have the lowest risk of recurrence; and those diagnosed between 2 and 4.5 months have an intermediate probability of recurrence (5). In this case, although the child was diagnosed at 6 months of age, the previous history of CH and congenital heart disease raised concerns regarding other co-morbidities and the risk of recurrence within 6 months. During the resection of the left frontal mass, we observed characteristic pigmentation of MNTI and localized “pinprick-like” reaction of the skull and adhesion of the tumor tissue on the dura mater. Although the resected tumor could have been frozen rapidly and sent for pathological examination, the extent and severity of surgical trauma would have affected the pathological findings. The tumor tissue was too close to the bone margin. Although the bone margin in the bone window did not show any obvious abnormality by visual observation, the skull was enlarged and 1 cm of tissue around the bone window was removed. The affected dura was also removed, and a dural patch was applied to repair the dural defect. The results of the 12-month postoperative follow-up showed that the child was in a good condition without any recurrence of the tumor mass in situ despite the choice to expand the surgical resection area, which increased the tissue trauma to the child. Therefore, although MNTI is a benign tumor, it is characterized by rapid growth and confers destructive effects on the adjacent tissues. The incomplete excision of the primary lesion because of anatomical constraints may lead to local recurrence. Therefore, early diagnosis and treatment are necessary. Moreover, the impact of other comorbidities or congenital developmental malformations needs to be observed during treatment and follow-up. The most effective treatment is complete resection of the lesion and the surrounding tissues that may be invaded by the tumor.

The aggressive course and poor prognosis of MNTI are based on the following prognostic indicators: nuclear schistosomes seen in more than 2 out of 10 high power fields (HPFs); greater than 25% Ki67 positive index; CD99 expression status; higher proportion of neuroblastoma-like cells compared to the epithelioid cells (6). In the present case, Ki67 positivity suggested rapid growth of the tumor and the risk of invasion. However, nuclear schistosomes in 0–2 out of 10 HPFs, negative CD99 staining, Ki-67 positive index of 15%, and appropriate ratio of the neuroblastoma-like cells to the epithelioid cells suggested a good prognosis for this child. The results of the 12-month postoperative follow-up showed the absence of in situ recurrences and confirmed the prognosis of the immunohistochemical index.

Characteristic cytogenetic or molecular abnormalities have not yet been identified in MNTI. The inhibition of Wnt and Shh signaling in the chicken embryos triggers craniofacial malformations and congenital heart disease by altering their migration and survival of NCCs and reducing the number of cranial and cardiac NCCs (19). Furthermore, mutations in the mouse and human Pax3 genes lead to a spotted (Splotch) mutant phenotype and Waardenburg type I syndrome, respectively; the pure Splotch embryos show severe neural crest cell (NCC) defects with complex phenotypes such as spina bifida, extracerebral malformations, and cardiac outflow tract abnormalities (20). Pax3 expression is upregulated in glioblastomas, neuroblastomas, melanomas, rhabdomyosarcomas, and gastric cancer (21). Liang et al. (22) reported that Pax3 overexpression promoted human glioma cell proliferation, survival, and cell cycle progression by altering the expression levels of Wnt signaling proteins, such as β-catenin, Myc, VEGF, cyclin D1, MMP7, and Wnt1. Several transcription factors and signaling pathways synergistically regulate the complex developmental process of the NCCs. Therefore, aberrations in any of these regulatory proteins can affect the formation, migration, and differentiation of the NCCs, and promote the generation of neural crest-like progenitors.

Tetralogy of Fallot is the most common form of cyanotic congenital heart disease that accounts for 3–5% of all congenital heart diseases; it has a worldwide prevalence of about 0.05% and is most common in Asia (23). The embryologic pathogenesis of the tetralogy of Fallot is complex and involves aberrant neural crest cell migration, mesenchymalization of endothelial cells, and cardiomyocyte differentiation. Notch l and Notch 2 are expressed in specific cell populations of the neural crest-derived outflow tract and the epicardium, and play a key role in the cell-autonomous growth and differentiation of the cardiac neural crest precursors into the SMCs; defects or differential changes in some of these loci can cause congenital heart defects (24). In patients with tetralogy of Fallot, NOTCH1 gene mutations are detected in nearly 4.5% of cases and are considered the predominant causative gene; mutations in the NOTCH1 and JAG1 genes in the Notch signaling pathway are associated with congenital heart disease (25). In this case, MNTI was associated with the manifestation of congenital heart disease and CH. Therefore, mutations and abnormalities in the genetic regulation network (GRN) of the NCCs should be investigated in such cases. Genetic testing of the co-morbidities can add more clinical phenotypes to the spectrum of NCPs and related diseases.

CH is a common disorder of the endocrine system in newborns and infants that can severely impair mental and physical development in children. The worldwide prevalence of CH is 20–200 per 100,000 and 85% of these cases are caused by abnormal thyroid differentiation, migration, or growth (hypothyroidism), and resistance against the thyroid stimulating hormone (26). Thyroid development, differentiation, and migration to their final location in the fetal tissues are regulated by transcription factors such as the paired box gene 8 (PAX8), thyroid transcription factor 2 (TTF2, also known as FOXE1), and the NK2 homeobox 1 (NKX2.1) (27). Several genes implicated in thyroid dysplasia are also associated with abnormalities in other tissues and organ development. It has also been shown that the migration and differentiation of the NCCs are involved in the formation of endocrine glands such as the thyroid. The migration and differentiation of the NCCs are regulated by a variety of signaling proteins such as the retinoids, fibroblast growth factor (FGF), endothelins, and the members of the Wnt signaling family (28). During fetal and neonatal development, deficiency of thyroid hormones impaired proliferation, migration, and differentiation of the thyroid-sensitive neurons resulting in the development of CH that caused neurological impairment, growth retardation, and mental retardation. Children with CH exhibit significant lag in visual, language, and fine motor development, and the symptoms are irreversible. DUOX2 gene mutations are the most common cause of thyroid hormone synthesis disorder in the Chinese population (27). In this case, a previous ultrasound examination showed a normal location of the thyroid gland and excluded ectopic factors. However, genetic testing was not performed in this case. Therefore, the clinical features and etiology of the congenital thyroid defect could not be clarified.

Once CH is diagnosed, treatment should be administered immediately. L-T4 is the first choice of treatment for CH. However, in patients with severe congenital heart disease, the initial dose of L-T4 should be reduced. In this case, TOF, severe congenital heart disease was diagnosed soon after birth in combination with CH. The MNTI tumor did not show any significant increase in size during reduced L-T4 therapy. However, the tumor size was significantly increased after cardiac surgery and standardized L-T4 treatment. This suggested that the reduction of L-T4 because of TOF affected the complete recovery from hypothyroidism but retarded the growth of the tumor. After congenital heart surgery, the standardized use of L-T4 improved the recovery of thyroid function but accelerated tumor growth. Age-related growth of the MNTI tumor cannot be ruled out in this case. However, this case also suggests that MNTI tumor growth may be associated with adequate treatment of CH. Future studies of MNTI cases at a later stage would shed more light on the potential dysmorphic syndromes or neurodevelopmental disorders associated with MNTI. Furthermore, advances in genetic and other biochemical tests would aid in early prenatal diagnosis and therapeutic management.



Conclusion

Congenital heart disease and/or congenital hypothyroidism are common complaints in children. However, their association with congenital neoplastic disorders is not clear. Our study shows that the growth and development of MNTI neoplasms require comprehensive and constant monitoring. Moreover, therapeutic interventions to co-morbidities may result in the progression of MNTI tumor growth. Genetic factors are the major risk factors for NCPs. Furthermore, large phenotypic heterogeneity and etiological homogeneity of the NCPs can significantly challenge unraveling the underlying pathogenic mechanisms of NCC development. Therefore, precise elucidation of the pathogenic mutations in the NCPs will help the development of targeted therapeutic and preventive tools.
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Endothelial Growth Factor Receptor (EGFR) mutations are frequently found among NSCLC patients. Second-generation Tyrosine Kinase Inhibitor (TKI) Afatinib is frequently used in this population of patients achieving better results than cytotoxic chemotherapy in terms of survival and progression. Afatinib-related cardiotoxicity has been rarely reported. Here we comment on a clinical case of a Takotsubo Cardiomyopathy Afatinib-induced in an NSCLC patient.
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Clinical case

A 57-year-old woman with heavy active smoking history was hospitalized due to convulsive syndrome. A brain computed tomography (CT) scan showed an expansive lesion suggesting metastasis. A thorough workup in search of a primary malignancy including a thoracic CT scan reported a mass in the right lung upper lobe. Lung biopsy showed a squamous non-small cell lung cancer (NSCLC) with an Epidermal Growth Factor Receptor (EGFR) exon 19 deletion. The patient started treatment with Afatinib continuously, achieving partial clinical response according to Response Evaluation Criteria in Solid Tumors (RECIST) 1.1. Since the earliest cycles of Afatinib, the patient developed a mild skin rash. This situation is commonly observed among patients that are undergoing anti-EGFR treatments.

After 19 four-week cycles of Afatinib treatment, the patient was admitted due to a severe skin eruption that was considered secondary to Afatinib use, grade 3 according to CTCAE V5.0 (1). The dermatologist’s prescription indicated systemic steroidal therapy and, a multidisciplinary team confirmed that this severe cutaneous toxicity was related to Afatinib use, defining the interruption of this treatment, and achieving then the remission of the cutaneous syndrome. However, one week later after the hospitalization, the patient developed a rapid onset of upper extremity edema and dyspnea on minimal exertion. A thoracic CT showed progression of disease with a new mediastinal mass and superior vena cava thrombosis. Anticoagulation and a course of corticosteroids was started, with a good initial clinical response. By day 11 of hospitalization she presented an anxiety crisis followed by oppressive chest pain and dyspnea. Physical examination revealed tachycardia of 115 bpm, blood pressure 140/80 mm Hg, and oxygen saturation of 90% without oxygen support. The patient appeared to be in mild respiratory distress, with jugular vein distention, S3 gallop on cardiac auscultation, and crackles in both lower lung fields. Electrocardiogram showed ST segment elevation in anterior and septal walls (V2 and V3), with symmetrical T wave inversion in all anterior segments (DI, aVL, v4 to V6), and prolonged corrected QT interval (more than 500 ms). Electrocardiograms at TTS diagnosis, at day 2, and day 7 are shown in Figures 1–3, respectively. High-sensitivity troponin levels were raised (0.147 ng/mL, upper reference limit <0.03 ng/ml). A transthoracic echocardiogram (TTE) was performed, revealing akinesis of all middle and apical segments, basal anteroseptal hypokinesis and severe left ventricular systolic dysfunction with left ventricular ejection fraction (LVEF) of 30% (biplane Simpson method). Global longitudinal strain (GLS) – by speckle tracking technique – was severely reduced (−6.7%), displaying a circumferential pattern in the Bull’s eye plot (Figure 4). These findings were highly suggestive of Takotsubo cardiomyopathy syndrome (TTS). Facing a poor clinical scenario due to a NSCLC metastatic disease, multidisciplinary team (oncologist, intensive care unit and cardiologist) considered that undergoing a coronary angiographic study was an extraordinary measure, so it was discarded. Nonetheless, patient was transferred to the intensive care unit. Medical therapy was initiated, including vasodilators and diuretics, and beta-blockers were introduced after relieving pulmonary congestion. The patient evolved with a prompt clinical and biochemical recovery. Echocardiographic follow up showed progressive improvement of initial findings, achieving complete recovery at three weeks after diagnosis, with no segmental motion abnormalities, a LVEF of 60%, and a peak GLS of −21% (Figure 5). A liquid biopsy showed the presence of the T790M resistance mutation, and Osimertinib was started. Unfortunately, the patient died a few months later due to progression of disease.
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FIGURE 1
Electrocardiogram series. Shows the electrocardiogram at TTS diagnosis ST segment elevation in anterior and septal walls (V2 and V3), with symmetrical T wave inversion in all anterior segments (DI, aVL, v4 to V6), and prolonged corrected QT interval (more than 500 ms).
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FIGURE 2
Electrocardiogram series. Shows electrocardiogram at day 2 since TTS diagnosis: A slight ST segment elevation (1 mm) in V1 is added compared with previous EKG.
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FIGURE 3
Electrocardiogram series. Shows electrocardiogram at day 7 since TTS diagnosis: A Wellens Pattern (type 1) is now observed in V2 and V3 leads t wave inversions and prolonged QT interval remains.
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FIGURE 4
Global longitudinal strain (Bull’s eye plot) at day 0. Akinesia of all middle and apical segments, with circumferential pattern. Global systolic function is severely compromised (GLS −7%).
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FIGURE 5
Global longitudinal strain (Bull’s eye plot) at day 22. There is a remarkable, and practically complete, recovery from the severe initial compromise of the segmentary wall motion abnormalities observed on day 0. Global systolic function is preserved (GLS −21%).




Discussion

Epidermal Growth Factor Receptors (EGFR) superfamily includes 4 subtypes of receptors currently named EGFR/ERbB1, ErbB2, ErbB3, and ERBb4. These tyrosine kinase EGFR groups have an important role in both embryological and postnatal development, including the cardiovascular system.

Endothelial Growth Factor Receptor (EGFR) amplification and mutations are involved in carcinogenesis, and among non-small cell lung cancer (NSCLC) patients show a high heterogeneity rate. Afatinib, a second-generation tyrosine kinase inhibitor (TKI), produces an irreversible covalent binding not only to EGFR but also to ErbB2, ErbB3, and ErbB4, achieving better results compared with gefitinib and cisplatin-doublet-based chemotherapy in NSCLC – EGFR mutated patients (2). Other EGFR-targeted treatments such as Gefitinib, Erlotinib, Cetuximab, and Panitumumab carry a very low risk of cardiotoxicity (3) and in the specific case of Afatinib-related cardiotoxicity mainly systolic dysfunction has only been sporadically reported (4).

The mechanism by which Afatinib may be involved with the development of cardiotoxicity is related to the “On/Off target” hypothesis. Tumor growth participates in the regulation of survival of cardiomyocytes by two different mechanisms that favor the development of cardiotoxicity. In the “on-target” mechanism the pharmacological target for the tyrosine kinase is similar in cardiomyocytes and in cancer cells and is involved in both proliferation and survival during tumorigenesis. In the “off-target” mechanism the TKI blocks a pathway or a specific kinase different from the original pharmacological target, carrying a risk of toxicity that depends on the inhibited pathway (5). Human epidermal growth factor receptor 2 (HER2) targeted treatment, such as Trastuzumab, triggers systolic dysfunction in approximately 10% of breast cancer patients that are exposed to this treatment (6). The mechanism of action of Afatinib includes not only inhibiting irreversibly both EGFR and HER 2 receptors. Based on the “on/off target mechanism,” if saturation of the EGFR receptor occurs (clinically expressed in our patient as severe skin toxicity), afatinib would additionally inhibit HER 2 receptors, generating cardiotoxicity through a mechanism similar to Trastuzumab and other anti HER2 monoclonal antibodies.

Takotsubo syndrome (TTS) was first reported by Sato in 1991 (7). It consists of an acute and transient systolic dysfunction, affecting mainly postmenopausal women, and often preceded by a physical or emotional stressor. Although its exact pathophysiology is still a matter of debate, a catecholamine surge is thought to play a key role in the genesis of reversible myocardial stunning. Nonetheless, its transient nature, the acute phase of TTS could present serious cardiac complications such as acute heart failure and cardiogenic shock due to systolic dysfunction or to dynamic left ventricular outflow obstruction, and life threating ventricular arrhythmias, with in-hospital mortality of 4–5% (8). The InterTAK diagnostic criteria for TTS have been proposed, and have become a useful tool for the clinician, enabling a bedside diagnosis of this rare condition (9).

As the best of our knowledge this is the first published report of a case of TTS- Afatinib- related. There is no clear explanation for why our patient developed TTS, nevertheless, we may hypothesize that EGFR receptors were severely saturated by Afatinib and covalently bound adducts to plasma proteins, increasing the half-life of this drug that is known to be an ErbB irreversible blocker (10), giving a greater chance of acting on cardiomyocytes-EGFR receptors resulting in a TTS.

This relationship is based on remarkable and highly suggestive findings in the time line sequence:


-Clinical presentation, with a calculated Inter TAK score = 80 (female sex, emotional and physical stress, non-ST segment depression and prolonged QTc time), corresponding to an estimated 97.3% probability of TTSInitial echocardiographic evaluation suggesting typical, apical variant TTS: akinesis of the apical and middle segments, with a circumferential pattern in the GLS plot (apical ballooning).

-Patient‘s clinical recovery in a few weeks.

-Echocardiographic follow-up, with a complete regression of initial findings.

-For debate, the existence of drug related skin toxicity and the possible “EGFR saturation mechanism” of cardiotoxicity raised above.





Limitations

Despite the high clinical probability supporting TTS, ruling out coronary artery disease is often required for a definitive diagnosis. With coronary angiography ruled out, coronary computed tomography angiography (CCTA) was an excellent alternative to perform a non-invasive evaluation of coronary anatomy in this case, and has been suggested in patients at high risk of complications associated with formal coronary angiography, such as those with advanced oncological disease. Unfortunately in this patient, CCTA was initially not possible due to persistent tachycardia, and was later discarded due to progressive -and finally, complete- recovery of wall motion abnormalities demonstrated by TTE. A cardiac magnetic resonance would have been very useful, because its superior capacity for tissue characterization, being able to differentiate the presence of edema and absence of late gadolinium enhancement, from other fibrosis patterns suggestive of myocarditis or epicardial vasospasm (11).

Regarding the use of strain (GLS) technique as a key tool in the diagnosis of this patient, it is worth mentioning that In situations of acute heart failure, focused ultrasound (focus) is in first line of care (12). Although the usefulness of SGL in multiple pathologies is promising, there is still not enough evidence to justify its use as a first-line or gold standard diagnostic technique, especially in areas of uncertainty and where the technique has not been sufficiently validated to be incorporated into main heart disease clinical practice guidelines. Although its use in detecting cardiotoxicity in oncological patients acquires greater strength day by day, in acute HF (as in this case) its use is also doubtful, especially in the setting of the use of VAD and/or another circulatory assistance (13). Despite all the above limitations, and considering the lack of availability of other techniques, the echocardiogram and especially the use of GLS was a key element in the diagnosis.

An interesting point to comment on, and which could be a subject of debate in the future, will be the assessment of the need and usefulness of an echocardiogram prior to the use of this drug in selected patients. According to the recommendations published by the recent guidelines of the European Society of Cardiology (ESC), the use of echocardiography prior to the start of cancer treatment is reserved for high or very high-risk patients according to baseline stratification (class I-C recommendation). So far, the use of afatinib does not have a strong causal correlation with cardiotoxicity reported in the literature, especially in severe cases such as this one. More evidence is needed to allow, if it were the case, to reclassify this drug as a higher risk of cardiotoxicity, something that has not been consistently observed until now, as compared with other such as anthracyclines or trastuzumab (14).



Conclusion

So far, afatinib has been seldom associated with cardiovascular toxicity. We report a unique case of afatinib related-TTS in a patient with NSCLC, an association that must be confirmed by future reports. Given the existence of an important pathophysiological basis for cardiac damage, the cardiovascular and oncological communities should be aware of the potential cardiotoxic risk in patients that are under TKI treatments, including afatinib and other TKI that target EGFR.
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Extranodal NK/T-cell lymphoma (ENKTL) is a rare but aggressive subtype of non-Hodgkin lymphoma, which is derived from NK cells or T cells. There are very few cases of ENKTL invading the heart. Only 12 cases of ENKTL invading the heart have been reported in the English literature. Due to the rarity of this lymphoma, an effective therapeutic strategy has not been defined. Here, we present a case of a 51-year-old Chinese male with extranodal NK/T-cell lymphoma invading the heart and review the literature. The patient received a chemotherapy regimen of PD1 monoclonal antibody (Sintilimab) in combination with first-line P-Gemox. The patient survived for 2 months after diagnosis.
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Introduction

Extranodal NK/T-cell lymphoma is a rare non-Hodgkin lymphoma with dismal outcomes and limited treatment options. According to anatomic origin and clinical manifestations, ENKTL can be divided into nasal, non-nasal, and aggressive/leukemia subtypes. Of the three types, the non-nasal type has much lower survival rate (1). The incidence of this disease is higher in China than in Western countries, and the prognosis is poor with traditional treatments (2, 3). Improving the treatment is an urgent requirement.

Here we report a patient having ENKTL invading the heart. Initially, the patient’s heart failure was thought to be due to pre-existing hypertrophic obstructive cardiomyopathy. Later, with the elevation of cardiac protein, rapid progression of heart failure and MODS, the patient was considered to have acute myocarditis, and finally ENKTL invading the heart was considered by biopsy of nodules found in the patient’s body and whole-body PET-CT.



Case persentation

A 51-year-old man was admitted to our hospital with weakness and recurrent shortness of breath for almost a year, which was aggravated for two days. Two months prior to admission, a echocardiography showed left ventricular ejection fraction (LVEF) = 57% (Table 1). He was treated with alcohol ablation for hypertrophic obstructive cardiomyopathy 6 years ago. Laboratory tests after admission showed N-terminal pro-brain natriuretic peptide(NT-proBNP): 9077.00Pg/ml, Troponin T: 0.32ng/ml, ALT: 274U/L, AST: 432U/L, D dimer: 6.30mg/L. Therefore, acute heart failure is considered based on the patient’s condition and laboratory tests. The patient’s symptoms suddenly deteriorated two days after admission without any obvious cause, and laboratory tests found ALT: 1997U/L, AST: 2552U/L, D dimer:>35mg/L, LDH:2900U/L. The patient presenting acute heart failure combined with acute liver failure, MODS can be diagnosed. Thus, the patient was transferred to the ICU for further treatment.


Table 1 | Summary of patient echocardiographic changes.



After transferred to ICU, the patient’s symptoms further deteriorate with oliguria and significantly increased NT-proBNP. Acute heart failure combined with acute kidney injury was taken into account. While in the ICU, a review of laboratory indicators indicated a rapid progression of NT-proBNP(25950Pg/ml), a sharp rise in troponin T(3.29ng/ml), and a progressive rise in ALT(2017U/L) and AST(2552U/L). By this time, the patient’s pre-existing hypertrophic obstructive cardiomyopathy could no longer explain the patient’s deteriorating condition. Consequently, fulminant myocarditis was taken into consideration. After administration of high dose methylprednisolone, the patient’s symptoms were relieved. Echocardiography revealed significant thickening of the septum and left ventricular wall, pericardial effusion with decreased left ventricular myocardial contractility(LVEF=38%) (Table 1). The patient was treated with pericardiocentesis to drain the pericardial fluid and sent it for examination to determine its nature. And the nature of the pericardial fluid returned showed lymphoma cells. Meanwhile, because of the progression of an inadvertently discovered groin swelling, excision of the inguinal mass was performed, post-operative pathological return: moderate-sized lymphoid tumor cells showing diffuse infiltration with multifocal map-like necrosis. Immunohistochemistry showed: Ki-67(70%+), CD20 (–), CD79a(Focal weak +), PAX5(-), CD3(++), CD5(++), CD43(++), CD4(-), CD8(++), CD56(-), TIA-1 (++), EBER(+), CD30(-), ALKp80(-), TdT(-), CD123(-), CD68(-), CD10(-), BCL6(-), MUMI(++). Combined with the above results, the diagnosis of extranodal NK/T-cell lymphoma(ENKTL) was confirmed (Figure 1). Furthermore, PET-CT of the whole body demonstrated that multiple involvement of the heart, skin, blood vessels and muscles without nasal involvement (Figure 2). Hence, the patient was regarded as having ENKTL invading the heart. The patient’s rapid progression of heart failure, myocardial injury and MODS were taken into account to be caused by the progressive myocardial infiltration of ENKTL. The palliative effect of glucocorticoids on the patient was considered to be due to the inhibition of the cytokine storm caused by ENKTL rather than inhibition of myocardial inflammation. The reason for this is that the effect of glucocorticosteroids on the patient is rapidly diminishing and the patient’s cardiac function is not improving significantly.




Figure 1 | Pathological and immunohistochemical images of the patient. (A, B). Obviously heterogeneous medium-sized tumor cells with apoptotic nuclear fragmentation. (C). Tumor cells angiodestructive growth (D). Subcutaneous interfatty infiltration with extensive necrosis. (E). EBER positive. (F). CD3-positive. (G). TIA1-positive. (H). Ki-67 positive, shows high value-added index.






Figure 2 | The whole pet-ct of this patient. (A). Multiple involvement throughout the body, including the heart, blood vessels, muscles, and skin. (B). No involvement of the nasal cavity. (C). Cardiac involvement: including the LV as well as the funnel of the RV.



After the patient’s condition stabilized and all laboratory indicators improved, he was transferred to the hematology department for chemotherapy. The results of echocardiography were similar to the previous results.(LVEF=38%) and laboratory tests showed NT-proBNP: 10246.00Pg/ml, Troponin T: 0.84ng/ml. Considering the severity of the patient’s disease, first-line P-Gemox regimen combined with PD-1 monoclonal antibody was administered. This regimen included sintilimab(200mg, day0), gemcitabine(1.8g, day1, day8), oxaliplatin(230mg, day1) and pegaspargase(3750U, day1). Taking into account the poor prognosis of ENKTL invasion of the heart combined with the patient’s physical condition at the time, the dose used in this patient’s chemotherapy regimen was adequate. During chemotherapy the patient’s nodules did not improve, and chidamide(30mg, BIW) was given to improve the efficacy of the treatment. At the end of the current chemotherapy course, the patient’s nodules did not improve and even new nodules appeared. In the meantime, the patient’s heart function also did not show improvement, and laboratory results showed NT-proBNP: 10648.00Pg/ml, Troponin T: 0.25ng/ml. Finally, the patients decided to be discharged automatically. After automatic discharge, the patient’s cardiac function deteriorated further, with symptoms of orthopnea, nocturnal paroxysmal dyspnea and edema of both lower limbs. Moreover, the patient’s skin nodules were larger and more numerous than previously, and they were breaking down. In the end, the patient died at home on October 4, 2021.



Discussion

ENKTL is a kind of aggressive Epstein‐Barr virus (EBV) infection‐related NHL stemmed from mature NK cells and NK‐Like T Cells, and shows highly‐aggressive progression. Nevertheless, to our knowledge, there are only few cases of ENKTL invading the heart, and the non-nasal type accounts for the majority of these cases. The non-nasal ENKTL, which originates in rare sites like the eyes and skin, are more likely to invade the heart than the nasal type, which may partly account for its poor prognosis.

Not only is the number of cases rare, but patients with ENKTL invading the heart are also prone to misdiagnosis of myocarditis, heart failure and arrhythmias. Whole-body PET-CT with echocardiography is indispensable in the diagnostic process of such diseases. Moreover, this type of patient has poor prognosis, often with death as the clinical outcome (Table 2) (1, 4–14).


Table 2 | Reported cases of ENKTL invading the heart and our case (1-12).



These features were also seen in our reported cases. However, unlike the previously reported cases, our case has its own characteristics: history of hypertrophic obstructive cardiomyopathy. Because of this feature, the patient’s echocardiographic findings were not emphasized in the early stages. At the same time, because the history of heart disease was longer than the time of its nodal onset, it was thought to be a recurrence of hypertrophic obstructive cardiomyopathy triggering cardiac problems. These mislead clinicians about the diagnosis of the disease. In addition, to the best of our knowledge, this is the first case of ENKTL invading the heart in a patient with hypertrophic obstructive cardiomyopathy.

As ENKTL is one of the most difficult subtypes to treat and is associated with a poor prognosis, current treatment strategies have not been clear defined. Based on the only two surviving cases with successful chemotherapy, after successful chemotherapy for ENKTL invasion of the heart, significant improvements in various parameters such as echocardiography were observed, indicating that the results it caused could be reversed by chemotherapy (7, 8). Therefore, despite the adverse effects such as malignant arrhythmias that can occur in patients during chemotherapy, chemotherapy is still recommended as the preferred method once the diagnosis is confirmed. For the present, there is no standard chemotherapy regimen for ENKTL. In our case, we used the P-Gemox chemotherapy regimen, which has entered the National Comprehensive Cancer Network (NCCN) guidelines. In an oral presentation at ASH, the combination of Sintilimab and Chidamide was shown to have good antitumor activity in the treatment of patients with refractory or relapsed nasal ENKTL. In 36 refractory patients with evaluable efficacy, an overall efficacy rate of 58.3%, a complete remission rate of 44.4%, and an effective maintenance time of more than 9.2 months were achieved with a manageable safety profile (15). In contrast, the SMILE regimen used in successful cases has side effects that are so strong that patients may not tolerate them. Moreover, in a Japanese multicenter study, the SMILE regimen was reported to be ineffective in non-nasal type patients, with a 2-year overall survival of 34%, while it was more effective in nasal type patients, with a 2-year overall survival of 70% (16). Hence, the regimen we have adopted is already at the forefront of international regimens and is appropriate for the patient’s condition. Despite this, the patient’s skin nodules and heart failure continued to progress under this chemotherapy regimen. This makes us wonder about the refractory nature of ENKTL. Current considerations for the refractoriness and recurrence of ENKTL are due to immune evasion, some studies have shown that ENKTL cells avoid immune surveillance and the consequent killing of ENKTL, resulting in a poor outcome (17). This may be the reason why patients are resistant to Sintilimab. Such an outcome corresponds exactly to the poor prognosis of non-nasal ENKTL. This calls for further exploration of regimens for this disease.

Our case together with the summary of previous case reports illustrate (1). Non-nasal ENKTL is more likely to invade the heart and has a poorer prognosis than the nasal type (2). Our case is the first case of ENKTL invading the heart in a patient with hypertrophic obstructive cardiomyopathy (3). The regimen we used is already extremely cutting-edge clinically and has better efficacy and longer survival time for refractory recurrent ENKTL compared to the traditional SMILE regimen. Nonetheless, the results are still poor for our patients, which warrants for further exploration of chemotherapy regimens for this type of disease.
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To the best of our knowledge, this is the first published report of anti-immunoglobulin-like transcript 3 (ILT3)-induced myocarditis. A 48-year old female patient with refractory acute myeloid leukemia who was given a single dose of anti-ILT3 monotherapy presented with fever, hypotension, chest pain, and elevated cardiac biomarkers. Systolic bi-ventricular function was in normal limits. The patient was promptly treated with pulse dose steroids with a rapid hemodynamic and clinical improvement and declining levels of cardiac biomarkers. The diagnosis of acute myocarditis was confirmed using cardiac magnetic resonance imaging applying the revised Lake Lewis criteria. While larger-scale data are needed in order to assess the incidence, management and prognosis of anti-ILT-3 induced myocarditis, we believe a high level of suspicion for adverse non-target cardiac effects is required in patients receiving this novel class of drugs.
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Introduction

A 48-year-old female patient, BRCA-1 carrier, was diagnosed with triple negative breast carcinoma on age 44 and treated with neoadjuvant chemotherapy (adriamycin, carboplatin, and paclitaxel) followed by bilateral mastectomy and radiotherapy. As part of a clinical research protocol, she was also given pembrolizumab, an immune checkpoint inhibitor (ICI), both as neoadjuvant and maintenance therapy for another 12-months. On age 47, the patient presented with tri-lineage cytopenia and was diagnosed with myelodysplastic syndrome with excess of blasts. Cytogenetics revealed a monosomal complex karyotype with deletion of chromosomes 5 and 7 with no molecular aberration. The patient underwent allogeneic hematopoietic cell transplantation from a matched sibling with myeloablative treosulfan-based conditioning, with full donor chimerism on day 30. Due to an increased risk for relapse, maintenance therapy with azacytidine and venetoclax was initiated on day 60, however on day 180 the patient relapsed with overt-transformation to acute myeloid leukemia. The patient was then treated with salvage chemotherapy (FLAG-IDA protocol) combined with venetoclax for 7 days, yet unfortunately she did not respond. Finally, the patient was recruited to a clinical immunotherapy trial in a different hospital.

Twelve-days after her first monotherapy treatment with humanized IgG4 anti immunoglobulin-like transcript 3 (ILT3) [MK-0482, MERCK (MSD)] (75 mg), the patient presented to the Hemato-Oncology Ambulatory Care Unit in the Davidoff Cancer Center, Rabin Medical Center (Israel) with fever and malaise (patient's presentation and management time-line is presented in Figure 1). Physical examination was unremarkable and vital signs were in normal range except for systemic fever (temperature 101.3 °F (38.5°C). Laboratory analysis demonstrated 2.1 K/micl leukocytes (normal-range values 4.5–11 K/micl) with 0.2 K/micl neutrophils (normal-range values 1.8–7.7 K/micl), hemoglobin 8.5 g/dL and platelets 12 K/micl. C-reactive protein was 17.3 mg/dL (normal-range values 0.0–0.5 mg/dL). Chest x-ray was normal and 12-leads electrocardiogram (ECG) revealed sinus rhythm with a T-wave inversion in aVL. On a working diagnosis of neutropenic fever, blood cultures were collected and empirical antibiotic (Meropenem) was initiated. COVID-19 status was negative. On day 2, the patient began complaining of a constant chest pain which exacerbated with breathing and was not relieved by oral analgesics. She denied any shortness of breath, palpitations or muscle pain. Blood pressure was 83/52 mmHg, pulse 107/min, oxygen saturation was 96% on room air, respiratory rate 20 breaths per minute. Repeated ECG was unchanged. Lungs were clear to auscultation bilaterally and heart sounds were rapid with no apparent new murmurs. The patient did not show signs of volume overload or pulmonary congestion. Neurologic examination was unremarkable. Troponin T level and NT pro-BNP level were 671 ng/L (normal-range values 0–14 ng/L) and 5,885 pg/ml (normal-range values below 125 pg/ml), respectively. Echocardiography demonstrated a lower limit of normal left ventricular systolic function (LVEF 55%) similar to her prior routine echocardiogram study performed 3 months earlier. Given her clinical presentation and recent novel immunotherapy treatment, the leading diagnosis was immunotherapy-induced acute myocarditis, and decisions were made to monitor her in the cardiac unit and to immediately initiate therapy with empirical pulse dose steroids (methylprednisolone 1 g for 3 days). Cardiac computed tomography revealed normal coronary arteries and ruled out acute pulmonary embolism. On day 3, the patient reported an improvement in her wellbeing and the amelioration of her chest pain. Blood pressure stabilized (103/85 mmHg) and laboratory analysis showed declining levels of cardiac biomarkers (Troponin T 224 ng/L and NT pro-BNP 5,815 pg/ml). The diagnosis of acute myocarditis was confirmed using cardiac magnetic resonance imaging (Figure 2) based on the updated Lake Louis criteria demonstrating subepicardial and mid-wall late gadolinium enhancement in the basal infero- and antero-lateral segments with increased values of native T1 time and T2 time revealing extensive diffuse myocardial edema. After the completion of 3 days of pulse steroid therapy, the patient was switched to oral high-dose (1 mg/Kg) prednisone treatment. Elaborated diagnostic work-up for infectious etiology which included blood cultures, inspiratory viral PCR panel and bacterial, rickettsial and viral serologies was unrevealing.


[image: Figure 1]
FIGURE 1
 Timeline presenting the patient's clinical presentation, diagnostic findings, and treatment approach during hospitalization. CMR, cardiac magnetic resonance imaging; CT, computed tomography; ECG, electrocardiogram; hs-cTnT, high sensitive troponin; LVEF, left ventricular ejection fraction; NT pro-BNP, N-terminal pro-brain natriuretic peptide.
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FIGURE 2
 Magnetic resonance imaging findings: Short axis view (A) of late gadolinium enhancement illustrates sub-epicardial and mid-wall late gadolinium enhancement in the basal infero-lateral and antero-lateral segments (yellow arrows). The corresponding short axis view of T2 mapping (B) illustrates extensive diffuse interstitial myocardial edema (green arrows). Diffuse T2 value was 56.2 ms and focal T2 value in the infero-lateral segment was 61 ms (normal limit 55 ms). The presence of myocardial injury and extensive edema support the diagnosis of acute myocarditis according to the 2018 updated Lake Louise criteria. ms, miliseconds.


The patient was discharged home after a 5-day hospitalization with a favorable functional status. Her Troponin T and NT-proBNP levels at discharge were 110 ng/l and 3,812 pg/ml, respectively. A decision was made to discontinue investigational drug therapy.



Discussion

To the best of our knowledge, this is the first published report of anti-ILT3 monotherapy-induced acute myocarditis using the MK-0482 monoclonal antibody. ILT3, gene name LILRB4, is an inhibitory receptor expressed on myeloid-derived suppressor cells which is associated with immune tolerance within the tumor microenvironment. Anti-ILT3 were shown to abrogate myeloid immunosuppression and enable tumor killing (1). Moreover, antagonism of the ILT3 receptor may enhance the efficacy of immune checkpoint inhibitors (ICI) (2). Several phase 1 and phase 2 trials using these new class of drugs are currently ongoing worldwide in both solid and non-solid cancers. Data regarding both the efficiency and safety profile of these immunotherapy agents are still scarce, yet as recently presented in the American Society of Clinical Oncology annual meeting, the combined use of MK-0482 and pembrolizumab was associated with 2 cases of myositis, one of which was fatal (3). While cases of anti-ILT-3-induced myocarditis were not reported in this cohort, it is important to note that the co-existence of myositis and myocarditis is well-established with the use of ICIs (4). More data are needed in order to determine whether this clinical association also exists with the novel class of anti-ILT3 drugs.

Similarities between ICI-induced myocarditis and our presented case of anti-ILT-3 induced myocarditis are the short period of time between the first given dose of the antibody and the development of myocarditis [a median start of onset of 34 days of ICI-induced myocarditis (5–8)], the rise in troponin T which is evident in 94% of patients with ICI induced myocarditis (5, 9) and the presentation of acute myocarditis with normal left ventricular systolic function [found in 51% of patients with ICI-myocarditis (5–8)].

Due to the lack of published evidence regarding the treatment of anti-ILT-3-induced myocarditis and due to the similarities in the mechanism of action and clinical presentation to these two treatment modalities, we based our management strategy on current published scientific literature and society-guideline recommendations for ICI-induced myocarditis (8, 10, 11). Endomyocardial biopsy was not performed due to patient's severe thrombocytopenia, yet cardiac magnetic resonance imaging allowed for a definite diagnosis of acute myocarditis with extensive diffuse edema (12). The patient was hemodynamically monitored and cardiac biomarkers' levels were regularly followed. Prompt treatment (< 24 h from chest pain presentation) with high-dose steroids was given based on the recently published cardio-oncology society guidelines (8), as this was previously shown to improve patient's MACE and mortality (13). Due to patient's rapid hemodynamic improvement and declining biomarkers' levels, we did not use immunosuppressive drugs other than high-dose steroids, which provided both clinical and laboratory improvement. Notably, it is critical to underscore the importance of a good collaboration between the hemato-oncology and cardio-oncology providers, which allowed for the patient's rapid evaluation, diagnosis and therapy initiation.

While larger-scale data are needed in order to assess the incidence, management and prognosis of anti-ILT-3 induced myocarditis, we believe a high level of suspicion for adverse non-target cardiac effects is required in patients receiving this novel class of drugs.
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Background: Cardiac tumors are usually metastatic. Melanoma is the tumor with the highest rate of cardiac metastasis. Clinicians need to be aware of the metastatic involvement of the left ventricular apex as a differential diagnosis of apical hypertrophic cardiomyopathy.

Case summary: A 74-year-old woman presented for evaluation of fatigue. The initial electrocardiogram and echocardiogram showed features of apical hypertrophic cardiomyopathy. The patient reported a lesion on her right forearm that had been present for many years, leading to its biopsy, which showed melanoma. Further evaluation with a chest-computed tomography (CT) scan showed left lung nodules and nodular thickening of the left ventricular apex. Positron emission tomography showed an increased uptake of fluorodeoxyglucose in the left lung nodule and left ventricular apex, suggestive of metastatic spread of the melanoma. A CT-guided biopsy of the left lung nodule revealed melanoma. The patient was treated with ipilimumab initially, followed by paclitaxel with poor response to treatment, and later passed under hospice care.

Conclusion: Metastatic tumors involving the left ventricular apex should be considered in the differential diagnosis of apical hypertrophic cardiomyopathy, especially in patients with a history of melanoma, and advanced cardiac imaging, including cardiac magnetic resonance imaging, CT, and/or positron emission tomography (PET) may help with narrowing down the differential diagnosis.

KEYWORDS
left ventricular apex, metastatic melanoma, tumor, case report, apical hypertrophic cardiomyopathy


Introduction

Cardiac tumors are usually metastatic, with a reported incidence 100 times higher than that of primary cardiac tumors. The reported incidence of cardiac metastasis is 0.7–3.5% in the general population, with rates up to 9.1% in patients diagnosed with metastatic cancer. Metastatic melanoma has a higher rate of metastasis to the heart than any other tumor (1). Metastatic melanoma should always be considered a differential diagnosis of apical hypertrophy cardiomyopathy, especially in patients with a history of melanoma. We present a 74-year-old woman who was initially diagnosed with apical hypertrophic cardiomyopathy, but further evaluation and diagnostic testing revealed metastatic involvement of the left ventricular apex due to melanoma.



Case summary

A 74-year-old female, who had a past medical history of chronic atrial fibrillation on daily warfarin, moderate pulmonary hypertension, and a pacemaker placement 4 years prior for complete heart block, came in for an evaluation of fatigue (Table 1). The initial 12-lead electrocardiogram showed demand ventricular pacing with underlying atrial fibrillation, left ventricular (LV) hypertrophy, and giant negative T waves in paced as well as normally conducted beats (Figure 1A), and a transthoracic echocardiogram (TTE) showed apical hypertrophy. Physical examination showed variable-intensity S1, normal intensity S2, point of maximal impulse non-displaced, grade I/VI systolic murmur along the left sternal border and apex, and an S3. A plaque-like 2.5 × 2 cm lesion was observed on the right forearm, which the patient said had been present for many years.


TABLE 1    Timeline of events.

[image: Table 1]
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FIGURE 1
Electrocardiogram. Panel (A) shows tall R waves and giant-negative T waves in V4–V6. Panels (B) (8 months later) and (C) (24 months later) show a progressive decrease in the amplitude of the R waves and T wave inversions in the paced beats in precordial leads.


Differential diagnoses of apical wall thickening and T wave inversion in precordial leads considered are shown in Supplementary Tables 1, 2, respectively.

Laboratory workup, including complete blood count, complete metabolic panel, pro-B-type natriuretic peptide, and ultrasensitive troponin, was unremarkable. Chest X-ray was normal. The subsequent 12-lead electrocardiograms showed a decreasing amplitude of T wave inversions and R waves over time in the paced beats (Figures 1B,C). A TTE showed an apical wall thickness of 19 mm (Figure 2; Supplementary Videos 1–3). The global longitudinal strain was reduced to −9% and the LV ejection fraction was 70%. A punch biopsy of the right forearm lesion showed nodular, amelanotic melanoma with Breslow tumor thickness of at least 2.2 mm and at least Clark level IV invasion. Subsequently, this was resected and considered T4B N0 M0, stage II-C melanoma. The chest computed tomography (CT) s162can showed nodular thickening of the LV apex and pulmonary nodules in the left lung, suggestive of metastatic disease (Figures 3A,B). A positron emission tomography (PET) scan revealed increased uptake of fluorodeoxyglucose (FDG) in the LV apex and left lung nodules (Figure 3C), suggestive of metastatic spread of the melanoma to the LV apex and left lung. CT-guided biopsy of the pulmonary nodule confirmed the metastatic spread of the melanoma to the lungs (see Supplementary Figure 1). Hematoxylin and eosin staining revealed a diffuse sheet of malignant epithelioid cells with moderately pleomorphic, hyperchromatic nuclei, and poorly defined cytoplasm without pigments. The tumor also expressed melanoma markers S100 and MART-1.
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FIGURE 2
Transthoracic echocardiogram. The apical four-chamber view (A) (Supplementary Video 1), apical long-axis view (B) (Supplementary Video 2), and definity contrast echocardiogram (C) (Supplementary Video 3) show apical wall thickness (yellow arrows). Panel (D) shows strain analysis with markedly reduced peak systolic strain and evidence of dyskinesis in the apical segments.
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FIGURE 3
Chest CT and PET scan. Computed tomography (CT) showing metastatic melanoma involving the left ventricular apical wall (A), left lung (B), and positron emission tomography (PET) scan axial image (C) showing increased fluorodeoxyglucose uptake in the left ventricular apex (arrow) and left lung (arrow heads). LA, left atrium; LV, left ventricle; RA, right atrium; RV, right ventricle.


The patient was initially started on metoprolol succinate 25 mg daily for apical hypertrophic cardiomyopathy (ApHCM). Once the diagnosis of metastatic melanoma was confirmed, she was started on ipilimumab, a cytotoxic T-lymphocyte-associated protein 4 inhibitor. However, the patient’s liver enzymes increased to greater than five times the normal, thus it was discontinued. PD-1 inhibitors were not approved by the Food and Drug Administration for metastatic melanoma at that time. The patient was subsequently started on paclitaxel, but the disease progressed, and the patient felt weaker with no significant improvement in her symptoms. The patient was actively involved in the decision-making. She did not want any further treatment and was placed in hospice care, where she expired.



Discussion

In an autopsy study of patients with metastatic melanoma, 64% had cardiac metastases (2). The metastatic spread is usually through hematogenous dissemination (1). It usually involves the right atrium (3, 4). Apical involvement is rare (5, 6). Cardiac metastasis could be missed unless specific symptoms are present or specific imaging is performed.

Asymptomatic massive involvement of the myocardium in metastatic melanoma has been described as a “charcoal heart.” The most common presenting symptom in patients with cardiac melanoma is shortness of breath, but chest pain, syncope, fatigue, and weakness have also been described.

Electrocardiographic changes suggestive of the ischemic pattern, including ST depression and T wave inversion, are more common in patients with cardiac metastasis. Cates et al. analyzed electrocardiograms obtained within 3 months prior to death in patients diagnosed with cancer premortem or postmortem and found an ischemic pattern in 40% of patients with cardiac metastasis compared to <1% in patients without cardiac metastasis (7). In the present case, the patient showed tall R waves and giant negative T waves in precordial leads. To our knowledge, this is the first case of cardiac melanoma with giant negative T waves mimicking the apical variant of hypertrophic cardiomyopathy. The patient’s serial 12-lead electrocardiograms showed the resolution of giant negative T waves over 2 years. These serial changes in patients diagnosed with ApHCM may suggest additional processes, such as the progression of fibrosis, new myocardial infarction, or infiltrative disease.

A transthoracic echocardiogram is the most frequently used non-invasive test to evaluate benign and malignant cardiac lesions and as a follow-up test for response to therapy. It can diagnose cardiac melanoma in up to 80% of cases (4).

The chest CT scan can help identify metastatic lesions in both cardiac and non-cardiac sites. Cardiac magnetic resonance imaging (CMR) is usually helpful in further characterizing these lesions, but it could not be obtained in our patient owing to a pacemaker-dependent underlying complete heart block.

The PET scan helps identify increased metabolic activity in the regions affected by the tumor by measuring 18F-FDG uptake by the tumor. It is more than 90% sensitive and specific in diagnosing malignant cardiac tumors (8).

The treatment of metastatic melanoma depends on the presence of a BRAFV600 mutation. Immune checkpoint inhibitors are used as the first-line treatment in patients who are negative for the mutation. The National Comprehensive Cancer Network recommends programmed cell death 1 (PD-1) inhibitors for these patients. Patients who harbor BRAFV600 mutation are usually treated with targeted therapies, including BRAF and MEK inhibitors (9). Median survival is 12 months after diagnosis, with poor prognosis in chemotherapy-resistant cases (4, 10).



Conclusion

The diagnosis of metastatic melanoma to the LV apex should be considered in patients with ApHCM, especially those with a history of melanoma. The resolution of negative T waves in the precordial leads in patients diagnosed with ApHCM should alert for additional processes, such as progression of fibrosis, new myocardial infarction, or infiltrative disease, such as cardiac metastasis involving the LV apex, as illustrated by this case. Cardiac imaging, including CMR, CT, and/or PET plays a vital role in narrowing down the differential diagnosis.
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Patients with secondary cardiac cancer occasionally show ST segment elevation that mimics acute coronary syndrome despite the absence of coronary artery occlusion. We herein describe a rare case of secondary cardiac cancer that presented with ST-segment elevation. An 82-year-old Chinese man was admitted to the hospital with chest discomfort. Electrocardiography (ECG) showed ST segment elevation in the precordial leads and low-voltage QRS complexes in limb leads without the development of Q waves. Unexpectedly, emergency coronary angiography showed no significant stenosis of the coronary arteries. However, fortunately, transthoracic echocardiography (TTE) revealed massive pericardial effusion and a mass at the apex of the ventricular myocardium. Coincidentally, contrast-enhanced chest computed tomography showed primary lung cancer in the left lower lobe, pericardial effusion, and myocardial metastasis at the ventricular apex. The pericardiac fluid contained blood with significantly increased CEA levels and exfoliated tumor cells. The lung histopathological report suggested squamous cell carcinoma. Two months later, the patient died. These findings suggested that the persistent ST-segment without the development of Q waves was associated with ventricular invasion by primary lung cancer and may indicate a poor prognosis. In conclusion, physicians should be aware of persistent ST-segment elevation mimicking myocardial infarction due to cardiac metastasis with a poor prognosis.

KEYWORDS
cardio-oncology, cardiac metastasis, lung cancer, ST-segment elevation, case report


Introduction

Cardiac tumors comprise primary tumors, including benign and malignant, metastatic tumors, and some other tumor-like camouflages (such as thrombosis) (1). Heart-related clinical manifestations often include dyspnea, arrhythmia, obstruction, heart failure, and systemic embolism. Related auxiliary examinations mainly include electrocardiogram (ECG), echocardiography, computed tomography (CT), cardiac magnetic resonance (CMR), and related laboratory tests. As a convenient, rapid, and intuitive examination, echocardiography often plays the primary role in finding lesions, confirming the extent of the lesions, and assessing cardiac function. Contrast-enhanced CT and cardiac magnetic resonance can further analyze the nature of the lesion, identify the tumor source, and display the extent of the invasion. Herein, we describe a case of cardiac metastasis from lung cancer accompanied by massive pericardial effusion, which was comprehensively evaluated by ECG, echocardiography, contrast-enhanced CT, laboratory tests, and histopathological assessment.



Case description

On 9 October 2021, an 82-year-old man presented at the emergency department with an 8-h history of chest discomfort, nausea, vomiting, and orthopnea. He reported worsening chest discomfort during exertion accompanied by nausea, anorexia, and fatigue without any cough, chest pain, or edema of the lower limb for 20 days. His medical history included hypertension, hyperlipidemia, diabetes mellitus, and former tobacco use for 50 years.

On presentation, the patient’s blood pressure was 123/72 mmHg, heart rate was 90 beats/min, oxygen saturation was 98%, and respiratory rate was 18 breaths/min. A cardiovascular physical examination showed a decreased S1 with no murmurs, rubs, or gallops. Respiratory and abdominal examinations were also within normal limits. ECG showed sinus tachycardia, ST segment elevation in precordial leads V1–V6, and low-voltage QRS complexes in limb leads (Figure 1A). Laboratory studies were notable for high sensitivity troponin T (hs-TnT) of 21.08 pg/ml (normal < 14 pg/ml) and N-terminal (NT)-pro hormone BNP (NT-proBNP) of 2,160 pg/ml (normal < 125 pg/ml). Acute precordial STEMI diagnosis was considered. We performed emergent coronary angiography, but there was no significant stenosis of coronary arteries (Figures 1C, D). Therefore, myocardial infarction of the non-obstructive coronary artery (MINOCA) was considered.


[image: image]

FIGURE 1
The ECG at admission (A) and 4 months prior to admission (B) showed abnormal ST segment elevations in leads V1–V6 and low-voltage QRS complexes in limb leads. Coronary angiography revealed no significant stenosis in the right coronary, left anterior descending, and circumflex coronary arteries (C,D).


On day 2, a transthoracic echocardiogram (TTE) revealed massive pericardial effusion and a 6.5 × 3.1 cm-sized hypoechoic mass at the apex of left ventricular, septal, and right ventricular myocardium associated with hypokinesis and decreased absolute value of global longitudinal strain (Figures 2A, B). Contrast-enhanced chest CT showed scattered irregular iso-density shadow (the largest mass was 67 × 47 mm) with peripheral exudation in the left lower lobe and significant thickness at the ventricular apex with pericardial effusion (Figures 2C–F). Tumor marker levels were elevated as follows: CEA of 32.4 ng/ml (normal < 10 ng/ml), CA125 of 99.8 U/ml (normal < 35 U/ml), TPSA of 29.9 ng/ml (normal < 4 ng/ml), CYFRA211 of 57.4 ng/ml (normal < 3.07 ng/ml), and SCCA of 39.6 ng/ml (normal < 1.5 ng/ml).
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FIGURE 2
Transthoracic echocardiography (A) revealed massive pericardial effusion and a thickened and hypoechoic mass (red arrow) at the apex of the heart via an apical four-chamber view. Global longitudinal strain (B) showed a significantly decreased absolute value of strain in the area of the anterior and lateral walls of the heart. Routine chest CT at admission (C,D) and contrast-enhanced chest CT after pericardiocentesis (E,F) showed an irregular iso-density mass (yellow arrow) with peripheral exudation in the left lower lobe of the lung panels (C,E) and a myocardial mass (red arrow) located in the left and right ventricular apex emerging with reduced pericardial effusion panel (F).


On day 3, we performed pericardiocentesis. The pericardiac fluid contained blood with significantly increased CEA level (>1,000 ng/ml, normal < 5 ng/ml) and exfoliated tumor cells with CK7(+) and Ep-cam(+) (Figures 3A–C). When we obtained his medical history, his family provided an ECG performed 4 months before (Figure 1B), which demonstrated ST elevation and T-wave inversion similar to the ECG on this admission. These findings strongly suggested ventricular myocardial metastasis of primary lung cancer. We recommended that the patient should undergo a transbronchial lung biopsy to obtain a histopathological diagnosis, and he accepted it. One week later, he was transferred to the respiratory department. During hospitalization in the respiratory department, the patient underwent a percutaneous lung puncture. The lung histopathological report suggested squamous cell carcinoma. Immunohistochemical analyses showed CK5/6(+), P63(+), P40(+), and PD-L1 (22C3, about 60% +) (Figures 3D–G). Squamous cell carcinoma of the lungs at the stage of IVB (T3N1M1c) was considered a diagnosis. He was treated with immunotherapy by Sintilimab (PD-1 monoclonal antibody). Unfortunately, his cardiac function decreased with increased levels of hs-TNT and NT-proBNP (Figures 4A, B), and without any improvement. At the end of December 2021, he died of respiratory and heart failure. An autopsy could not be performed.
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FIGURE 3
The pericardiac fluid by HE revealed (A) exfoliated tumor cells with (B) CK7 (positive) and (C) Ep-cam (positive). The immunohistochemical analysis of pathologic tissue by percutaneous lung puncture showed (D) CK5/6 (positive), (E) P40 (positive), (F) P63 (positive), and (G) PDL1 (positive).
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FIGURE 4
The levels of (A) hs-TNT and (B) NT-proBNP. Panel (B) were persistently increased, demonstrating decreased cardiac function.




Discussion

Persistent ST-segment elevation (STE) newly found in patients should usually be considered STEMI. However, in our case, there was abnormal ST-segment elevation on precordial leads without the development of Q waves different from the typical ECG characteristics of STEMI. Several cases of cardiac metastasis mimicking STEMI have been reported (2–5). ECG findings of localized STE without Q waves have high specificity for myocardial tumor invasion (6).

In most cases of previously reported cardiac metastases with STE, cardiac enzymes have been normal (5), unlike in our patient. The present case was initially misdiagnosed as STEMI due to STE accompanied by an elevation in hs-TNT. However, emergent CAG did not reveal any significant coronary stenosis to explain the ECG and hs-TNT abnormalities. During hospitalization, the assessment of this patient also showed increased levels of hs-TNT and NT-proBNP due to aggravated myocardial injury for a long time because a previous ECG had demonstrated similar abnormal STE 4 months before admission.

The mechanism of STE in cardiac metastasis has not been fully understood. Some case reports describe STE caused by myocardial metastases (7–10), coronary artery invasion or direct compression, or pericardial involvement (11). The most frequent mode of metastasis is via the lymphatic pathway, followed by hematogenous spread (12). In our case, echocardiography was the initial imaging modality to detect pericardial effusion and the presence of cardiac metastasis. Then, contrast-enhanced chest CT revealed lung cancer in the left lower lobe and cardiac abnormality at the ventricular apex without any evidence of coronary artery invasion or direct compression. In addition, there were exfoliated tumor cells and significantly increased CEA levels in the patient’s pericardiac fluid. Therefore, STE in this patient was due to myocardial injury caused by lung cancer metastases.

Lung cancer is the most frequent cause of cardiac metastatic tumors, with a reported incidence of up to 25% at autopsy, and squamous cell carcinoma is the most frequent cause of secondary cardiac cancer (13). In general, the pericardium is the most common cardiac site for metastasis via retrograde lymphatic extension from the lung to the heart (14, 15). In our patient, the lung histopathological report suggested squamous cell carcinoma, and echocardiography and chest CT detected massive pericardial effusion and myocardial metastatic lesions in the apical areas, respectively, which receive their blood supply from the left anterior descending artery. Therefore, our patient had STE in the precordial leads, which was similar to a case in which STE reflects the location of STEMI due to an obstruction of the left anterior descending artery.

Cardiac metastases have a poor prognosis. A myocardial metastatic lesion is often clinically silent, although it can cause malignant pericardial effusion with or without symptoms of pericarditis, arrhythmias, heart failure, and rarely acute myocardial infarction (14, 16, 17). This feature results in misdiagnosis or diagnosis delay in severe conditions. When the first ECG of our patient was recorded, STE was not treated. Four months later, he had symptoms and was admitted to our hospital. During hospitalization, his condition worsened, his cardiac function decreased, and he died of respiratory and heart failure, although he received immunotherapy. Radical surgical resection, radiotherapy, and chemotherapy could be useful treatments for certain cardiac metastases. Unfortunately, our patient had no further choice.

The changes in ECG, such as STE that mimics acute coronary syndrome, caused by secondary cardiac cancer mentioned in this article, are not the first reported, and many related studies (2–8) have recognized this phenomenon before. However, this is not just another example of STEMI misdiagnosis. Our purpose of the case report was as follows. First, we aimed to stress the significance that our physicians should consider the possibility of cardiac metastasis in patients who are first diagnosed with acute coronary syndrome (ACS). Second, we wanted to show a complete diagnostic process of this case and list the relevant examination results.

It can be asked why coronary angiography was performed without echocardiography. Actually, it is a common phenomenon in China. The main reason is that emergency procedures are different. Once patients develop symptoms of significant chest tightness, pain accompanied by STE in precordial leads, including V1–V6, on ECG, and a significant increase in troponin, they will be diagnosed with ACS and undergo emergency percutaneous coronary intervention (PCI) as quickly as possible. Echocardiography is often unnecessary in the first place. However, no severe stenosis was found during the operation; hence, MINOCA was considered. This is common sense in emergency procedures in China. Not all patients who are primarily diagnosed with ACS undergo echocardiography before emergency coronary angiography.

After we repeatedly confirmed the patient’s physical signs, we did not find distention of the jugular veins but confirmed the distention of the inferior vena cava by echocardiography. This finding might be related to the chronic course of the disease rather than acute cardiac tamponade. Conversely, engorged jugular veins are normally more pronounced in older and leaner people without any discomfort.



Conclusion

When physicians treat patients with STE, they should first consider the diagnosis of ACS. However, when clinicians further evaluate the history and find that STE persists for a few days or more, especially with a history of tumor, they should consider the special situation described in this case report. Although the incidence of persistent STE due to cardiac metastasis is low, considering its possibility can help us broaden the horizon of the diagnosis process and head in the right direction quicker. We should also be aware of the poor prognosis of patients and try to inform patients and their families of the severity of the disease in advance. The significance of this case report lies in broadening our diagnostic thinking and providing a relatively complete and feasible diagnostic process for cardiac metastatic tumors.
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Primary cardiac intimal sarcoma, an extremely rare cardiac tumor subtype, is often mis-diagnosed owing to its rarity and non-specific clinical and radiological features. We report a case of cardiac intimal sarcoma mimicking atrial myxoma in which the clinical presentation and multimodality imaging are described in detail, and diagnostic challenges are highlighted.
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Introduction

Primary cardiac intimal sarcoma is an extremely rare subtype of cardiac tumor, with only a few such cases having been reported (1–8). It often occurs in the left atrium, whereas it seldom originates in the right atrium and mitral valve (6, 8). Owing to its rarity and non-specific characteristics, cardiac intimal sarcomas are often mistaken for myxomas or thrombi. We report a case of cardiac intimal sarcoma of the left atrium and provide a detailed description of multimodality imaging aimed at highlighting pre-operative diagnostic challenges.



Case description

A 52-year-old woman was admitted to our hospital with a 3-month history of progressive cough and shortness of breath. On admission, laboratory findings and non-contrast thoracic computed tomography (CT) scan results were negative for infectious diseases. Her electrocardiogram was normal (heart rate, 76 bpm); however, transthoracic echocardiography revealed an irregularly shaped 4.8 × 6.7 mm hypoechoic mass in the left atrium that appeared broadly based and originating from the lateral atrial wall (Figure 1). The mass induced significant mitral stenosis through prolapsing toward the left ventricle during diastole.


[image: image]

FIGURE 1
Transthoracic echocardiogram of the left mass. A large hypoechoic mass (white arrow) was revealed in the left atrium attaching to the lateral atrial wall via a broad base.


The patient had undergone cervical cancer resection in 2014. No mass or mass-like lesion of the heart had been observed on contrast-enhanced thoracic CT during the follow-up period in 2019. However, possible cardiac metastasis was now suspected. Contrast-enhanced CT and cardiovascular magnetic resonance (CMR) imaging were performed for further characterization. CT images showed that the lobulated mass with homogeneous hypodensity almost occupied the left atrium and the left atrial appendage, extending to the orifice of the left superior pulmonary vein, and showing significantly inhomogeneous enhancement in the arterial phase. Contrast uptake decreased with a longer delay time (almost into the portal venous phase) (Figure 2).


[image: image]

FIGURE 2
The mass showed heterogeneous enhancement at the arterial phase (A) white arrow and the contrast uptake decreased with a longer delay time (B) white arrow.


Regarding CMR imaging, compared with the myocardium, the lesion showed significantly elevated native T1 and T2 values on T1 and T2 mapping (Figure 3). Mildly increased regional perfusion was observed in the mass during first-pass perfusion imaging, as well as heterogeneous enhancement on late gadolinium-enhanced (LGE) imaging (Figure 4). No adjacent tissue infiltration was observed. Radiological findings suggested a possible diagnosis of atrial myxoma.
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FIGURE 3
Characterization of the left atrial mass on cardiovascular magnetic resonance imaging. A slice of a short-axis view of left atrium was acquired on native T1 mapping (A), T2 mapping (B), and cine imaging (C), respectively. The mass was heterogeneous on native T1 mapping and T2 mapping. The native T1 value ranged from 1,661 to 2,109 ms. The T2 value was also significantly elevated.
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FIGURE 4
Left atrial mass on late gadolinium-enhanced (LGE) imaging. Significant patchy enhancement (white arrows) was observed on LGE images. (A) 4-chamber view; (B) a shot-axis view of left atrium.


Surgical resection was then performed. Histopathological examination revealed spindle-shaped tumor cells with prominent atypia. Mitotic activity was frequent. Some stromal myxoid changes could also be observed in the tumor (Figure 5). Extensive immunohistochemical analyses showed that the cells were positive for vimentin, caldesmon, CDK4, Bcl-2, CD34 (focal), CK (focal), SMA (focal), TLE1 (focal), CD99 (focal) and negative for desmin, EMA, S-100, CD31, ERG, MDM-2, P16, SOX-10, MyoD1, myogenin, STAT6. The Ki-67 proliferative index was 40%. Pathological results supported the diagnosis of high-grade intimal sarcoma. At 4 months post-operatively, the patient was re-hospitalized and underwent systemic chemotherapy for a metastatic lesion of the left femur.
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FIGURE 5
Histopathological features of the left atrial mass. Hematoxylin-eosin (HE) stained section showed that tumors cells were spindle-shaped, prominent atypical. Mitotic activity was frequent. Myxoid changes could be observed in stroma. [Bars: (A) 200 μm; (B) 100 μm].




Discussion

Non-invasive pre-operative assessment of cardiac tumors is vital for further management and could be an important predictor of prognosis. Echocardiography, CT, and magnetic resonance imaging (MRI) are common techniques used for diagnosis and monitoring. Owing to its wide availability and convenience, echocardiography is often used as the first imaging modality to confirm the presence of a cardiac mass and quantify the morphological characteristics, attachment, and mobility of the tumor. CT and MRI are optimal approaches for assessing tissue characterization, vascularity, adjacent infiltration, and extracardiac metastases (9–11). Considering the limitations of different imaging techniques, multimodality imaging of cardiac masses is required for determining treatment strategies.

Intimal sarcoma is a rare subtype of mesenchymal sarcoma that commonly originates in the great vessels with a predilection for the pulmonary arteries (12). The heart is rarely involved in intimal sarcomas, and only a few such case reports have been published (1–4). Cardiac intimal sarcomas are frequently misdiagnosed as either atrial myxomas or thrombi. In this case, the diagnostic challenge has also been highlighted. Typical myxomas are well-defined, often located in the left atrium, and attached to the interatrial septum (9, 10, 13). The mass in our case originated from the atrial free wall, which was the less likely origin of myxomas, as shown in some reported cases (14). In terms of tissue characterization, regarding the similarity of histological components of myxomas and intima sarcomas (4), both may be characterized using isointense/hypointensity on T1-weighted imaging, hyperintensity on T2-weighted imaging and cine imaging, through comparison with the myocardium. Heterogeneous enhancement is often observed in LGE images (9, 10). One point of note is that on CT images, contrast uptake of myxomas is hardly observed in the arterial phase, whereas it significantly increases with a longer delay time (9, 15, 16). The mass in the reported case showed significant heterogeneous enhancement in the arterial phase, and the density decreased with a longer delay time, which is concerning for rich vascularity, an important characteristic of malignant lesions. In addition, a large mass with multiple separated sites of attachment should be considered as a sign of malignancy (1), although this was not observed in our case. Imaging characteristics of the two diseases were summarized in Table 1.


TABLE 1    Comparison of imaging characteristics of cardiac intimal sarcomas and myxomas.

[image: Table 1]

The mean survival of patients with cardiac intimal sarcoma ranges from 3 months to 1 year (11). Surgical resection is the only management strategy that is associated with prolonged survival (17). Chemotherapy is indicated in patients who cannot undergo surgery, although its benefits are limited.



Conclusion

Cardiac intimal sarcoma is a rare disease with specific characteristics. This case emphasizes the challenges of differential diagnosis and the importance of multimodality imaging for preoperative assessment.
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A-41-year-old man diagnosed with acute myeloid leukemia (AML) survived dasatinib + fluconazole drug-induced long QT syndrome, sudden cardiac arrest, and torsade de pointes. Drug features and interaction jointly contributed to the whole process. Therefore, appropriate attention to drug interaction and close ECG monitoring are highly recommended for hospitalized patients, especially for those undergoing multi-drug regimens.

KEYWORDS
 dasatinib, fluconazole, drug-induced long QT syndrome, torsade de pointes, tyrosine kinase inhibitor, sudden cardiac arrest, case report


Introduction

Cardiac arrhythmia is an emerging and insufficiently recognized concern of anticancer drugs, resulting mostly from the use of an increasing number of targeted therapies, such as tyrosine kinase inhibitors (TKI) (1). In a World Health Organization pharmacovigilance study, 40 anticancer drugs, which were mostly kinase inhibitors (41%), were significantly associated with drug-induced long QT syndrome, which may deteriorate into morphologically distinctive polymorphic ventricular arrhythmia, torsade de pointes (Tdp), and sudden cardiac death (2). In this report, we present a patient with acute myeloid leukemia (AML) who, during hospitalization, survived Tdp and sudden cardiac arrest, which were caused by multiple factors, such as dasatinib and fluconazole co-administration and patient factors.



Case presentation


Timeline

[image: Table1]

A 41-year-old man with a 6-month history of AML was admitted to our hospital for an invasive fungal infection of the lung, liver, and blood of a 4-month duration. In September 2021, the patient first presented to another hospital with fatigue and gingival bleeding. His complete blood count (CBC) was as follows: white blood cell, 4.48 × 109/L; hemoglobin, 71 g/dL; and platelets, 21 × 109/L. Bone marrow aspiration revealed the presence of blast cells (60%). Flow cytometry revealed 35% abnormal myeloid blasts expressing CD34, CD38, CD117, HLA-DR, CD13, CD33, and MPOdim. These abnormal myeloid blasts partially expressed CD19, CD15, and CD71, but lacked CD5, CD7, CD10, and CD14. Karyotype analysis showed 45,X,-Y,t(8,21)(q22;q22) in 20 analyzed metaphases. Next-generation sequencing revealed the presence of KIT (p.N822K). The diagnosis of AML [M2, ETO+, c-KIT (N 822+)] was made. Thereafter, the patient underwent induction chemotherapy, consisting of aclarubicin, homoharringtonine, and cytarabine. Then, 15 days later, the patient experienced diarrhea, fever, and pneumonia. The test results were suggestive of invasive fungal disease. Antifungal agents, including amphotericin B formulation and caspofungin acetate, were administered. In January and March 2022, the patient underwent two rounds of venetoclax (VEN) and azacitidine (AZA) chemotherapies separately. However, the infection was not thoroughly controlled; it gradually invaded the liver in the following months. Next-generation sequencing of a liver biopsy obtained in February 2022 confirmed Candida tropicalis infection. Thereafter, he was admitted to our hospital in April 2022. His medical and family histories were unremarkable.

On admission, echocardiography and electrocardiography findings were unremarkable. Antifungals, including micafungin, fluconazole, and antibacterial ceftazidime, were administered intravenously. Approximately 24 days after admission, 100 mg of dasatinib was administered orally. Thereafter, the patient complained of palpitations. Blood pressure was markedly elevated to 204/98 mmHg. The temperature, heart rate, and respiratory rate were 36.5°C, 42 beats per minute, and 15 breaths per minute, respectively. Electrocardiography showed remarkable sinus bradycardia, heart rate of 38 beats per minute, QT interval of 520 ms, and QT correction (QTc) interval of 482 ms (Figure 1). No ST segment deviation and T wave changes were observed. The complete blood count (CBC) was as follows: white blood cell, 7.53 × 109/L; hemoglobin, 115 g/dL; and platelets, 96 × 109/L. His full blood chemistry panel showed slight hypokalemia (3.22 mmol/L, reference level 3.5–5.5 mmol/L) and normal serum creatine and liver enzyme levels. NT-proBNP concentration was 434 pg./mL (reference level is ≤125 pg./mL), and the hyper-sensitive cardiac troponin T (hs-cTnT) level was 22.8 ng/L (reference level < 14 ng/L). The plasma magnesium level was 0.86 mmol/L (reference level = 0.75–1.02 mmol/L). Atropine was administered to increase the heart rate, whereas sodium nitroprusside was administered to decrease the blood pressure. Additionally, oral and intravenous potassium supplements were administered. On the second day, the potassium level increased to 3.68 mmol/L. At 1 p.m., the patient suddenly lost consciousness, and cardiopulmonary resuscitation was immediately initiated. The electrocardiography on the defibrillator showed ventricular fibrillation, and electrical cardioversion was performed simultaneously. The patient regained full consciousness and was transferred to the cardiac intensive care unit. Several episodes of torsade de pointes (Figure 1) were detected on cardiac telemetry monitoring; however, these episodes did not affect hemodynamic stability. Fluconazole and dasatinib were suspected to have induced these hemodynamic changes and were discontinued. Thereafter, intravenous isoproterenol was administered to elevate the heart rate to >90 beats per minute and shorten the QT interval. Aggressive potassium supplements were used to increase the potassium level to >4 mmol/L. Magnesium supplements, including magnesium sulfate and potassium magnesium aspartate, were added. The vicious arrhythmia abated, and the QTc interval gradually returned to 427 ms (QT interval returned to 366 ms) in the 3 days following the event. The longitudinal QT change is shown in Figure 2. Then, 5 days later, hs-cTnT and NT-proBNP levels were 23.4 ng/L and 162.1 pg./mL, respectively. Echocardiography revealed consistent normal left ventricular function. The patient was discharged after prolonged monitoring and duly educated about the prohibited use of certain drugs. Then, 2 months later during follow-up, the patient underwent chemotherapy in another hospital.
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FIGURE 1
 Electrocardiogram.
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FIGURE 2
 QT and QTc changes.





Discussion

The development of various anti-cancer therapeutics has improved the prognosis and increased the survival time of patients with different malignancies (3). However, associated cardiovascular adverse drug reactions, such as heart failure (4), acute myocardial infarction (5), myocarditis (6), vicious arrhythmia, and sudden cardiac death (1), have been the concern of clinicians. A drug-induced long-QT syndrome is an important adverse reaction of anti-tumor drugs, which can further deteriorate into Tdp, ventricular fibrillation, and sudden cardiac death. QTc prolongation refers to corrected QT prolongation > 450 ms in men and >470 ms in women (7) or an absolute increase of >60 ms above baseline. The risk of Tdp increases by 5%–7% for every 10-ms extension in the QTc interval (8), and QTc > 500 ms is considered to be remarkably associated with Tdp (9). However, the relationship between the changes in QT and Tdp widely varies. Tdp may occur when QTc is mildly prolongated, whereas, in some individuals, no events result from markedly prolonged QT (10). In this case, QTc was slightly elevated, which triggered Tdp and ventricular fibrillation. Herein, QT prolongation was not the cause of Tdp, but the manifestation of the increase in dispersion of repolarization, which provided the arrhythmogenic substrate and resulted in Tdp (11). Transmural dispersion of repolarization has been proven to be an indicator of this abnormality (12).

Dasatinib, the second-generation tyrosine kinase inhibitor, has been reported to suppress various types of kinases, including BCR-ABL1, FGFR2, c-KIT, PDGFRα, PDGFRβ, EPHA, and Src family (13, 14). Therefore, the drug is now being used to treat patients with leukemia having targeted chromosomal changes. This patient went through recurrent fungal and bacterial infections, which restricted the periodic administration of chemotherapy. After admission, his response to antifungal therapy was poor, and bone marrow aspiration revealed a possible AML relapse. Considering the role of c-KIT mutation in AML and the use of dasatinib, according to the NCCN 2022 guideline, in this kind of patient (15, 16), the hematologist decided to administer 100 mg of dasatinib, instead of chemotherapy, to target the c-KIT mutation. Dasatinib is rapidly absorbed, and at least 80% of the oral dose is deemed to be bioavailable. Dasatinib is eliminated through CYP3A4-mediated metabolism, with a relatively short half-life of approximately 5–6 h. Dasatinib pharmacokinetics are not influenced by age, race, and renal insufficiency. Clinicians need to be cautious of potential drug interactions between dasatinib and pH-modifying agents (17) and strong inducers/inhibitors of CYP3A (18).

According to the data extracted from adverse event reports recorded in the publicly available version of the United States Food and Drug Administration (FDA) Adverse Event Reporting System (FAERS) database, dasatinib can induce torsade de pointes/QT prolongation (at a relatively low rate) and pulmonary hypertension (19). Spechbach et al. (20) presented a case of dasatinib-induced reversible ventricular arrhythmia. Considering its pharmacokinetic characteristics, dasatinib is mostly metabolized by cytochrome P450 3A4 (CYP3A4). Hence, it is subjected to triazoles, and its risk of toxicity and half-life can be largely augmented when exposed simultaneously (18). Another tyrosine kinase inhibitor, osimertinib, when combined with litsea cubeba, has been reported to cause Tdp (21). Monitoring the plasma concentration of dasatinib may be helpful to determine the safe range. The safe concentration of dasatinib not causing pleural effusion has been determined (22), but data about Tdp are lacking. Unfortunately, we are unable to determine TKI plasma concentrations in our hospital, so were unable to establish if dasatinib plasma concentration was elevated at the time when the patient developed TdP. Ongoing measurement of dasatinib plasma levels may have allowed the patient to safely continue dasatinib treatment following either a dose reduction or cessation of the interacting drugs.

Fluconazole is a triazole antifungal agent that inhibits the growth of fungi by inhibiting ergosterol production. It is commonly used to treat opportunistic fungal infections caused by Candida, Cryptococcus, and other fungal species. It has been proven to prolong the QT interval and endocardial ventricular action potential duration, increase transmural dispersion of repolarization, and induce early afterdepolarizations (EADs) in rabbit models (23). It was found to induce torsade de pointes in children (24) and adults, when administered singly or combined with other drugs, such as amitriptyline (25), fluoroquinolone (26), and arsenic trioxide (27). Acting as a potent inhibitor of cytochrome P450 3A4 (CYP3A4), fluconazole, may exhibit indefinite clinical effects due to drug interactions. In our case, the patient responded to fluconazole treatment only in the first 24 days but experienced sudden cardiac arrest when dasatinib was added. Herein, after excluding other possible factors, we suspected the reactions to be due to the drug features of dasatinib and its drug interactions with fluconazole.

Several risk factors contribute to the development of Tdp in hospitalized patients; they include QTc > 500 ms, QT-prolonging drug use, heart disease (congestive heart failure and myocardial infarction), advanced age, sex (woman), electrolyte disturbance (hypokalemia, hypomagnesemia, hypocalcemia, etc.), diuretic treatment, impaired hepatic drug metabolism (hepatic dysfunction or drug–drug interactions), bradycardia, and genetic polymorphisms (28). Particularly, drug interactions are easily neglected in clinical practice. Meanwhile, in our case, extracellular potassium increased, but intracellular potassium was unclear and potassium imbalance should be considered as one factor predisposing to arrhythmia. In clinical practice, QTc prolongation may occur without deteriorating into Tdp, as occurs with amiodarone use. Transmural dispersion of repolarization seems important but still lacks valid markers for monitoring and needs further investigation.



Conclusion

In this report, a 41-year-old man experienced sudden cardiac arrest and Tdp after dasatinib and fluconazole co-administration. Based on this case, clinicians should be cautious of the potential cardiac side effects of dasatinib and the possible drug interaction between dasatinib and CYP3A4 inhibitors. Additionally, the case accentuates the necessity for ECG monitoring during anticancer drug administration.
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We present the case of a young woman without a medical history who presented with a giant right atrial, transtricuspid, and right ventricular mass and in a severe clinical state. Multimodal imaging raised the suspicion of primary cardiac angiosarcoma. Due to rapid hemodynamic and respiratory deterioration, we were forced to perform surgical removal of the mass with a concomitant reconstruction of the involved right heart structures, only 48 h after presentation. The postoperative course was uneventful, and the patient was discharged from the intensive care unit 2 days later. Radical surgical resection with reconstruction of the resected heart structures was the only possible salvage option for giant angiosarcoma, which led to hemodynamic instability. Followed by chemotherapy, this radical approach may prolong survival.
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1. Introduction

Malignant cardiac tumors are scarce clinical entities with poor prognosis and a median survival time ranging from 6 months to a few years (1). Their occurrence in autopsy series varies between 0.001 and 0.28%, with angiosarcomas being the most common form (2). Aggressive local growth and metastasis are common features of angiosarcoma, and the primary site for metastases is represented by the lungs (3). Over the last decades, different treatment options have been proposed for dealing with angiosarcoma, unfortunately with poor results. This is likely related, on the one hand, to the complexity of the complete surgical resection of the tumor and the involved vital structures and, on the other hand, to the relative non-responsiveness of angiosarcomas to adjuvant therapies (1).



2. Case report

We report the case of an 18 years-old woman without a medical history who was admitted with symptoms of fatigue, dyspnea, and leg edema, which had started and worsened over the course of 3 weeks. The patient had no previous symptoms and no family history of malignancies. Upon admission, various diagnostic tests were conducted, including an electrocardiogram, echocardiography, computed tomography (CT), and magnetic resonance imaging (MRI). On admission, the patient’s vital signs were normal (heart rate 95 bpm, blood pressure 110/60 mmHg, and oxygen saturation 98–99%). Laboratory results showed normochromic normocytic anemia (Hgb 11,7) and thrombocytopenia (PLT = 75.000 μL). The electrocardiogram revealed sinus tachycardia and a minor right bundle branch block. Physical examination showed dyspnea and leg edema, but no heart murmur and no jugular venous distension. Echocardiography revealed moderately impaired RV function, almost normal LV function, and a large mass occupying the right atrium and extending partially into both caval veins (Supplementary Figure 1). The mass was also expanding through the tricuspid valve into the RV, obstructing the RV inflow and outflow tract. The anterior and posterior tricuspid leaflets were engulfed in the tumoral mass (Supplementary Video 1). MRI confirmed the echocardiographic findings and further described the mass enclosing a part of the right coronary artery. The MRI appearance of the mass was highly suggestive of angiosarcoma (small intralesional foci with hyperintense T1 signal and hyperintense T2 signal compared to the myocardium, postcontrast heterogenous enhancement with gadolinophilic tissue areas, and intratumoral necrotic inclusions) (Supplementary Figure 2 and Supplementary Video 1). A full body CT scan revealed multiple small pulmonary nodules, but no other secondary determinations.

Differential diagnosis of cardiac angiosarcoma must include hemangioendothelioma, intracardiac metastases (including metastatic angiosarcoma) as well as leiomyosarcoma, fibrosarcoma, or malignant fibrous histiocytoma.

To determine the therapeutic strategy, the patient was evaluated by a multidisciplinary team that included a cardiologist, oncologist, anesthesiologist, and thoracic and cardiovascular surgeon.

The patient was provided with psychological support to help her understand the severity of her diagnosis and the necessity of continuous treatment. It was our patient’s decision to continue with the treatment.

Due to severe obstruction of the tricuspid valve, the patient developed a low cardiac output state, leading to severe hemodynamic instability, and therefore, we were forced to perform urgent surgical resection of the tumor. After sternotomy and adhesiolysis, a right femoro-femoral and concomitant distal cannulation of the superior vena cava was performed. Antegrade cardioplegia was administrated, and the right atrium was opened by resecting the entire free wall. Intraoperatively, we found a giant mass (11/10 cm) invading the entire right atrium, including the free wall, one-third of the right coronary artery, the anterior and posterior tricuspid valve leaflets, the basal part of the RV free wall, and a significant part of the RV cavity (Supplementary Video 1). The mass extended also to the proximal parts of both caval veins. Extensive tumoral resection was performed. Approximately 7 cm of the right coronary artery had also to be excised, and accordingly, a right coronary bypass graft was necessary. After complete macroscopic resection of the tumor (Supplementary Video 1), the reconstruction began with the implantation of a valvular prosthesis. As two-thirds of the annular circumference was resected, the bioprosthesis had to be fixed by pledged sutures to the endocardium of the RV free wall and to the septal leaflet (Supplementary Video 1). The right atrial wall was reconstructed using a generous bovine pericardial patch, which was directly sewn to the prosthetic valve ring, the interatrial septum, and the caval veins (Supplementary Video 1). Weaning from CPB was uneventful, and the aortic-cross-clamp time and CPB time were 115 and 239 min, respectively. The early postoperative course was uncomplicated, and our patient was discharged from the ICU 2 days later. The postoperative TEE showed a normofunctional bioprosthesis, with a mean diastolic gradient of 1.3 mmHg, moderate RV dysfunction (FAC 24%), and mild LV dysfunction (Supplementary Video 1).

The diagnosis of high-grade angiosarcoma was confirmed by the histopathologic and immunohistochemistry examinations, which were positive for CD31, CD34, ERG (erythroblast transformation-specific-related gene), and Ki67 (Supplementary Figure 3).

Due to the presence of lung metastases and the R1 resection, following surgery, the patient underwent chemotherapy with ifosfamide (3,000 mg) and mesna (2,800 mg). Starting from the second cure, the chemotherapy was extended with doxorubicin (40 mg). At 6 months of follow-up and after completing six sessions of chemotherapy, the patient presented in a stable clinical state NYHA I, with normal LV function and mild RV dysfunction. Furthermore, there was no evidence of tumor recurrence, and the small pulmonary nodules could not be identified anymore in the follow-up CT performed at 6 months. Unfortunately, 2 months later, a 20/19 mm intracranial metastasis was identified on the brain CT scan, and after 1 month, the patient underwent surgical resection and started radiotherapy. The chronological order of clinical events is shown in Supplementary Table 1.



3. Discussions

Cardiac angiosarcoma is a rare entity in clinical practice, and thus, there is a lack of consensus guidelines on the management of this pathology. Cardiac angiosarcoma is often found in the right atrium, but it can also invade the right ventricle, the tricuspid valve, and the right coronary artery.

Patients are asymptomatic only if the tumor is discovered in a very early stage. As the tumor mass grows, it may exhibit not only varied symptoms such as dyspnea or chest pain but also hemoptysis and embolic events (4). Early-stage diagnosis should be managed by immediate surgical therapy, as several studies have demonstrated the best long-term survival after complete resection in small angiosarcoma (1, 4, 5). Furthermore, as reported by different groups, a preoperative endomyocardial biopsy may lead to complications without being a very sensitive method for angiosarcoma diagnosis. Accordingly, this procedure should not be mandatory (6). Nevertheless, early-stage cardiac tumors are diagnosed incidentally or, unfortunately, often overlooked.

Due to rapid infiltrating growth, in patients with advanced right-sided angiosarcoma, the clinical presentation may be dominated by complications deriving from the massive tumor (7).

Right-sided tumors are bulky, infiltrative, and tend to metastasize early, but they do not usually present congestive heart failure until late in the disease (8, 9). To accurately characterize the tumor location and size, as well as its possible distant metastatic lesions, non-invasive imaging methods such as echocardiography, CT, and MRI contribute essentially. Thus, even if surgery may be often challenging, good imaging may improve preoperative planning and reduce the risk of operative mortality (10). Furthermore, imaging can even postpone surgery in some patients and prefer preoperative chemotherapy as a possibility of shrinking the tumor mass (11). This approach was used by Blackmon and Reardon who report their experience with 15 operated angiosarcomas in patients with no heart failure or imminence of heart failure. They started with preoperative chemotherapy to shrink the tumor, followed by surgical resection. In their case, median survival was 27 months, with the longest-surviving patient alive at 9.5 years. Our patient developed heart failure due to obstruction of the tricuspid valve, and such an approach was not possible at the time of presentation (5).

As described by Yadav and Mangla (8) in their study, surgical resection with an R0 margin is associated with the best outcomes. In situations where R0 resection is not achieved, chemotherapy and radiation therapy after surgical resection may improve results.

Nevertheless, technically feasible, surgical resection still represents the gold standard and an important prognostic factor for angiosarcoma treatment. In our case, surgery was necessary to achieve hemodynamic stability and relieve the life-threatening obstruction. Similar to other reports where R0 resection was achieved only in approximately 25% of cases, in our patient, an R0 resection has not been demonstrated by the histopathologic examination (10). Nevertheless, even in cases where R0 resection is possible, there still remains a high risk for local recurrence or even the appearance of postoperative metastatic lesions (12). As recommended by other authors, adjuvant chemotherapy should be considered in all patients (10). Even if there are no clear recommendations or clearly designed protocols for radiotherapy or targeted therapy as adjuvants to surgery, it has been reported that they may improve survival, especially in patients with R1 resection (10, 13).

In our case, the decision to offer immediate surgery and postpone chemotherapy was driven by the hemodynamic instability, even if several vital structures were infiltrated. The surgical judgment was based on the fact that complete resection of these structures may not severely influence the right heart function, especially as they were already affected by the tumor infiltration. Hence, right ventricular contractility was not severely affected by the ventricular wall resection as the excised area was already akinetic before surgery. Furthermore, the resected coronary artery could be replaced by a venous graft, as already described in the literature, without influencing the contractility of the remained RV (14). The replacement of the resected tricuspid valve offered a stable structure to rebuild the right atrioventricular groove and the right atrial wall using a heterologous pericardium. Hence, we advocate for complete surgical resection of the infiltrated right heart structure s in this malignant pathology whenever a sufficient part of the right ventricle remains functional.

Recently, a combination of proton beam therapy and chemotherapy followed by adjuvant chemotherapy has emerged as a promising approach for patients with R1 resection of right-sided angiosarcoma. Mangla et al. (15) reported a survival time of 18 months after treatment completion in a young man. Taxanes have been found to have similar efficacy compared to anthracyclines, however, without the cardiotoxicity associated with anthracyclines. Although survival after proton beam therapy is encouraging, it is not currently available at our institution (15).



4. Conclusion

Taking into account that cardiac angiosarcoma is associated with a very poor prognosis, an early-stage diagnosis should be immediately treated with surgical resection and a meticulous postoperative follow-up. In advanced cases, preoperative imaging should help plan aggressive resection and reconstruction of the involved structures. Multidisciplinary teams must establish the applications and benefits of postoperative adjuvant therapy, which may improve long-term survival.
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Case report: Diagnosis, management and evolution of a bulky and invasive cardiac mass complicated by complete atrioventricular block
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Introduction: Cardiac lymphoma is a rare but serious disease that is usually located in the right heart. The symptoms (dyspnea, respiratory distress, fatigue, syncope…) are not specific and depend on the mass location. Cardiac magnetic resonance has a crucial role in the diagnostic strategy but biopsy is mandatory to confirm the diagnosis.



Case presentation: We report the case of a 63-yeart old man who presented with severe dyspnea and complete atrioventricular block (AVB). A bulky and invasive mass was found in the left atrium extending to the right atrium through the interatrial septum. A cardiac lymphoma was suspected by cardiac magnetic resonance (CMR) imaging and confirmed by transvenous biopsy. The patient was treated with urgent chemotherapy (R-CHOP) and pacemaker implantation. After 4 cycles of R-CHOP the patient was in complete remission with total disappearance of the mass and return of a spontaneous sinus rhythm.



Conclusion: lymphoma is a therapeutic emergency as appropriate treatment can lead to complete remission even when the mass is extensive and invasive. Complete AVB is a potentially reversible complication of cardiac lymphoma, and the decision to implant a pacemaker must be carefully weighed.
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Introduction

Multimodality imaging, and in particular cardiac magnetic resonance (CMR), plays a key role in the diagnostic strategy of cardiac masses (1, 2). However, when a malignancy is suspected, a cardiac biopsy is necessary to distinguish sarcoma from lymphoma, as the treatments are diametrically opposed (1). Lymphomas are most often located in the right heart and rarely involves the left side, but few cases of left heart localization have been reported (3, 4). To our knowledge, we report the first case of a large left-sided cardiac lymphoma complicated by complete atrioventricular block (AVB) that was diagnosed by transvenous imaging-guided biopsy through its extension across the interatrial septum. Our case also illustrates that cardiac lymphoma is a therapeutic emergency, as a rapid intravenous bolus of corticosteroids and chemotherapy can result in rapid regression of the mass even when the mass is extensive and invasive, and that complete AVB is a potentially reversible complication of cardiac lymphoma.



Case presentation

In March 2022, a 63-year-old man without notable past medical history presented with rapidly progressive exertional dyspnea associated with night sweats. The electrocardiogram revealed complete atrioventricular block (AVB) with a heart rate of 40 beats per minutes and narrow QRS complexes. Lab tests showed anemia with hemoglobin at 9 g/dl, normal renal function and a biological inflammatory syndrome with CRP at 181 mg/L (normal upper limit: 4 mg/L) and the patient was transferred to the intensive care unit with Isoprenaline infusion. The initial workup included a bedside transthoracic echocardiography, which revealed a heterogeneous left atrial mass, measured at 50 × 60 mm, infiltrating the inter-atrial septum with an extension into the right atrium measured at 43 × 26 mm. This mass seemed to be implanted in the lateral wall of the left atrium and prolapsed into the mitral valve causing moderate mitral regurgitation and significant mitral stenosis with a mean gradient ranging from 7 to 14 mmHg. Then, a thoracic, abdominal and pelvic CT scan was performed and showed the cardiac mass associated with a mild pericardial effusion, hilar and mediastinal lymphadenopathy and bilateral moderate pleural effusion (Figure 1). The workup was completed by a cardiac magnetic resonance imaging (CMR) study to better characterize the mass. CMR confirmed the presence of a bulky mass with a “cauliflower” appearance, extending throughout the entire left atrium, infiltrating the interatrial septum and the right atrium as well as the basal inferior and inferolateral walls of the left ventricle (Figure 2A). This mass appeared isointense on black blood spin echo T1-weighted imaging, slightly hyperintense on fat saturated T2-weighted imaging with a heterogeneous enhancement on late gadolinium enhancement (LGE) sequences (Figures 2B,C), suggestive of a malignant tumor. In order to distinguish between cardiac lymphoma or sarcoma, for which initial treatments are diametrically opposed (i.e., urgent chemotherapy vs. surgical resection) (1), a myocardial biopsy guided by transesophageal echocardiography was performed. Four endomyocardial fragments were collected from the right atrial side of the interatrial septum via a femoral venous access. Given the persistence of complete AVB at day 7, a VVI single lead transvenous pacemaker was implanted. Prompt pathological analysis revealed the presence of a diffuse large B-cell lymphoma classified as germinal center B cell type (CD10+, BCL6+, MUM1+), with a double expression of MYC/BCL2 (Figure 3). Urgent treatment was initiated as soon as the pathology results were obtained, 10 days after the biopsy, with corticosteroids (1 mg/kg) associated with chemotherapy including rituximab, cyclophosphamide, doxorubicin, vincristine, and prednisone (R-CHOP). Six cycles of R-CHOP were completed within 6 months, allowing a clear improvement of the dyspnea and of the overall condition. CT-scan after the fourth cycle of R-CHOP showed complete remission of the lymphoma (2). After setting the MR conditional pacemaker to DOO mode, follow-up CMR revealed complete disappearance of the cardiac mass (Figures 2D–F). Because the patient was in spontaneous sinus rhythm at the last visit and the stimulation rate dropped from 100% to 26% after the third R-CHOP cycle, an evaluation by the cardiac electrophysiologist was scheduled 3 months later to assess the percentage of RV pacing for possible pacemaker removal. Written informed consent was obtained from the patient for the publication of any potentially identifiable images or data included in this article.


[image: Figure 1]
FIGURE 1
Thoracic CT-scan showing mediastinal lymphadenopathies (red arrows) and the left atrial mass (yellow stars) in axial view (A and B) and in coronal view (C). Presence of a bilateral pleural effusion and a thickened pericardium (B).
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FIGURE 2
CMR showing a bulky mass extending throughout the left atrium, infiltrating the interatrial septum and right atrium, on cine imaging sequence (A), slightly hyperintense on fat-saturated T2-weighted imaging (B) with heterogeneous enhancement on late gadolinium enhancement sequences (C) with complete disappearance after 6 cycles of R-CHOP in the same sequences (D–F).
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FIGURE 3
Hematoxylin and eosin stain: large lymphocytes cells with moderately abundant cytoplasm and oval nuclei containing several nucleoli corresponding to centroblasts.




Discussion

Cardiac lymphoma is a rare disease accounting for only 1.3% of all cardiac tumors and 0.5% of lymphomas (1, 3). There is a male predominance and the mean age at diagnosis is 63 years as in the current case (3). The tumor is most often located in the right heart (atrium or ventricle) and rarely involves the left side, but few cases of left heart localization have been reported (3, 4). The symptoms are not specific and depend on the location of the mass. They may include dyspnea with possible respiratory distress, syncope related to cardiac rhythm or conduction disorders, superior vena cava syndrome as well as altered overall condition and fatigue (3). In our patient's case, the dyspnea was most likely related to the obstructive nature of the tumor through the mitral valve resulting in mitral stenosis and to the complete AVB due to conduction pathway infiltration.

Cardiac masses include benign tumors, primary and secondary malignancies, and other diagnoses (e.g., thrombus, pericardial cyst, and Lambl's excrescences). Multimodality imaging, and in particular CMR, plays a key role in the diagnostic strategy (1) Beyond the localization and mass aspect, T1 and T2 weighted imaging and LGE sequences are crucial to distinguish between benign from malignant tumors (1, 5). Lymphoma generally appears isointense on T1- and T2-weighted imaging (or mildly T2-hyperintense due to diffuse edema) and may or may not show enhancement on LGE sequences. Sarcomas also appear isointense on T1-weighted imaging but show hyperintensity on T2-weighted imaging and heterogeneous enhancement on LGE sequence (1, 5). Because of the slight T2 hyperintensity in our patient, both diagnoses were possible. Nevertheless, the distinction between these two entities is mandatory, because the treatments and outcomes are totally different. Complete surgical resection, that is often difficult and damaging to the cardiac structures is the best option for sarcomas, whereas corticosteroid therapy and chemotherapy should be initiated promptly for cardiac lymphoma (1). Corticosteroids can be started promptly without waiting for the biopsy results if there is a strong clinical suspicion of lymphoma in order to improve the patient's symptoms (6). Surgery is not indicated in the management of cardiac lymphoma except for pathological documentation when transvenous biopsy is not feasible (1). Indeed, histological documentation is required and essential to establish the correct diagnosis and to start the appropriate treatment without delay. Fortunately for our patient, the mass had invaded the right atrium through the interatrial septum and an imaging-guided transfemoral biopsy was possible, which is rarely the case for left heart masses.

Primary cardiac lymphoma in immunocompetent patients −as in this case− are infrequent, accounting for only 1.3% of primary cardiac tumors (1, 7). The vast majority of cardiac lymphomas are aggressive B-cell lymphomas carrying a poor prognosis, with more than 60% of patients dying within 2 months of diagnosis (1, 8). Predictors of unfavorable outcome include immune status, presence of extracardiac disease, left ventricular involvement, and arrhythmia (3). However, the response rates to chemotherapy ranged between 79% and 87% and unlike cardiac sarcomas, numerous other cases of complete remission have been reported in cardiac lymphomas (9). Most cases of complete remission of cardiac lymphoma involve the right heart, but some cases involving the left side, diagnosed and treated rapidly as in the present one, have also been reported (4, 9).

Complete AV block is a known complication of cardiac tumors, and few cases have been reported in cardiac lymphomas (10, 11). In most of the reported cases, these patients benefited from pacemaker implantation but the conduction disorders improved under chemotherapy, raising the question of the need for permanent pacemaker implantation in this case (10, 11). If the patient is clinically stable, it may be reasonable to delay the pacemaker implantation until evaluation of the clinical response to chemotherapy or to use a temporary pacemaker in the meantime (10). Subramanyam et al. proposed an algorithm for the management of cardiac conduction abnormality in patients with cardiac lymphoma (11). They suggest, in the absence of hemodynamic instability, to wait until performing CMR to assess the extent of cardiac involvement by the tumor before placing the temporary pacemaker. Then, two decisions should be taken: the duration of the temporary pacing before the implantation of a definitive pacemaker and the type of pacemaker to be implanted (i.e., transvenous or leadless) (11). Transition to a permanent pacemaker should be considered in cases of persistent complete AVB with extensive lesions impacting cardiac conduction that are not expected to resolve in a few weeks, as in our patient's case (11) There are no recommendations on the type of pacemaker that should be implanted and, if dual chamber pacing is not required, a leadless pacemaker could be considered in these patients who are at high risk of infection (11). However, no study has yet compared transvenous and leadless pacemakers in cancer patients in terms of complication rates. Thus, the management of cardiac conduction disorders associated with lymphoma is complex and requires close coordination between cardiology and oncology teams. In our patient's case, the pacing rate dropped from 100% to 26% after the third cycle of R-CHOP, and a reevaluation by the cardiac electrophysiologist was planned to discuss possible removal of the device.

Despite the complete remission, the patient will be followed closely by cardiac and thoracic imaging with rigorous hematological monitoring because recurrence risk (often extracardiac) estimated at 55% (9).



Conclusions

A prompt cardiac biopsy, ideally percutaneous and guided by imaging should be performed if a malignant cardiac tumor is suspected in order to select the appropriate treatment. Cardiac lymphoma should be considered as a therapeutic emergency, since prompt intravenous bolus of corticosteroids and chemotherapy can provide rapid regression of the mass and ultimately complete remission even when the mass is extensive and invasive. Complete AVB is a potentially reversible complication of cardiac lymphoma, and the decision to implant a pacemaker must be carefully weighed (Figure 4).


[image: Figure 4]
FIGURE 4
Timeline of the case. AVB, atrioventricular block; CMR, cardiac magnetic resonance; CT, computed tomography; NYHA, New York Heart Association.
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Breast cancer is the most commonly diagnosed cancer in women worldwide, and with the increased survival of patients by novel treatments, the frequency of complications of cancer treatments rises. Radiotherapy, especially on the chest wall, can damage different cardiac structures. Radiotherapy-induced cardiomyopathy mainly occurs over 10 years after breast cancer treatment; however, there is a gap in the literature on acute myocarditis following radiotherapy. Here, we present a 54-year-old woman who developed acute myocarditis shortly after 25 sessions of radiotherapy with 50 Gy of radiation, successfully diagnosed with the use of speckle tracking echocardiography (STE) and cardiac magnetic resonance (CMR), and responded to the medical treatment with relative clinical improvement until the final follow-up. This case suggests the necessity of detailed examination of patients after radiotherapy, not only for chronic occurrence of cardiomyopathy but also for acute myocarditis. Although STE and CMR resulted in accurate diagnosis, in this case, further studies are required to determine the diagnostic accuracy of these two imaging methods compared with other imaging modalities in such patients and investigate the best diagnostic tool and therapeutic approach for these patients.
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Introduction

Cardiovascular diseases (CVDs) and cancers are the top causes of death worldwide, and female breast cancer is the most diagnosed cancer with an increasing trend (1). With the advances in early diagnostic and new treatment approaches, the survival of patients improves, resulting in the increased occurrence of cancer treatment complications (2). Certain types of chemotherapy can lead to cardiovascular complications because of their cardiotoxic effects (3). Radiotherapy (RT) can also result in coronary artery disease (by the induction and acceleration of atherosclerosis through endothelial damage), as well as fibrotic damage to the valves, pericardium, and myocardium, with an estimated incidence of 10%–30%, occurring 5–10 years after treatment, known as radiation-induced heart disease (RIHD) (4).

Cardiomyopathy, induced by RT, is mainly silent (without clinical symptoms) with minor electrocardiography (ECG) changes, and the diagnosis is usually made by the abnormal findings of transthoracic echocardiography (TTE) and cardiac magnetic resonance imaging (CMR) (5). Furthermore, RT-induced cardiomyopathy generally develops over 10 years after RT, when the patient does not refer to the physician regularly, which increases the chance of missed diagnosis (6). However, the acute development of cardiomyopathy and other RIHDs should also be considered (7). Here, we present a case with the occurrence of acute myocarditis after RT for breast cancer, successfully diagnosed with the use of speckle tracking echocardiography (STE) and CMR and responded to the medical treatment until the final follow-up.



Case presentation

A 54-year-old woman, with known case of diabetes mellitus (DM, controlled with oral hypoglycemic pills) and ischemic heart disease (left main and advanced three-vessel disease), presented to our center with complaints of dyspnea on exertion and orthopnea, with neither feverishness, sputum production, nor chest pain. She was a nonsmoker, had a body mass index of 23 kg/m2, her blood pressure was 105/64 mmHg, heart rate was 110 bpm, and respiratory rate was 28/min. She had no family history of cardiomyopathy. She had been on daily oral long-acting nitrate (nitrocontin 2.6 mg twice a day), 6.25 mg carvedilol thrice a day, 80 mg aspirin once a day, and 20 mg rosuvastatin once a day. Six months before her referral, left breast cancer was diagnosed for the patient (invasive ductal cell carcinoma, T1BN0M0, positive estrogen receptor), and she underwent a left-sided mastectomy (R0 resection) and conventional RT, which included 25 courses of 50-Gy external beam RT with a compact machine (6 MV photon 3D conformal therapy), delivered within 5 weeks. Computed tomography (CT) simulation was done before planning. The clinical target volume was 185.7 and the planned target volume was 548.3; we did not have gross tumor volume (GTV) because the patient underwent surgery, and the gross tumor was resected surgically. Organs at risk (OAR) included the heart, the left and right lung, and the cord. For sparing OARs, the patient was initially immobilized in the treatment position, with immobilization devices (supine breast boards); and posterior jaw was set at zero to half-beam block/beam split to minimize dose of lung and heart. Gantry angle, collimator angle, and table angle were adjusted to optimize coverage of desired targets, while minimizing normal tissue inclusion within the field. Three-dimensional (3D) treatment planning was done for delineation of the breast, heart, lungs, and the cord. All of these organs received radiotherapy less than their tolerant dose. In this plan, mean dose of the heart was 541.7 cGy. The dose–volume histogram is provided in the Supplementary Figure. After RT, the patient developed the symptoms mentioned earlier, which resulted in the referral of the patient to the physician. She remained afebrile in several visits. On physical examination, she had tachycardia and tachypnea; on auscultation, third and fourth heart sound (S3 and S4) and lung crackle were detected.

In the history, the patient was under cardiac follow-up because of the right ventricular outflow tract tachycardia (RVOT VT) with the impression of idiopathic type, left ventricular (LV) ejection fraction (EF) of 49%, and negative single-photon emission computed tomography (SPECT) for more than 2 years. Also, 24-h ECG Holter recordings showed sinus tachycardia, in addition to nonspecific ST-T changes in the precordial leads with premature ventricular complexes (PVC) of 24%, for which medical treatment with 40 mg verapamil thrice a day was prescribed 2 years ago. Four months later, with 14.7% PVC count and a drop in LV EF to 31%, the patient was scheduled for PVC ablation. However, because of the demonstration of calcified coronaries in fluoroscopy, she underwent diagnostic angiography, which determined left main and three-vessel disease, according to which the treatment strategy shifted to coronary artery bypass grafting (CABG). After the surgery, LV EF improved to 48%, and PVC count reached <1% in serial ECG Holter follow-up.

Before mastectomy, TTE evaluation (performed for estimation of surgical risk) showed an LV EF of 42% and a global longitudinal strain (GLS) of −18.2% (Figures 1, 2A) with mild ischemia in the apex on SPECT. Before RT, PVC was 6% in the 24-h ECG Holter monitoring. After RT, the frequency of PVCs during 24-h Holter monitoring raised to 13.8%, accompanied by a drop of LV EF to 29% (from 42%) and GLS to −11.2% (from 18.2%, Figures 2B, 3). LV EF was measured by 2D TTE and was calculated using Simpson's method. She did not receive any course of chemotherapy at all.


[image: Figure 1]
FIGURE 1
Two-dimensional transthoracic echocardiography 1 week before the radiotherapy course (A–F), illustrating the normal thickness of the left and right ventricular walls, in addition to global mild left ventricular systolic dysfunction: (A) PLAX view. (B) PSAX in the end-diastole. (C) PSAX in the end-systole. (D) A4C view in the end-diastole. (E) A4C view in the end-systole. (F) LV EF = 42% by Simpson's method. PLAX, parasternal long axis view; PSAX, parasternal short axis view; A4C, apical four chamber view.
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FIGURE 2
Speckle tracking echocardiography before and after the radiotherapy course: (A) Before radiotherapy, which showed a global longitudinal strain of −18.2% with myocardial performance impairment in the bases of inferior, septal, and anteroseptal walls a week. (B) After radiotherapy, which showed GLS: −11.2% with evidence of severe myocardial performance impairment accompanied by relative apical sparing.
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FIGURE 3
Two-dimensional transthoracic echocardiography 1 month after the radiotherapy course (A–F), illustrating a marked increase in the thickness of the left and right ventricular walls (15 and 7 mms, respectively), in addition to severe left ventricular systolic dysfunction. (A) PLAX view. (B) PSAX in the end-diastole. (C) PSAX in the end-systole. (D) A4C view in the end-diastole. (E) A4C view in the end-systole. (F) LV EF = 28% by Simpson's method. PLAX, parasternal long axis view; PSAX, parasternal short axis view; A4C, apical four chamber view.


The results of serum tests showed a high sensitivity troponin I level six times above the normal limit (up to 14 ng/L), evaluated using high sensitivity (hs) troponin I assay technique, high level of lactate dehydrogenase (LDH), creatine phosphokinase (CPK), aspartate aminotransferase (AST), estimated sedimentation ratio (ESR), C-reactive protein (CRP), and mild elevated total white blood cell (WBC) count (about 12,000), as well as elevated N-terminal pro-B-type brain natriuretic peptide (NT pro-BNP) (six times above the normal limit). Serum lipids were within normal limits (cholesterol = 162 mg/dl, LDL = 58 mg/dl, HDL = 41 mg/dl, and triglyceride = 166 mg/dl). The viral antibody markers were negative, which include Coxsackie virus group B, human immunodeficiency virus (HIV), cytomegalovirus, Epstein–Barr virus, hepatitis virus family, and influenza virus.

The patient did not accept to undergo endomyocardial biopsy. CMR was performed using a Siemens Skyra 3 T MRI scanner with the application of real-time cine images of LV, short inversion time inversion-recovery (STIR) T2-weighted image (T2WI), T2 mapping, native and postcontrast T1 mapping, and delayed postcontrast images. The results of CMR showed diffuse myocardial inflammation in T1 mapping and extracellular volume (ECV) map of LV, mid-wall late gadolinium enhancement (LGE) in basal segments of the interventricular septum (IVS), and subepicardial delayed enhancement in the basal inferolateral segments of LV without an ischemic pattern of myocardial injury (Figure 4). The regions marked as LGE on MRI refer to the presence of fibrosis in the patient. Matching the patient's clinical signs and symptoms with the European guideline for clinically suspected myocarditis, the diagnosis was considered as active myocarditis.
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FIGURE 4
The results of cardiac magnetic resonance imaging after the radiation (A–D). (A) T2 analysis of mid-septal and mid-lateral segments of the left ventricle revealed prolongation of T2 relaxation time in the mid to apical segments of the lateral wall (52 ms). (B) T2 map image of the left ventricle in short axis view showed abnormal T2 value in the mid-lateral segment of the left ventricle. (C) Delayed postcontrast image of the left ventricle in short axis view showed a subepicardial rim of late gadolinium enhancement on the lateral wall of the left ventricle. (D) Delayed postcontrast image of the left ventricle in long axis three-chamber axis view revealed small focal subepicardial to mid-wall patches of late gadolinium enhancement in the basal inferolateral segment.


The prescribed medications included: carvedilol (12.5 mg twice a day), spironolactone (25 mg once a day), furosemide (40 mg twice a day), rosuvastatin (20 mg once a day), and prednisolone (10 mg once a day). Prednisolone and other medications were prescribed for improving cardiac function based on the available evidence (8, 9). Statin was prescribed considering the LDL level <60 mg/dl. At follow-up visit (2 weeks later), the patient was clinically stable without improvement of echocardiographic or STE findings: LV EF = 33% with normal LV size and focal increased myocardial thickness in the mid to apical lateral segments of the LV. Also, CT angiography at follow-up (10 months after RT) showed patent coronary grafts.

The timeline of the signs, symptoms, and diagnostic and therapeutic procedures are shown in Table 1, arranged in chronological order. On arrival, at the first cardiologist's visit (after the radiotherapy), her symptoms were classified as New York Heart Association (NYHA) class III; after the treatment, it reduced to NYHA class I. The patient gave consent for all steps of the diagnostic procedure and cooperated with the physician. The cardiologist in charge was open to listen to the patient’s opinion and reflected them in the medical records. Comparison between the values measured at the baseline and at the follow-up is provided in Table 2.


TABLE 1 Timeline of the presenting symptoms, diagnostic, and therapeutic procedures.
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TABLE 2 Transthoracic and speckle tracking echocardiographic findings: Baseline and postradiotherapy.
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Discussion

Our case developed acute myocarditis after completing RT sessions. Pre-radiotherapy cardiac examinations, including ECG, echocardiography, and SPECT nuclear scan, were negative; therefore, the patient did not have any diagnosed coronary as well bypass graft failure in blood supply to the heart before radiation. Matching the postradiation clinical signs and results of cardiac examinations (reduced LV EF, reduced GLS, increased frequency of PVC complexes, and increased serum levels of inflammatory markers) with the European guideline of diagnosis of myocarditis guided the physician toward RIHD (10); diagnosis could be proved by biopsy analysis, but our patient refused to undergo cardiac biopsy. Therefore, CMR was performed for the patient, which showed acute myocarditis without an ischemic pattern. With the prescribed medications, the patient's clinical symptoms and signs improved and she had stable echocardiographic manifestations until the last follow-up.

Although the cardiotoxic effects of RT is a known quantity, the frequency and severity of myocardial damage are not parallel in all patients and depend on several factors, including the site of action, radiation dose, the method of administration, and patients’ characteristics, such as underlying CVDs or their risk factors, and the current or previous use of other antineoplastic therapies (11). Because of the proximity of the breast to the heart, RIHD can damage the heart and increase the risk of valvular heart disease, coronary artery disease, cardiomyopathy, congestive heart failure, and acute myocardial infarction, and pericarditis is higher in those with left-sided breast cancer (12, 13). Also, in the acute phase, most patients demonstrate ECG changes, such as abnormal heart rate, poor R wave progression and septal ST changes, RT-associated bundle branch block, and rarely complete heart block (14). The mechanism of RIHD is related to the microvascular ischemia that can disrupt the capillary endothelial framework (increase the capillary permeability) and cause hypoxia and injury to differentiated myocytes that result in the deposition of collagen and fibrosis (14, 15).

Patients with an underlying CVD and/or other diseases, including hypertension and DM, have also a higher vulnerability to the RT-induced endothelial damage and are thus at a higher risk of RIHD (11, 16); our patient also had a positive history of three-vessel disease and CABG 2 years before her mastectomy plus RT. The history of DM also predisposed the patient to endothelial dysfunction and systemic inflammatory reaction that could pave the path for the cardiotoxic effects of RT (16, 17). It is thus important to differentiate the RIHD from the cardiac diseases, such as cardiomyopathy or ischemic heart disease, the patient had before RT or developed after RT due to other causes. History of RT and the clinical signs and symptoms, suggested by the European guideline, can help with the diagnosis (10). It is worth mentioning that the combination of cancer treatment with chemotherapy has also been shown to increase the risk of RIHD in these patients (12, 18), but our patient had received no chemotherapy course at all.

Considering the high prevalence of breast cancer and the risk of damage to the adjacent organs, a high incidence has been reported for RIHD within 2 years of RT (11). Accordingly, several modifications have been suggested for sparing the heart from the toxic effects of RT, such as more accurate mapping by three-dimensional methods, additional maneuvers for displacing the heart from the radiation field, and advanced radiation methods (19), like intensity- and volumetric-modulated radiation therapy, to decrease the dose of radiation delivered to the heart, defined as the mean heart dose (MHD) (20). Also, the risk of RIHD has been shown to be positively associated with the radiation dose and increased per Gy of radiation (21). The cumulative risk of acute coronary event is reported to increase by 16.5% per Gy; the volume of the left ventricle receiving 5 Gy is identified as the most important prognostic dose–volume parameter (7). Despite the recommendations to reduce the MHD, some areas of the heart are exposed to higher radiation doses, which result in the occurrence of cardiac damage, even in small doses of radiation (16). 20–30 Gy has been considered as a high dose (6) and patients with a mediastinal radiation of ≤30 Gy had no increased risk for RIHD, while those >30 Gy reported a 3.5-fold increased risk. Of note, the radiotherapy dose in the case presented here did not pass 30 Gy (22). Thus, severe RIHD is not anticipated in this patient, although long-term follow-up should be performed for evaluating this issue. In addition to the above-mentioned factors, other patient-related risk factors, such as age at diagnosis, also influence the risk of RIHD development (7).

Pericardial fibrosis is caused by collagen deposition in the interstitium and parietal region of the thickened pericardium. Collagen deposition in the cardiac tissue results in RT-induced myocardial fibrosis that replaces cardiomyocytes (6). The oxidative injury and release of proinflammatory cytokines, altered coagulation and platelet activity, and altered permeability of cell membranes finally result in fibrosis and myocardial cell death (23, 24), which justifies the increased serum levels of inflammatory markers in the patient presented here. The cardiac biomarkers, hs Troponin I and NT pro-BNP, elevated in the patient presented here, have also been suggested as valuable serum biomarkers for early prediction of RIHD in patients with breast cancer (25, 26). Therefore, these markers have been suggested as available and easy methods to be used for the early screening of patients after RT (27). However, there is a lack of evidence-based literature for screening the presence and intensity of cardiac damage (28).

Abnormalities observed on ECG, such as arrhythmia, ST segment depression, and conduction block, can help diagnosis, but are not always present, and multimodality imaging techniques are suggested to be used for accurate diagnosis (29). Our patient also demonstrated an increased rate of PVCs on 24-h Holter ECG monitoring. Another issue concerning diagnosis is that the RT-induced myocardial fibrosis is mainly silent, and half of the cases that develop myocardial perfusion defects have no clinical signs and symptoms, sometimes found incidentally by TTE (11). In the case presented here, the patient had no clinical signs but showed reduced LV EF compared with that before mastectomy. However, our patient was a known case of CVD, and thus cardiac examination was performed for the patient, while diagnosis may be missed in patients with the late occurrence of cardiac damage, which includes most of the cases (30). One of the novelties of the case presented here is the occurrence of myocardial damage shortly after RT.

Although ECG and TTE are suggested as the preferred tools used for the assessment of the cardiovascular damage induced by RT, they may not be sensitive for the detection of myocardial fibrosis (27). Accordingly, CMR has been recommended for reflection of global and regional function, such as myocardial function and diagnosis of fibrosis (31). As STE has also been suggested as an appropriate tool for early diagnosis of RT-induced LV dysfunction (32), in the present study, we examined the myocardial strain using both CMR and STE, which helped the physician achieve the final diagnosis for the patient. The histopathological examination (and direct observation of myocardial cell degeneration) could have resulted in a definite diagnosis (31), not performed in our patient because of the lack of patient's consent.

The general therapeutic strategies suggested for RT-induced myocardial injury include antioxidants and anti-inflammatory agents, statins, and angiotensin-converting enzyme inhibitors; however, the treatment strategy is mainly selected individually based on the identified myocardial pathology and underlying diseases (33). In our case, the prescription of beta-blockers, mineralo recetore antagonist (MRA), furosemide, rosuvastatin, and low-dose oral steroid therapy resulted in clinical stability of the patient without changes in cardiac function (LV EF = 33%). Because of the lack of evidence on the best therapeutic approach in patients with acute myocarditis following RT, more studies are required to determine the best therapeutic approach for such patients.



Conclusion

The case presented here suggested the necessity of detailed examination of patients after radiotherapy, not only for chronic occurrence of cardiomyopathy but also for the early occurrence of acute myocarditis. The three layers of the endocardium, myocardium, and epicardium can be affected by the RT, both at early and late phases. It has to be kept in mind that RIHD can also occur in the early phase, resulting in acute diseases, which can be of great significance. Therefore, it is suggested to pay greater attention to the risk factors of RIHD that can help the physician in the identification of patients with a higher risk. Also, the literature suggests that the available screening methods, such as serum tests, ECG, and TTE, can help with the diagnosis in some cases. However, the screening methods cannot result in a definite diagnosis. Here, we showed that STE and CMR could accurately diagnose LV dysfunction and myocarditis in a patient. However, further studies are required to determine the diagnostic accuracy of these two imaging methods compared with other imaging modalities in such patients in order to determine the best diagnostic tool for these patients. Also, the follow-up examination of the patient showed the appropriateness of the treatment strategy used for this patient, while there are no specific guidelines for the most appropriate treatment approach for such patients, and more studies are required in this regard.
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Background: Recently, the survival rate of patients with cancer has improved annually due to advancements in cancer diagnosis and treatment technologies. Meanwhile, late-onset complications associated with cancer treatment significantly affect survival and quality of life. However, different from pediatric cancer survivors, there is no unified view on the follow-up of late complications in elderly cancer survivors. We reported a case of congestive heart failure as a late-onset complication of doxorubicin (DXR) in an elderly cancer survivor.



Case report: The patient is an 80-year-old woman with hypertension and chronic renal failure. She received six cycles of chemotherapy for Hodgkin's lymphoma that started in January 201X-2. The total dose of DXR was 300 mg/m2, and a transthoracic echocardiogram (TTE) performed in October 201X-2, showed good left ventricular wall motion (LVWM). In April 201X, she suddenly developed dyspnea. Upon arrival at the hospital, a physical examination revealed orthopnea, tachycardia, and leg edema. A chest radiograph showed cardiac enlargement and pleural effusion. A TTE showed diffusely reduced LVWM and a left ventricular ejection fraction in the 20% range. After close examination, the patient was diagnosed with congestive heart failure due to late-onset DXR-induced cardiomyopathy.



Conclusion: Late-onset DXR-induced cardiotoxicity is considered high-risk from 250 mg/m2 or higher. Elderly cancer survivors are at higher risk of cardiotoxicity than non-elderly cancer survivors and may require closer follow-up.
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1. Introduction

Recently, advancements in cancer diagnosis and treatment techniques have improved the survival rate of patients with cancer, including those with Hodgkin's lymphoma, annually (1, 2). On the other hand, late-onset complications associated with cancer treatment significantly affect survival and quality of life (3). In particular, doxorubicin (DXR) cardiotoxicity, which affects survival, is speculated to impair DXR-induced mitochondrial function, ultimately leading to cardiomyocyte death, and correlates with cumulative DXR dosage (4). The incidence of DXR-induced congestive heart failure is as high as 16% when the cumulative dose of DXR exceeds 500 mg/m2 and is a critical problem for patients receiving DXR (5). Therefore, the Japanese DXR's package insert includes a dose limit of up to 500 mg/m2 of cumulative dosage. However, since a history of radiation therapy to the heart and long-term survival after DXR administration are risks for the development of DXR cardiotoxicity, the European Society of Cardiology guidelines recommend risk-based monitoring such as echocardiography and troponin I (TnI) for pediatric cancer survivors with risk factors, even if the cumulative dose of DXR is lower than 500 mg/m2 (6–8). Furthermore, the efficacy of dexrazoxane as prophylaxis for DXR cardiotoxicity has been reported, but effective treatment for DXR cardiotoxicity remains unclear (9, 10). Thus, late-onset complications are considered a problem in oncology for children, adolescents and young adults, and adults, and guidelines have been developed for cancer survivors, including methods for long-term follow-up (6, 11–14). However, there is no unified view on late complications in elderly cancer survivors, who are at risk of cardiac complications, and most of the survivors remain unrecognized. In this study, we reported a case of congestive heart failure as a late-onset complication of DXR in an elderly Hodgkin's lymphoma survivor.



2. Case description

The patient was an 80-year-old woman with coexisting hypertension, dyslipidemia, and chronic renal failure (CRF). She routinely took enalapril 5 mg once per day and atorvastatin 10 mg once per day. She had no smoking history and no family history of cardiac disease. A transthoracic echocardiogram (TTE) performed in December 201X-3, showed a left ventricular (LV) ejection fraction (LVEF) of 63.4%. She received six cycles of DXR, bleomycin, vinblastine, and dacarbazine (ABVD) for Hodgkin's lymphoma (Lugano classification, stage III) that started in January 201X-2. The total dose of DXR was 300 mg/m2, and a TTE performed on October, 201X-2, showed good LV wall motion (LVEF, 65.4%) and no evidence of heart failure. Subsequently, the patient did not experience any recurrence of Hodgkin's lymphoma. In April 201X, the patient suddenly developed dyspnea and was rushed to the emergency room. Upon arrival at the hospital, a physical examination revealed the following: body temperature, 36.9°C; heart rate, 144 beats/min; blood pressure, 160/114 mmHg; respiratory rate, 25 breaths/minute; and oxygen saturation, 98% (under 5 L of oxygen administration). The patient's consciousness was also impaired [Glasgow Coma Scale score, 13 (E3V4M6); Japan Coma Scale score, 10], and her eyelid and conjunctiva were pale. The patient had no heart murmur and no chest pain, but she had mild wheezing, orthopnea, and bilateral leg pitting edema. Blood test results (Table 1) revealed markedly elevated B-type natriuretic peptide (BNP) (1,155 pg/ml) level and slightly increased TnI level (0.08 ng/ml). The patient's hemoglobin (Hb) A1c, free thyroxine, and D-dimer levels were within the normal ranges. The patient also showed decreased Hb level (8.7 g/dl) and increased serum creatinine level (1.48 mg/dl), but these two values had not changed over time for more than a year. An electrocardiogram (ECG) showed sinus tachycardia (Supplementary Figure S1). A chest radiograph showed an enlarged heart and pleural effusion. A TTE showed a diffusely reduced LV wall motion and an LVEF of 21.6% (Figure 1). The patient was diagnosed with clinical scenario 1 acute heart failure (15) and underwent close examination and treatment in the intensive care unit. Thallium-201 myocardial perfusion scintigraphy showed transient ischemic dilatation and old myocardial infarction (OMI) of the left circumflex artery. LV perfusion, LV wall motion, and LV end-diastolic volume results were consistent with tachycardia-induced cardiomyopathy (Figure 2, Supplementary Figure S2). No chest symptoms or significant ECG changes appeared at the time of loading. Since the patient had no evidence of progressive anemia, exacerbation of chronic renal failure, arrhythmia, or acute coronary syndrome and the cumulative dose of DXR was 300 mg/m2, the patient was diagnosed with congestive heart failure due to late-onset DXR-induced cardiomyopathy.


[image: Figure 1]
FIGURE 1
Transthoracic echocardiogram findings at the emergency department visit. LVDd, left ventricular internal dimension in diastole; LVDs, left ventricular internal dimensions in systole; FS, fractional shortening; LAD, left atrial dimension; AoD, aortic root diameter; IVC, inferior vena cava; TR-PG, tricuspid regurgitation peak gradient; ECG, electrocardiogram; EF, ejection fraction; LV, left ventricle; E/A, early-to-late transmitral velocity; DcT, deceleration time; AR, aortic regurgitation; MR, mitral regurgitation; TR, tricuspid regurgitation; PR, pulmonary regurgitation; SH, severe hypokinesis.
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FIGURE 2
Thallium-201 myocardial perfusion: transient ischemic dilatation and old myocardial infarction of the left circumflex artery.



TABLE 1 Patient's laboratory results at the emergency room.

[image: Table 1]



3. Clinical course of treatment

We administered furosemide (1 mg/h) and nitroglycerin (2 mg/h) in the hyperacute phase and added bisoprolol (2.5 mg/day) in the early phase. After the patient's congestive heart failure improved, we continued bisoprolol and added spironolactone (50 mg/day) and azosemide (60 mg/day). After treatment, symptoms, such as leg edema, tachycardia, and orthopnea, disappeared, BNP level decreased to 75.7 pg/ml, and the patient's LVEF improved to 51.2% on TTE in September 201X (Figure 3).


[image: Figure 3]
FIGURE 3
The clinical course of congestive heart failure.




4. Discussion

We presented a case of an elderly cancer survivor with late-onset DXR-induced heart failure, whose cardiac function improved with therapeutic intervention.

DXR is a key drug in Hodgkin's and non-Hodgkin's lymphomas and breast and endometrial cancers (16–19). A previous study demonstrated that the 6-year overall survival rate for previously untreated patients with stage III or IV classic Hodgkin lymphoma was 89.4% in the ABVD group (16). Another study reported a 5-year survival rate of 86%–90% for adjuvant chemotherapy containing DXR for recurrent high-risk breast cancer (18).

Pediatric cancer survivors who receive anthracyclines, including DXR, have a persistent risk of developing cardiovascular disease over time. However, the risk of cancer recurrence decreases over time (20, 21). This trend is also evident in adult patients with Hodgkin's lymphoma and breast cancer (22). Patients with breast cancer, even the elderly, reported more deaths from cardiovascular disease than breast cancer 10 years after diagnosis (23).

One potential mechanism for this persistent DXR cardiotoxicity is that DXR accumulates in the mitochondria of cardiomyocytes (24). Accumulated DXR increases the concentration of iron in the mitochondria and produces reactive oxygen species (ROS). ROS may cause myocardial damage, which is a possible reason why the iron chelator dexrazoxane is effective in protecting against DXR-induced myocardial damage (9, 25). Furthermore, topoisomerase IIβ expressed in the myocardium is a key molecular mediator of DXR-induced cardiotoxicity and is thought to impair myocardial repair and irreversibly reduce cardiac function (26–28). Other mechanisms associated with DXR cardiotoxicity include calcium hemostasis imbalance inducing DNA damage and disruption of the neuroglial/ErbB signaling pathway resulting in apoptosis and mitochondrial dysfunction (4). There were recent reports of an association between cardiac syndrome X and DXR-induced endothelial cell damage (29). DXR-induced endothelial cell damage triggers the onset and progression of cardiomyopathy by reducing the release and activity of critical endothelial factors and inducing endothelial cell death. That may be an important mechanism for microvascular angina development in young patients without risk factors or comorbid conditions. The present case was out of the characteristics of DXR-induced cardiac syndrome X due to the presence of OMI, hypertension, and CRF, as well as the patient's advanced age.

DXR-induced cardiotoxicity is dose-dependent, with LV dysfunction occurring in 3%–5% of patients at a cumulative dose of 400 mg/m2 compared to 7%–26% at a dose of 550 mg/m2 (28, 30). Therefore, the Japanese package insert states that the cumulative dose of DXR should be up to 500 mg/m2, but for late cardiotoxicity, DXR has a higher risk starting at 250 mg/m2 or higher (6, 31). The risk of cardiovascular disease would be higher in DXR-treated patients aged over 65 years compared to those aged under 65 years (5, 6). In addition, the average life expectancies for Japanese women are 15.6 years at age 75 years and 11.4 years at age 80 years, and follow-up for late complications is necessary even in elderly patients (32). Therefore, elderly patients receiving DXR should be followed up more closely than non-elderly patients, paying attention to late complications. The patient in this case report also received ABVD regimen for Hodgkin's lymphoma at age 78 years, with a cumulative dose of 300 mg/m2. Therefore, the risk of late-onset DXR-induced heart failure is high, and close follow-up is necessary.

Although DXR-induced cardiotoxicity is generally considered irreversible, there have been reports of improved cardiac function with early therapeutic interventions with β-blockers, angiotensin-converting enzyme inhibitors, angiotensin receptor blockers, and diuretics (28, 33–35). In the present case, early diuretic and β-blockers administration improved cardiac function with the improvement of sinus tachycardia and reduction of cardiothoracic ratio associated with congestive heart failure (Figure 3, Supplementary Figure S1). Thus, the early diagnosis and treatment of late-onset DXR-induced heart failure may have effectively improved patients' outcomes.

Recently, there have been reports on the prediction of the risk of developing DXR-induced cardiovascular disease based on genes and the value of global longitudinal strain and TnI for the early detection of DXR-induced cardiotoxicity (36, 37).

In conclusion, elderly cancer survivors with an estimated life expectancy of 5–10 years or more are at higher risk of cardiovascular disease and other late complications than non-elderly cancer survivors. Therefore, elderly cancer survivors with a history of DXR treatment may benefit from closer follow-up with BNP and TnI testing and early detection and treatment of DXR-induced heart failure.
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Background: Primary cardiac tumors are very rare, and about 20–30% of them are malignant tumors. Since early signs of cardiac tumors are non-specific, diagnosis can be challenging. There is a lack of the recommended guidelines or standardized strategies for diagnosis and optimal treatment for this disease. As the definite diagnoses of most tumors are made by pathologic confirmation, biopsied tissue is essential in determining the treatment for patients with cardiac tumors. Recently, intracardiac echocardiography (ICE) has been introduced to assist biopsy procedures of cardiac tumors and it provides high-quality imaging.



Case Description: Due to its low prevalence and variable presentation, cardiac malignant tumors usually are easily missed. Hereby, we report three cases of patients who presented with non-specific signs of cardiac disorder and was initially suspended diagnosis as lung infection or cancer. Under the guidance of ICE, cardiac biopsies were successfully on cardiac masses, giving critical data for diagnosis and treatment planning. No procedural complications were obtained in our cases. These cases are intended to highlight the clinical value and importance of ICE-guided biopsy of intracardiac mass.



Conclusions: The diagnosis of primary cardiac tumors relies on the histopathological results. In our experience, using ICE for biopsy of an intracardiac mass is an attractive tool to increase diagnostic results and reduce the risk of cardiac complications associated with inadequate targeting of the biopsy catheters.
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Introduction

Primary cardiac tumors are extremely uncommon, and the majority of them are benign. It was reported that the prevalence of primary cardiac tumors is between 0.001 to 0.28% in autopsy series (1). About 40% of malignant tumors are angiosarcomas, which make up the majority of sarcomas. Cardiac angiosarcomas are a rare group of soft tissue sarcomas, characterized by aggressive local growth and early spread. The majority develop in the right atrium, and can inﬁltrate into neighboring structures and spread distantly (2). Another uncommon hemangioma that develops from pre-endothelial or vascular endothelial cells is cardiac epithelioid hemangioendothelioma (EHE). Its biological behavior is between benign hemangioma and malignant angiosarcoma, and it has local invasiveness and metastatic potential (3). It is difficult to diagnosis due to the initial nonspecific symptoms.

Multimodality imaging and atrial biopsy of a cardiac mass should be performed early as a diagnostic approach (4). Although cardiac biopsy is not a common procedure, tissue diagnosis is crucial for the treatment strategy because the prognosis of cardiac tumors varies greatly depending on the underlying disease. In a patient suspected of having a malignant cardiac tumor who does not have access to curative surgical treatment, histopathological confirmation is a necessary option next to treatment approach. Several methods have been used to replace thoracotomy such as transvenous biopsy, ultrasound-guided transesophageal biopsy and transthoracic biopsy guided by ultrasonography or CT. Intracardiac echocardiography (ICE) is ideally suited to imaging structures in the right heart (5). Although it needs local anesthesia and venous puncture with relatively large catheter, it can provide us a good guidance during the biopsy of cardiac tumors.

Until now, only a few case studies have demonstrated the use of ICE in directing biopsy of cardiac tumor (6–8). Here, we present three cases of right atrium masses treated by biopsy of cardiac masses under ICE guidance. Our cases demonstrated the difficulty in diagnosing cardiac masses due to initial nonspecific symptoms such as dyspnea and shortness of breath. They also highlighted the importance of multimodality imaging and ICE guided atrial biopsy in the early diagnosis of rare cardiac tumors. We hope to provide practical evidence for the use of ICE guided biopsy in the diagnosis of suspected intracardiac mass.



Case presentation

We herein show three cases of ICE-guidance for biopsy of cardiac masses being used to diagnose cardiac tumor. This study was approved by our institutional review board.



Case 1

A 70-year-old man presented with progressive dyspnea and weakness for one month. His physical examination, including the cardiovascular examination, was unremarkable. He had low-grade pyrexia of 37.8°C, with no cough and sputum. Oxygen saturations were 97% on room air. Blood tests showed normocytic anemia (90 g/L), elevated C-reactive protein (CRP) (33.4 mg/L), leucocyte count (12.7 × 109/L), pro-Brain natriuretic peptide level 406 pg/ml, D-dimer of 9840 ug/L, and tumor marker CA125 (312.1 U/ml). Chest X-ray (Figure 1A) and computed tomography (Figures 1B,C) revealed striking extensive pulmonary lesions, a large soft tissue mass in the right atrium (RA), and pleural effusion. He had persistent bilateral bloody pleural fluid. Thoracentesis removed bloody exudative fluid without malignant cells. Superficial lymph nodes ultrasonography revealed left subclavian lymphadenopathy. Pathological results of lung biopsy and lymph nodes were nondiagnostic. Contrast-enhanced CT showed a hypodense oval filling contrast defect at the right atrium (RA) (Figure 1D) 18F-fluorodeoxyglucose positron emission tomography/CT revealed focal uptake in the RA mass (with SUVmax of 5.8), and scattered uptake in lung and pleura metastatic (Figure 1E). Echocardiogram showed a large mass (22 × 41 mm) in the RA invading the superior vena cava (Figure 1F). Ultrasonographical guided right atrial biopsy was performed. An 11F sheath containing an intracardiac ultrasonography catheter (Biosense Webster, Johnson & Johnson, USA) was inserted into the right atrium through the right femoral vein while under local anesthesia with 1% lidocaine. By crossing the tricuspid annulus, the mass' size and extent could be clearly seen. Under the guidance of ICE, a cardiac biopsy forceps (Argon, USA) was inserted into the right atrium via the right internal jugular vein and clamped atrial tissue. The RA mass was visualized and five biopsies were performed (Figure 2A,B, Supplementary Appendix Video S1-2). Of those samples, 3 were mixtures of necrotic myocardium, and 2 were diagnostic for EHE. Histopathology results (Figures 2C–F) revealed a spindle cell tumor, staining with CD34, CD31, and ERG expression, confirming the diagnosis of cardiac epithelioid hemangioendothelioma (EHE). A multidisciplinary team (oncologists, cardiologists, and respiratory doctors) evaluated this patient and recommended chemotherapy and targeted therapy with no mass resection. Unfortunately, the patient's condition deteriorated quickly due to aggressive pulmonary lesions (Figures 2G–I), and he had severe dyspnea. The patient made the decision to receive hospice care.


[image: Figure 1]
FIGURE 1
Chest computed tomography demonstrated cardiac mass of Case1. (A) Chest x-ray and Chest CT images in axial (B) and coronal planes (C) showed remarkable extensive pulmonary lesions. (D) Contrast-enhanced CT showed a hypodense oval filling contrast defect (arrow) at the right atrium (RA). (E) 18F-fluorodeoxyglucose positron emission tomography/CT (18F-FDG PET/CT) showed more uptake in the RA mass (arrow), lung, and pleura. (F) Echocardiography depicted an oval-shaped mass (22 × 41 mm) (arrow) in the RA at the level of the superior vena cava ostium.
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FIGURE 2
Histological endomyocardial biopsy specimen of the right atrium and lung rapid deterioration of Case1. (A) Catheter for intracardiac echocardiography (arrowhead) and cardiac bioptome (arrow). (B) The intracardial echocardiography demonstrates the mass of the right atrium and well-targeted biopsy catheter (arrow) on the mass. (C–F) The representative histologic aspect of the mass. Immunohistochemical staining for CD31(C), CD34 (D), and ERG (E) marker in cytoplasmic. (F) Cells displaying epithelioid morphology, large nuclei, and ample cytoplasm (hematoxylin and eosin). (Original magnification 40X). (G,H) Axial and coronal contrast-enhanced CT scans showed rapid progression of lung metastases, and (I) recurrent bloody pleural effusion one month after hospitalization. The arrow indicates progressive RA mass.




Case 2

A 50-year-old woman, who had been experiencing shortness of breath and chest tightness for four months, was admitted to a nearby hospital. A chest computed tomography (CT) revealed enlarged heart with pericardial effusion as well as multiple lesions in lungs with suspected infection. CT-guided needle biopsy of pulmonary lesions was performed. Only heterozygous cells were found in the necrosis, and the pathological findings of the lung biopsy were unremarkable. After a few days, the patient gradually felt dyspnea and weakness. She was transferred to our cardiology department for a conclusive diagnosis. Blood testing showed high level of the C-reactive protein (CRP) (16.6 mg/L), pro-Brain natriuretic peptide level of 224 pg/mL, D-dimer of 2050 ug/L, and tumor marker CA125 (60.1 U/ml). Her chest x-ray (Figures 3A,B) and chest CT (Figures 3C,D) revealed multiple lung lesions. Enhanced chest CT showed an oval hypodense contrast filling defect in the right atrium wall. The size is about 55mm × 28mm × 36 mm (Figure 3E). Transthoracic echocardiography (Figure 4A) and contrast-enhanced Cardiac magnetic resonance (CMR) imaging (Figure 4B) confirmed a large irregular mass (55.2 × 38.1 × 33.9 mm) in the right atrium (RA) invading the superior vena cava. We suspected that this was a cardiac malignant tumor with extensive lung metastases, and then performed an ICE-guided right atrial biopsy (Figures 4C,D, Supplementary Appendix Videos S3-4). Histopathological results (Figure 4E) confirmed the diagnosis of cardiac angiosarcoma, with spindle tumor cells staining positively for CD34, CD31, Fli-1, and ERG, with ki-67 proliferation index reached 60%. After being transferred to the oncology unit, this patient was advised to undergo chemotherapy and targeted therapy without having a mass removed. The patient was treated with chemotherapy (Paclitaxel 207 mg/m2 day1, liposomal doxorubicin 30 mg/m2 day1, and Anlotinib day1–14 for targeted therapy). After 5 courses of chemotherapy, the lateral wall of the right atrium has no occupied, and the number of lung metastases was less than before (Figures 3F–H).
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FIGURE 3
Comparison of lung metastases and cardiac mass before and after chemotherapy of Case2. (A,B) Frontal and lateral Chest x-ray demonstrated extensive pulmonary lesions. (C) Chest CT at coronal view and (D) axial view revealed severe lung metastases. (E) Contrast-enhanced Chest CT reveals a mass lesion (arrow) along the superior and posterior right atrial wall without enhancement. After 5 courses of chemotherapy, the number of lung metastases (F,G) was less than before (C,D), and the lateral wall of the RA (H) has no occupied (arrow) compared to earlier (E).
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FIGURE 4
Multimodality images and intracardiac echocardiography-guided biopsy of cardiac tumors of Case2. (A) Transthoracic echocardiography showed a huge mass lesion in the RA. (B) Cardiac enhanced-MRI revealed a large irregular mass (55.2 × 38.1 × 33.9 mm) with a rounded appearance in the RA and connected with the right atrium. (C) Catheter for intracardiac echocardiography (arrowhead) and cardiac bioptome(arrow). (D) The intracardial echocardiography demonstrates thickness mass of the right atrium and well-targeted biopsy catheter (arrow) on the mass. (E) Histopathological diagnosis revealed cardiac angiosarcoma, with spindle tumor cells.




Case3

A 62-year-old man was transferred from local hospital to our cardiology department for chest tightness and recurrent pericardial effusion for two months. More than two months ago, the patient experienced chest tightness. When the patient went to the local hospital's emergency room, chest CT showed enlarged cardiac shadow and massive pericardial effusion with interstitial pulmonary edema in the lower lobe of right lung.

Pericardiocentesis was used to treat his bloody pericardial effusion and drain it. In order to treat the symptoms, diuretics and antihypertensives were given. After one month, the patient once more experienced a significant increase in pericardial effusion along with obvious chest tightness. The patient then went to the emergency department for pericardial effusion drainage. Unexpectedly, his chest tightness and dyspnea immediately got worse. He was admitted to our hospital for further diagnosis. A second pericardiocentesis was carried out, producing 900 ml of bloody fluid in total. Blood tests performed shortly after admission revealed high levels of the C-reactive protein (CRP) (25.4 mg/L), pro-Brain natriuretic peptide (660 pg/ml), D-dimer (3,560 ug/L), and tumor marker CA125 (87 U/ml). Echocardiography showed a hyperechoic mass at the right ventricle lateral wall junction (Figure 5A). Enhanced-CMR and chest CT clearly confirmed that a mass (38mm × 23 mm) was located at the junction of the right atrium and ventricle and had a modest amount of pericardial effusion (Figures 5B,C). Pathological analysis of the pericardial effusion revealed sporadic mesothelial cells and inflammatory cells but no tumor cells. For further diagnosis, we carried out an atrial biopsy under the guidance of the ICE (Supplementary Appendix Videos S5–6). The biopsy technique was the same as above without complications (Figure 5D,E). This result revealed small vascular lumen formed by single cell (Figure 5F). and considered as an intermediate or low-grade malignant vascular tumor with positive CD34, CD31, Fli-1, and ERG expression, confirming the diagnosis of cardiac epithelioid hemangioendothelioma (EHE). With the pericardial effusion's rapid progression and significant dyspnea, the patient eventually discontinued getting treatment.
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FIGURE 5
Multiple investigations for diagnosis of Case3. (A) Transthoracic echocardiography showed cardiac mass lesion (arrow) in the RA. (B) Chest enhanced CT, and (C) Cardiac enhanced-MRI revealed a large mass (arrow) at the junction of the RA and RV. (D) Catheter for intracardiac echocardiography (arrowhead) and cardiac bioptome (arrow). (E) The intracardial echocardiography demonstrates well-targeted biopsy catheter (arrow) on the mass. (F) Histopathological imaging revealed small vascular lumen formed by single cell, and cardiac epithelioid hemangioendothelioma (EHE) was diagnosed.


All procedures performed in this study were in accordance with the ethical standards of the institutional and/or national research committee(s) and with the Helsinki Declaration (as revised in 2013). Written informed consent was obtained from the patient for publication of these case reports and accompanying images.



Discussion

Primary cardiac tumors are rare, with incidences ranging from 0.001% to 0.030% at autopsy series (9). Among them only 20% are malignant. The malignant primary cardiac tumors are extremely uncommon, whereas metastatic cardiac tumors occur more frequently. Due to the nonspecific nature of the initial symptoms, diagnosis is frequently challenging and delayed (10).

Cardiac angiosarcoma is an uncommon subset of soft tissue sarcomas, and because of its aggressiveness, high rates of local recurrence, and systemic metastases, it is linked to a poor prognosis (11). Because the earliest symptoms of cardiac angiosarcoma are vague and associated with massive pulmonary metastases, our cases illustrated how challenging it is to diagnose this type of cardiac tumor. It implies in the prognosis that more than 50% of these individuals have metastases at the time of diagnosis (12). There is presently no established treatment strategy for this rare condition. When localized, surgery appears to lead to the best outcomes, but this can be technically challenging and not always feasible. Furthermore, some individuals may not be candidates for surgery due to the disease's rapid progression. Cardiac epithelioid hemangioendothelioma (EHE) is a malignant vascular neoplasm, characterized by significant heterogeneity in both clinical presentation and prognosis. Its biological behavior is between benign hemangioma and malignant angiosarcoma, and it has local invasiveness and metastatic potential (13). Metastases and mortality can occur in about 25% and 15% of EHE, respectively (14). Because of its low prevalence and inconsistent presentation, cardiac EHE is frequently overlook.

However, the conclusive diagnosis and gold standard are cytology and immunohistochemistry. Open heart surgery, mediastinoscopy, and metastatic mass exploration are more invasive methods that require general anesthesia. Percutaneous transvenous biopsy of cardiac tumor can be done under the guidance of transesophageal echocardiography (TEE). But for this treatment, general anesthesia is also required. Given these tumors are often located in higher risk areas for perforation (atrial or right ventricular free wall), fluoroscopy alone is insufficient for bioptome guidance, and an additional imaging modality is required to guide the procedure. The use of intracardiac echocardiography (ICE) in cardiac procedures has continuously increased since it was first brought into clinical practice many years ago (15).

Currently, ICE is used for more than just electrophysiologic procedures, transcatheter aortic valve insertion, and percutaneous device closures (16). The operator can adjust the catheter for the position, orientation and angle to acquire the optimal views. Without the use of general anesthesia, ICE can give us clearer cardiac imaging, and it is more practical and patient-friendly (17). ICE can reduce fluoroscopy times, resulting in less radiation exposure and procedural duration. The ICE differs from a CT and an MRI since it uses real-time imaging while being performed.

In this report, we showed the feasibility of the ICE during targeting of the biopsy catheter, and confirmed that use of ICE guided diagnostic myocardial biopsy is safe and accurate for tissue localization. The patients underwent cardiac biopsies without any complications. It can be used for the biopsy of the mass from right-side of the heart, especially in patients with high risk for anesthesia. The experiences for the left heart biopsy will be improved in the future when this approach is combined with trans-septal puncture and intracoronary sinus ICE (18). The conventional chemotherapeutic drugs paclitaxel, docetaxel, and doxorubicin are still in use today. Additionally, angiogenesis inhibitors, such as bevacizumab, sunitinib, and sorafenib, have been used to prevent the proliferation of endothelial cells. There are some studies showed many of these metastatic patients die within a few months after diagnosis (19, 20). Therefore, we must understand how crucial early diagnosis is for cardiac tumors.

However, there have been several technical challenges or limitations in the cardiac biopsy. The fluoroscopy provides very limited information in spatial information. As a result, ensuring precise location and depth in sample acquisition is insufficient. Image temporal resolution is also required because heart beats, respiration and blood flow can all affect target movement. As the wall thickness varies, the operator should be cautious of perforation (especially in left atrium). It is currently used less frequently in left atrial masses and can be combined with other more refined techniques.



Conclusions

In our cases, heart tumors present with the patient's initial nonspecific symptoms. Multiple investigations should be carried out early on in these patients, and diagnoses must be systematically taken into account. Additionally, ICE-guided atrial biopsies are a reliable and efficient diagnostic technique.
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Case report: Non-thrombotic iliac vein lesion: an unusual cause of unilateral leg swelling in a patient with endometrial carcinoma
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81-year-old female presented with subacute right lower extremity edema due to iliac vein compression by a markedly enlarged external iliac lymph node later identified as newly relapsed metastatic endometrial carcinoma. The patient underwent a full evaluation of the iliac vein lesion and cancer and had an intravenous stent placed with complete resolution of symptoms post-procedure.
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History of presentation and medical history

An 81-year-old Caucasian female with a history of stage IB high-grade undifferentiated endometrial carcinoma diagnosed 2 years prior and paroxysmal atrial fibrillation (AF) on anticoagulation presented with a two-week history of right leg swelling (Table 1). The edema extended to her knee and was not relieved by conservative measures, including compression stockings. Of note, the patient's endometrial carcinoma was initially treated with hysterectomy, bilateral salpingo-oophorectomy, vaginal brachytherapy, and 6 cycles of chemotherapy with Carboplatin and Paclitaxel. The patient had since been in remission. Her family history was significant for breast cancer and dementia in her mother, atrial fibrillation (AF) and leukemia in her father, and unspecified cancer in her brother. The patient had multiple risk factors for AF—family history of AF, sedentary lifestyle, obesity, hypertension, left atrial enlargement, and previous exposure to carboplatin. She had no significant smoking, alcohol, or illicit drug history. She retired from accounting 20 years ago.


TABLE 1 Timeline of the events.
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Learning objectives


	•To broaden the differential diagnosis of unilateral peripheral edema in a patient with a history of cancer.

	•To understand the comprehensive evaluation and treatment of NIVL.





Differential diagnosis

The differential diagnosis of unilateral leg edema includes deep vein thrombosis, cellulitis, Baker's cyst, lower extremity trauma, lymphedema, venous insufficiency, and May-Thurner syndrome.



Investigations

The first step in the patient's diagnostic work-up was a venous Duplex ultrasound test of the right lower extremity, which revealed marked right external iliac vein narrowing with abnormal Doppler waveforms, suggestive of a hemodynamically significant obstructive lesion secondary to external compression. A transthoracic echocardiogram revealed normal left ventricular size and systolic function, mild left atrial dilation, grade 1 diastolic dysfunction, moderate mitral regurgitation, and an elevated estimated right atrial pressure based on the dilated inferior vena cava. To measure the intracardiac pressures, rule out pulmonary hypertension, and better characterize the iliac vein stenosis, the patient underwent right heart catheterization (RHC) with iliac venography. The iliac venogram revealed severe stenosis of the right external iliac vein (Figure 1A), while RHC showed normal intracardiac pressures (normal RAP, mean PAP, and PCWP).


[image: Figure 1]
FIGURE 1
Initial venography, CT and PET imaging of the right external iliac vein. (A). Iliac venography demonstrating severe stenosis of right external iliac vein. (B). CT abdomen pelvis revealing right external iliac lymphadenopathy (LAD), measuring 2.5 × 3.2 × 2.7 cm, marked by blue arrow. (C). CT abdomen pelvis demonstrating severe right sided hydronephrosis due toR ureteral external compression by mass burden, marked by blue arrow. (D, E). PET scan redemonstrating R external iliac LAD.


Given her history of endometrial carcinoma, the possibility of extrinsic compression of the iliac vein by tumor was considered. Thus, a computed tomography (CT) scan of the abdomen/pelvis with and without intravenous (IV) contrast was obtained. The results indicated a markedly enlarged and necrotic right external iliac lymph node (2.5 × 3.2 × 2.7 cm) which was causing external compression of, and likely invading, the right iliac vein (Figure 1B). Significant compression of the right ureter associated with severe right-sided hydronephrosis (Figure 1C) and right pelvic sidewall lymphadenopathy were seen as well. Next, a full-body PET scan was ordered for staging purposes, demonstrating metabolic activity in the right external iliac lymph node and an area of increased activity in the left adrenal gland (Figures 1D, E). After a multidisciplinary discussion, the patient was offered an endovascular intervention of the iliac vein with stenting to improve her refractory right lower extremity edema.



Management

Since there was a high probability of cancer invading the vessel wall and the right ureter, a decision was made for palliative endovascular stent placement to provide symptomatic relief and to avoid the risks of an open surgical approach, including intra-operative and post-operative bleeding. The patient was taken to the cardiac catheterization laboratory, where an intravascular ultrasound (IVUS) was performed to visualize the lesion and to measure the lesion length and the reference diameter for choosing the correct size of the stent. After the lesion was crossed with a 0.035 angled glide guide wire, the patient underwent right external iliac vein balloon angioplasty followed by the successful placement of a VICI 14 × 90 mm stent, VENITI, INC., Fremont, CA. Post-dilation was done with a 10 × 60 mm balloon at 8 atmospheres and a 14 × 60 mm balloon at 4 atmospheres. The follow-up IVUS showed a re-canalized iliac vein with normal venous flow and 100 mm2 of luminal gain at the previously occluded point. The re-canalization was additionally re-demonstrated on an abdominal/pelvic CT scan (Figures 2A, B).


[image: Figure 2]
FIGURE 2
Post-procedural imaging of the stented right external iliac vein. (A). Iliac venography status post IVUS-guided visualization and right external iliac vein balloon-angioplasty with successful placement of VICI 14 × 90 mm stent and resultant patency. (B). CT abdomen pelvis demonstrating presence of stent within the R external iliac vein prior to abdominal debulking procedure.




Follow-up

The patient's right lower extremity edema completely resolved after the intervention. The patient was started on aspirin 81 mg daily for three months to prevent stent thrombosis and allow its endothelization. A few weeks later, the patient underwent laparoscopy with retroperitoneal lymph node biopsy and tumor debulking. The surgeon released the ureteral compression but was unable to remove the obstructing lymph node, as it was invading the iliac vein wall with a high risk of bleeding. The patient was followed by interventional cardiology every six months with Doppler imaging, with vein patency noted during two years of follow-up.



Discussion

The development of lower extremity edema, as other types of edema, occurs by three main mechanisms, all of which are caused by fluid shifts from the intravascular to the interstitial space: an increase in intravascular hydrostatic pressure, a decrease in hydrostatic oncotic pressure or increased capillary permeability. The diagnostic work-up for leg swelling depends on the time of onset and its laterality. As seen in this patient, the development of an acute or subacute unilateral lower extremity edema can occur over the span of hours or weeks, and the differential diagnosis includes deep vein thrombosis (DVT), musculoskeletal injury, ruptured popliteal cyst, or venous compression (1). Patients with cancer have a high risk of developing venous thromboembolism (VTE) for several reasons: cancer is associated with high a pro-inflammatory and hypercoagulable state, tumor mass can cause venous external compression, and certain anticancer drugs can increase the risk of VTE. Anticancer drugs that have been reported to increase VTE risk include Thalidomide, Lenalidomide, and Bevacizumab (2). These medications are linked to an increased risk of VTE including DVT and arterial events (2). Thalidomide, particularly when used with dexamethasone, has been associated with up to 28% DVT rates, with additional risk factors including combined use with Doxorubicin, newly diagnosed disease, and Chromosome 11 abnormalities (2). Lenalidomide may have VTE rates as high as 75% (2). Bevacizumab, an anti-angiogenic, has been linked to an increased risk of arterial and venous events (2). Platinum-based compounds, such as cisplatin and carboplatin, can also cause arterial and venous thromboembolism (3). In patients with unprovoked DVT, age-appropriate cancer screening should follow the treatment of DVT. In the case of bilateral lower extremity edema in a patient with cancer, the differential diagnosis should also include thrombosis within, or extrinsic compression of, the inferior vena cava.

Iliac vein compression syndrome, a subtype of NIVL, also known as May-Thurner syndrome (MTS) is a condition mostly seen in young women who present with left leg swelling due to the compression of the left common iliac vein by the right common iliac artery at the level of the lumbar spine. The prevalence of MTS is estimated to be between 15%–30% based on autopsy data. The vast majority of these patients remain asymptomatic with only 2%–5% of patients developing a DVT. Long-standing MTS often results in chronic venous disease (4). In contrast to MTS, NIVL can occur in any segment of the iliac vein caused by other etiologies such as extrinsic compression by tumor, mass, spine spurs, or calcified atherosclerotic iliac arteries (5).

The first-line imaging modality used in diagnosing NIVL or evaluating unilateral leg swelling in patients with cancer is Doppler ultrasound of the iliac and other lower extremity veins. The test is noninvasive, easily accessible, and readily available. However, its diagnostic value may be limited in lesions with lower severity or in patients with obesity due to technical limitations. For typical MTS, CT pelvis with IV contrast is not sensitive enough to diagnose the compressed iliac vein due to limited visibility, but it is a good modality for ruling out extrinsic compression as in NIVL. CT venography with contrast is useful to further differentiate thrombotic from non-thrombotic intravenous lesions (6). Invasive venography is a useful diagnostic tool for identifying occlusion or severe stenosis of iliac veins, as demonstrated in our case. However, its effectiveness may be limited in detecting luminal narrowing, resulting in potentially missed diagnoses of NIVL due to its low sensitivity in this regard. Specifically, the diagnostic quality may be compromised in cases of non-occlusive or partially narrowed iliac vein lesions. Therefore, in instances where clinical indications strongly suggest NIVL, such as in our case, the use of intravascular ultrasound (IVUS) is warranted for a more accurate diagnosis as IVUS can provide a 360o view within the vessel itself, which provides greater anatomic detail of the affected region (7). In fact, it has been demonstrated to approximate the morphology of the lesion, affording greater predictive value for stent sizing compared with the CT venogram alone (8, 9). IVUS was found to have a diagnostic sensitivity of > 90% for lesion detection when compared with CT venography, which has a 68% sensitivity (6).

The spectrum of treatments available for NIVL largely depends on the severity and persistence of the patient's symptoms. Conservative management includes compression stockings with leg elevation and calf muscle exercises. In refractory cases, endovascular repair with stent placement is pursued (10). Many studies have demonstrated an overall improvement in the quality of life and reduction in symptom severity with the use of venous stenting, such that it is nearly considered to be the gold standard for patients with high symptom burden (5, 9, 11).

A specific subgroup of NIVL called cancer-associated vein obstruction (CAVO) has recently garnered attention (12). A few studies have shown that percutaneous intervention is effective in reducing symptoms of swelling and discomfort with a low risk of complications (13). One group studied the efficacy of treating CAVO with an endovascular venous stent combined with linear Iodine-125 radioactive seeds strand. The new technique yielded longer patency of the stent and lower symptom burden without affecting survival (14).



Conclusions

In patients with cancer, DVT is the most likely cause of acute or subacute unilateral leg edema and should be ruled out first before considering other less common etiologies, such as NIVL. The latter condition may not be widely recognized by general providers. The recommended diagnostic workup consists of a duplex ultrasound of the deep iliac venous system, which often demonstrates abnormal venous Doppler waveforms, and a CT venogram of the pelvis to potentially visualize the iliac vein compression. It is important to remember that a negative CT venogram does not rule out NIVL due to its low diagnostic sensitivity. When there is a high index of suspicion for NIVL, invasive iliac venography with IVUS evaluation is instrumental in leading to the correct diagnosis and offering the option of therapeutic endovascular venous stenting. After multidisciplinary discussion and shared decision-making with the patient, endovascular intervention vs. surgical approach vs. medical management is chosen depending on the clinical situation.
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Unicentric Castleman disease (UCD) is a rare, benign lymphoproliferative disorder. Mediastinal UCD has tumors with no clear boundaries that are highly vascularized. Resection surgery results in bleeding, leading to further challenges. Mixed-type UCD is rare. We report the case of a 38-year-old asymptomatic patient with mixed-type UCD; the tumor measured 7.8 cm in size and had unclear boundaries. The tumor was successfully resected by performing a cardiopulmonary bypass on the beating heart; the patient recovered uneventfully.
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Introduction

Castleman disease (CD), first reported by Castleman and Towne in 1954, is a rare, benign lymphoproliferative disorder (1). CD can be divided into two categories: unicentric Castleman disease (UCD) and multicentric Castleman disease (MCD). Mediastinal UCD is a common type of UCD that is accompanied by prominent feeding vessels. Owing to the lack of typical clinical signs, CD is difficult to diagnose. Herein, we report the case of a 38-year-old asymptomatic patient with mixed-type UCD; the tumor measured 7.8 cm in size and had unclear boundaries. The tumor was successfully resected by performing a cardiopulmonary bypass (CPB) on the beating heart.



Case presentation

A 38-year-old man with no obvious symptoms was found to have a mediastinal tumor during a physical examination. The patient had no significant medical history except having diabetes mellitus for a year. He was referred to our hospital for medical treatment. No pathologic signs were found through other physical examinations. His laboratory test results were all within the normal limits, except for the lymphocyte count (13.1%), which was lower than the normal range. The levels of tumor markers alpha-fetoprotein, human chorionic gonadotropin, and lactate dehydrogenase were all normal. The thoracic computed tomography (CT) scan revealed a huge soft tissue density shadow of 72 × 48 mm in the mediastinum. The tumor was compressed near the main pulmonary artery bifurcation and extended along the right pulmonary artery and did not have clear boundaries (Figure 1). His cardiac ultrasonography revealed a huge pericardial effusion, approximately 28 mm. Considering the location of the tumor and the risk of bleeding, we did not schedule a biopsy for him. The tumor was planned for resection via median sternotomy.


[image: Figure 1]
FIGURE 1
Preparative computed tomography scan of the chest showing in the anterior mediastinum. (A) The mass close to the main pulmonary artery bifurcation and extended along the right pulmonary artery. (B) Lateral view of 3-D computerized tomography showing the mass between aortic arch and pulmonary artery.


After sternotomy, the tumor was observed to occupy the area within the aorta-pulmonary window, which also severely compressed the cardiac left atrium. The tumor was vascularized and thus was highly susceptible to bleeding. Disassociation of the pulmonary arteries and the left atrium was essential for successful and complete resection of the tumor. The tumor was huge, and dissection of the tumor was attempted from the pulmonary artery and the left atrium, but the patient was hemodynamically unstable. To guarantee the safety of the patient, the surgical team decided to complete the surgery by performing CPB on the beating heart as an adjunct surgical support. CPB was performed via cannulation of the femoral artery and superior and inferior vena cava. The pressure in the pulmonary artery and heart was reduced through CPB. The aorta and pulmonary artery were pulled away to expose the tumor completely, and then, the tumor was meticulously dissected along the margins from the surrounding tissues. Before dissociation, the area of strong adhesion was gently peeled off and the borders of the blood vessels and the surrounding tissue were carefully confirmed. Electrocoagulation was used to control bleeding from tiny bleeding spots, whereas ligation was done when bigger blood vessel branches were found. The tumor was completely resected after a CPB duration of 165 min. After recovery of stable hemodynamics, CPB was discontinued. The remainder of the surgery was smooth, including hemostasis and chest closure.

On gross inspection, the resected tumor measured 7.8 cm in size (Figure 2). Microscopic examination demonstrated preserved lymph node architecture with a capsule, surrounded by peripheral lymphocytes in concentric circles, interfollicular vascular proliferation with perivascular hyalinization, plasma cells, and macrophage infiltration (Figure 3). Immunohistochemical staining showed the following: CD20 (+), CD3 (+), PAX5 (+), CD5 (+), CyclinD1 (−), CD10 (−), Bcl6 (−), CD21 (FDC +), Kappa (+), Lambda (+), IgD (weak +), Ki67 (positive rate 15%), CD23 (FDC +), CD38 (+), CD30 (scattered +), MUMI (partial +), CD34 (vascular +), HHVV8 (−), and CD123 (−). Based on the pathology slides, the final diagnosis of this patient was mixed-type UCD.


[image: Figure 2]
FIGURE 2
(A) The cut surface showing a solid, homogeneous, and gray mass. (B) Gross appearance of the mass.



[image: Figure 3]
FIGURE 3
Histopathological examination showed (A) preserved lymph node architecture with a capsule, (B) surrounded by peripheral lymphocytes in concentric circles, (C) interfollicular vascular proliferation with perivascular hyalinization and plasma cells and histiocytes infiltration.


The patient had an uneventful postoperative course and was discharged on postoperative day 21. The patient was continuously followed up; he was doing well 1 year postoperatively. The 1-year CT scan showed no residual tumor and no recurrence of the tumor (Figure 4). Regular annual CT imaging follow-up was advised for the patient.


[image: Figure 4]
FIGURE 4
(A) Preparative computed tomography scan showed that the mass close to the main pulmonary artery bifurcation and extended along the right pulmonary artery. (B) Postoperative computed tomography scan showed no residual and no recurrence of the tumor.




Discussion

CD is a rare, benign lymphoproliferative disorder of unknown etiology and is also called follicular lymph node hyperplasia. Pathologically, it can be divided into hyaline vascular type, plasma cell type, or mixed type. Clinically, single lymph node region enlargement is defined as UCD and multiple lymph node region enlargement as MCD. UCD is mostly hyaline vascular type, MCD is mostly plasma cell type and mixed type, and mixed-type UCD is rare (2). Our patient had mixed-type UCD, which is rare.

UCD is mostly asymptomatic, and chest tightness, dyspnea, cough, and dysphagia can occur when the tumor increases in size and starts oppressing the surrounding tissues and organs. UCD often occurs in the mediastinum and needs to be differentiated from thymoma, lymphoma, metastatic tumor, and neurogenic tumor. Pericardial effusion is associated with CD (3, 4), possibly due to the generalized inflammatory syndrome related to plasma cell histology. The pathological type of our patient was categorized as mixed type, and pericardial effusion is not a common clinical manifestation of mixed type. To the best of our knowledge, this is the first case of mixed-type UCD presenting with pericardial effusion as a clinical manifestation.

Surgical excision of the tumor is both a diagnostic and therapeutic procedure. The gold standard of diagnosis is pathological examination (5). Although ultrasound and CT can be used as diagnostic tools, ultrasound-guided penetration has the risk of causing hemorrhage because UCD is densely packed with blood vessels (6). Our team believes that preoperative puncture has a high risk of bleeding; thus, biopsy during surgery was considered to be safer. Therefore, in our case, we did not perform penetration before surgery.

Mediastinal UCD is treated with surgical resection, which includes open surgery and video-assisted thoracoscopy. A previous study has shown video-assisted thoracoscopy to be not useful (7). However, there have been cases of effective thoracoscopic resection in recent years (8, 9). Video-assisted thoracoscopy is a good option for UCD that is located in the anterior mediastinum or upper mediastinum and has distinct boundaries and does not oppress the heart or blood vessels. The tumor in our case was near the pulmonary arteries and left atrium with no clear boundaries. Therefore, VATS was not used in our case; we believed that median sternotomy was safer for the patient.

Surgical resection of UCD is complicated by excessive blood loss because CD is highly vascularized. Preoperative embolization can be used as an adjunct to avoid intraoperative bleeding (10). In our case, we used CPB to guarantee complete resection of the tumor and the safety of the patient. The application of CPB is of great contribution to intraoperative dynamic stability and meticulous surgical bleeding control. Moreover, to reduce the chances of rupture during operation, the pressure on the pulmonary and cardiac arteries can be relieved by CPB. In our case, the patient did not require any blood transfusion. Thus, our experience supports the application of CPB as a safe and effective technique for the successful surgical treatment of UCD.



Conclusion

CD is a rather uncommon condition. Pathological diagnosis is the gold standard, as radiographic examination is not specific. For UCD, surgical resection is the treatment of choice. The application of CPB is a useful and effective technique for successful surgical treatment.
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Introduction

Cancer immunotherapies have revolutionized antineoplastic treatments. CTLA-4, PD-1, and PD-L1 are crucial regulators of the immune response and play a central role in the maintenance of self-tolerance (1). Monoclonal antibodies directed against CTLA-4, PD-1, and PD-L1 block these immune checkpoints and unleash anti-tumor immunity, leading to tumor cell death through cytolytic molecules. Unfortunately, these immune checkpoint inhibitors (ICIs) either alone or in combination, can lead to imbalances in immunologic tolerance resulting in a broad spectrum of immune-related adverse events (irAEs) (2–4). The true incidence of cardiac irAEs due to ICIs is unknown; current estimates suggest less than 1% of patients (2).

The largest case series of 122 subjects with ICI-associated myocarditis had early symptoms (median of 30 days after initial exposure to ICI), and up to 50% died (5). Late cardiovascular (CV) events (>90 days) are not well characterized but usually show higher risk of non-inflammatory heart failure (HF), progressive atherosclerosis, hypertension, and mortality rates (6). Other CV toxicities described during ICI therapy are MI, Atrio-Ventricular (AV) block, supraventricular and ventricular arrhythmias, sudden death, Takotsubo-like syndrome (TTS), hypercholesterolaemia, pericarditis, pericardial effusion, ischaemic stroke, and VTE (7, 8). Conditions related with high baseline ICI-related CV toxicity risk include dual ICI therapy (e.g., ipilimumab and nivolumab), combination ICI therapy with other cardiotoxic therapies, and patients with ICI-related non-CV events or prior cancer therapy-related cardiac dysfunction (CTRCD) or cardiovascular disease (CVD) (Figure 1) (9–11).


[image: Figure 1]
FIGURE 1
(reproduced with permission from 9). Cardiovascular surveillance in patients treated with immune checkpoint inhibitors. BNP, B-type natriuretic peptide; BP, blood pressure; C, chemotherapy cycle; cTn, cardiac troponin; CV, cardiovascular; CVD, cardiovascular disease; CTRCD, cancer therapy-related cardiac dysfunction; CTR-CVT, cancer therapy-related cardiovascular toxicity; CVRF, cardiovascular risk factors; ECG, electrocardiogram; HbA1c, glycated haemoglobin; ICI, immune checkpoint inhibitors; M, months; NP, natriuretic peptides (including BNP and NT-proBNP); NT-proBNP, N-terminal pro-B-type natriuretic peptide; TTE, transthoracic echocardiography; AF, atrial fibrillation. aIncluding physical examination, BP, lipid profile, and HbA1c. bDual ICI, combination ICI-cardiotoxic therapy, ICI-related non-CV events, prior CTRCD or CVD. cEvery three cycles until completion of therapy to detect subclinical ICI-related CV toxicity. dIn patients who require long-term (>12 months) ICI treatment.


More recently, engineered T cells with chimeric antigen receptors (CAR-T cells) are being used for acute lymphocytic leukaemia and aggressive B-cell lymphomas (12). There is a growing recognition of the association between CAR-T therapy and cancer therapy-related cardiovascular toxicity (CTR-CVT), including left ventricular dysfunction (LVD), HF, cardiac arrhythmias, pericardial effusion, TTS, and cardiac arrest (13–18). The majority of the described CV toxicities have been shown to be associated with cytokine release syndrome (CRS) (12, 19), a systemic inflammatory response due to the widespread release of cytokines.



Broad spectrum of cardiotoxicities

Acknowledging the revolutionary advances in cancer obtained with immunotherapies (and unfortunately also their toxicities), it is noteworthy that this Special Issue contains several papers that describe toxicities from immunologic therapies. Su and Colleagues (20) report a case of head and neck squamous cell carcinoma treated with pembrolizumab, a humanized monoclonal IgG4 antibody, that binds to programmed death receptor-1 (PD-1) and blocks its interaction with programmed death ligand-1 (PD-L1). The authors report that pembrolizumab-induced atrioventricular block complicated by myocarditis, successfully treated with glucocorticoids within 24 h after initial symptoms. Although left ventricular ejection fraction (LVEF) was normal, speckle tracking echocardiography revealed a slightly decreased left ventricular global longitudinal strain (GLS).

Nivolumab (anti-PD-1) and Pembrolizumab were probably the cause of immune related pericarditis, pericardial effusion and tamponade in two cases described by Chye and coworkers, who underlined the importance of monitoring and follow-up of selected patients for rechallenge with ICI after full recovery from immune-related pericardial disease (21) The two patients were suffering from advanced non-small cell lung cancer (NSCLC).

Sintilimab is a humanized monoclonal IgG4 antibody approved for the treatment of hematological cancers and several advanced solid tumors in China. Lin and collaborators presented a sintilimab related decrease of LVEF at echocardiography (22) in a patient with advanced lung adenocarcinoma. Echocardiography showed severely impaired heart function with a LVEF of 35% on admission. A significant improvement of LVEF to 52% was noted several days after treatment with methylprednisolone and immunoglobulin. However, cardiac magnetic resonance (CMR) showed extensive myocardium fibrosis. Therefore, longer follow-up is warranted to determine whether myocardial fibrosis can fully regress and to observe the long-term prognosis of the patient (Lin et al.).

Toripalimab is a PD-1 monoclonal antibody approved by the National Medical Products Administration of China in 2018. A phase I trial registered with U.S. National Library of Medicine (identifier NCT03474640) is underway in the USA. Luo and coworkers describe a case presenting with polymyositis, myocarditis, and myasthenia gravis after toripalimab used for treatment of metastatic thymoma. Toripalimab can provoke diffuse inflammation of myocytes from striated muscles to Myocardial cells, worsened in case of thymic epithelial tumors, because of the alteration of T cells immune tolerance (23).

Another manuscript shows acute pericardial effusion with cardiac tamponade with CAR-T therapy (24) in a patient with diffuse large B-cell lymphoma. Specifically, the Authors evidenced that a rapid introduction of immunosuppressive therapy can reduce the need of pericardiocentesis.



Discussion

The conditions and toxicities described in the above-mentioned papers of this Special Issue are well recognized by the first ESC 2022 Cardio-Oncology Guidelines, which recommend that all patients on ICI treatment should have an ECG and troponin assay at baseline (Figure 1) (9). In addition, high-risk patients should undergo trans-thoracic echocardiography (TTE). Once started on therapy, ECG, cTn, and NP should be checked (9). In high-risk patients, and in those with high baseline cTn levels, TTE monitoring may be considered. Subjects with new ECG abnormalities, biomarker changes, or cardiac symptoms at any time, need to be promptly evaluated by cardio-oncologists, including a TTE for the assessment of LVEF and GLS, and CMR if myocarditis is suspected (9). Cessation of ICI treatment is recommended with ICI-associated myocarditis; patients should be admitted to hospital with continuous ECG monitoring. CV complications should be treated as per specific ESC Guidelines (HF (25), tachyarrhythmias (26), AV block (27, 28) or pericardial effusion (29)). Methylprednisolone 500–1,000 mg i.v. once daily for the first 3–5 days should be started as soon as possible (9).

Baseline CV evaluation including ECG, NP, and cTn is also recommended in patients who are to be treated with CAR-T. Baseline TTE should also be considered, especially in subjects with pre-existing cardiovascular risk factors (CVRF) and CVD. CRS should be suspected if a subject develops fever, with or without tachypnoea, tachycardia, hypotension, hypoxia, and/or other end-organ dysfunction hours to days after treatment. A high index of suspicion is necessary to diagnose CRS and to distinguish it from other conditions that occur in these settings (infections, HF, drug reactions, and PE) (9). A rise in cTn can be frequently observed in subjects with CRS and is linked to a higher risk for subsequent CV events (13). CAR-T was associated with tachyarrhythmias (atrial fibrillation, AF, the most common, followed by ventricular arrhythmias), cardiomyopathy, and pleural and pericardial diseases (16). Globally, the fatality rate of CV and pulmonary adverse events was 30.9% (30). Early cardiac evaluation in patients with cTn increase should include NP, ECG, and TTE (9). When suspected, a resting 12-lead ECG, continuous ECG monitoring, TTE, and cTn and NP are recommended. In severe cases admission to ICU is recommended because of the risk of malignant cardiac arrhythmias, circulatory collapse, and multiorgan system failure (9).

The above-mentioned surveillance strategies of acute fulminant myocarditis brought to the recognition of more subtle forms of heart inflammation, spanning from smouldering myocarditis to asymptomatic rises in serum troponin I (31–34). Hence, chronic (lasting for >12 weeks after ICI discontinuation) irAEs are increasingly detected, and can affect up to 40% of patients (35). Chronic irAEs are mostly endocrine or rheumatological, but may also affect other organs and systems (31). Extrapolating from non-ICI-associated myocarditis, it may be expected that subjects who recover from ICI-associated myocarditis would also experience chronic consequences related to residual cardiomyopathy as a long-term sequela (36). This brings to a fundamental long-term implication of irAEs, whether patients who experienced some benefit but also severe toxicities from ICI treatment should be rechallenged upon resolution of the irAE. Retrospective studies suggest that recurrence of irAEs occurs in approximately 25%–50% of patients rechallenged with ICIs (31, 37, 38). De-escalation of therapy (such as de-escalation from combination anti-PD-1–anti-CTLA4 antibodies to anti-PD-1 monotherapy) appears to be linked with a lower risk of irAE recurrence (18% in one series, 38). Determining which patients bring the highest risk of recurrent irAEs is challenging; colitis, pneumonitis and hepatitis seem to recur more frequently on rechallenge than do other irAEs, with older age also being associated with irAE recurrence (37). It is not fully understood whether a longer delay between discontinuation and rechallenge would also decrease the risk of recurrent toxicities. When evaluating the reintroduction of an ICI-based therapy, both the type and severity of the irAE, as well as the clinical need for rechallenge should be taken into account. If rechallenge is undertaken, patients should undergo close clinical and/or laboratory monitoring should in order to assess for possible irAE recurrence (31).
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17 months priorto e Diagnosed with peripheral lung adenocarcinoma with
presentation associated brain and bone metastases.

 Osimertinib treatment started.

3 months prior to o Palpitations whilst working,
presentation « One episode of syncope at home.
2 days prior to o Frequent palpations, dizziness.

presentation
Atpresentation « BP81/68 mmHg, BMI 149 kg/m? (164 cm/40kg)
o ECG: HR 122 bpm, QTcb 532 msec, frequent VPCs.

o Normal electrolyte concentrations.

o Negative cardiac biomarkers.

o Anti-arthythmias  medical ~treatmer

including
intravenous magnesium, potassium  magnesium
aspartate and lidocaine, and oral propranolol.
« Osimertinib was discontinued.
2 days later o Symptoms not relieved.
o Holter monitoring: prolonged QT interval (longest
QTcB 640ms), frequent VPCs and VTs (122
episodes/20h, including multiple TdP)
o Treatment: temporary pacemaker implantation.
Overdrive pacing (at 110 bpm) shortened the QTc
interval and terminated VAs. QTcB 298 ms.
9 days later o With temporary pacemaker, the pacing rate was
gradually reduced to 60-70 bpm; ECG: HR 70 bpm,
QTeB 507 msec.
 No palpitation and syncope. Holter monitoring: no
VAs. Temporary pacemaker removed.
15 days later  ECG: HR 67 bpm, QTcB 477 ms
 No palpitation and syncope
3 months later « No palpitation and syncope, good recovery
o ECG: HR 68 bpm, QTcB 479 ms

6 months later  No palpitation and syncope, good recovery

BR, Blood pressure; HR, Heart rate; BMI, Body mass index; ECG, Electrocardiograph;
QIeB, Corrected QT interval by Bazett formuly; TdP, Torsade de pointes;
VPCs, Ventricular premature complexes; VT, Ventricular tachycardias; VAs,
Ventricular arrhythmias.
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Author [Ref]

Matsuura etal. (11)

Tkebe etal. (12)

Kaira etal. (14)

Our case

TdP, Torsade de poi

Osimertinib QTcinterval  Type of VAs
treatment time (ms)
(month)

2 486 Tdp

2 524 Tdp

6 647 Tdp

3 >600 VE Cardiac arrest
17 640 VT, TdP

es; VT, Ventricular tachycardias; VAs, Ventricular arrhythmias.

Anti-arrhythmias
treatment

o Osimertinib discontinued;
o Magnesium supplementation.
o Osimertinib discontinued;

o Cardioversion;

o Osimertinib discontinued;

o Magnesium supplementation,

potassium supplementation,
administration of

antiarrhythmic drug lidocaine.

o Osimertinib discontinued;

o Cardiovascular agents (not
specified).

o Cardiopulmonary resuscitation

o Osimertinib discontinued

o Intravenous magnesium,
potassium magnesium aspartate,
and oral propranolol;

o Overdrive pacing by

temporary pacemaker

Follow-up

o Not mentioned

 Died of cancer progression and
cachexia 15 months after
osimertinib discontinuation.

QT interval got closer to normal

gradually, but the patient

nced decreased blood

exper
pressure, pulse oxygen
saturation, and was
unconscious. In order to relieve
the patients pain, the patient was
discharged without invasive
salvage measures.

» Not mentioned.

o Osimertinib was replaced by
gefitinib (250 mg QD).

o QT interval getting closer to
normal gradually, the three- and
6-month follow-ups showed
good recovery and normal
ECG results.
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Baseline Third Fifth Eighth

Left atrium (anterior and posterior 621 673 645 654

meter, cm)

Right atrium (vertical atrial 6.12 6.67 6.47 6.58
septum, em)

Left ventricular transverse 473 6.81 7.12 6.71

iameter (cm)

Right ventricular transverse 493 512 520 511
iameter (cm)

LVEF (%) 5691 6248 6316 7170

LVEDV (ml) 12831 15182 13688 160.94

LVESV (ml) 5530 5697 5042 61.64

co (L) 453 607 476 6.16

LV ED mass (g) 65.49 784 7317 8491

BMI (kg/m?) 248 2698 2698 2698
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Baseline  Third  Fifth  Eighth

ADCyow (x107* mm?/s) 2.88 225 255 35
ADCpg (x 1073 mm?/s) 163 148 134 171
(%) 45% 36% 30% 31%
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Days after sintilimab infusion o 20 30

LVEE, % 65 35 52
Tnl, ng/mL 002 94 042
NT-proBNE pg/ml 2 8290 1,265
CKMB, IU/L 13 109 2

K, creatine Kinase; LVER, left ventricular ejection fraction; NT-proBNE, N-terminal
pro-brain natriuretic peptide; hs-Tnl, high- ity Troponin I.
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One month prior to presentation

Half 1 month prior to presentation

At presentation

Four months later

o Syncope occurred while walking with prodromes such as dizziness and palpitations. Syncope occurred once a day.

o cTnl: <0.1 ng/ml; BNP: 225 pg/ml. ECG: sinus rhythm and a heart rate of 65 beats per minute. Arterial blood pressure
monitoring: mean blood pressure 121/76 mmHg (range: 87-161/59-98 mmHg).

e Pulmonary artery computed tomography angiography: no thrombosis was observed in pulmonary artery and its branches.

e Neuroimaging with CT, magnetic resonance angiography and electroencephalogram: normal.

© Magnetic resonance imaging of cervical spine: hyperostosis of cervical 4-7 with narrow intervertebral space and left foramen.

o Syncope occurred every 2-3 days. The patient developed persistent post-auricular and occipital pain in the morning. When
the pain was at its peak, syncope was induced. A new, non-tender neck mass demonstrating progressive enlargement was
observed. The patient had an occasional choking cough and dysphagia but no dyspnea.

o Seven days-Holter monitor: long intervals and conduction block were not observed without episodes of syncope.

Syncope occurred while sitting with prodromes such as dizziness, along with fecal incontinence. After 5-6 min, the patient
regained consciousness.

o cTnl: <0.017 ng/ml. ECG: sinus rhythm and a heart rate of 98 beats per minute. Continuous tracking with a Holter monitor
captured one episode of syncope, which occurred with sinus rhythm and a heart rate of 70 beats per minute. Transthoracic
echocardiography: impaired relaxation (mitral E/A ratio, 0.8) with left atrial enlargement and normal systolic function.

o A 2-h electroencephalogram: no epileptic seizure during the episode of syncope. Carotid artery ultrasonography:
atherosclerotic plaques in bilateral carotid arteries with no stenosis.

o Supine and standing blood pressure measurements: normal. Upright tilt-table test: a decrease in arterial blood pressure
(>20 mmHg) that reproduced syncope for a duration of 20 s without any change in heart rate.

o Neck ultrasonography: a hypo-echoic region with abundant blood flow in the lower middle part of the right neck, surrounding
the right common carotid artery. PET/CT: a large soft tissue mass in the right neck, surrounding the adjacent large vessels.
Histopathological examination of left inguinal lymph node: diffuse large B-cell lymphoma.

e Treatment: rituximab (600 mg), plus cyclophosphamide (1.2 g), doxorubicin (60 mg), vincristine (4 mg), and prednisone
(100 mg/day x 5 day) (R-CHOP).

o After four cycles of R-CHOP immunochemotherapy, PET/CT revealed that the original large mass in the neck had
disappeared.

o The patient no longer complained of either syncope or pain from the post-auricular and occipital regions. Choking when
eating was also relieved.

cTnl, cardiac troponin I; BNP, type B natriuretic peptide; ECG, electrocardiogram; BP, blood pressure; CT, computed tomography; PCT, positron emission tomography.
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Timeline of the case

12 years before Diagnosed with liver cancer, received liver transplantation, and consumed immunosuppressive drugs.
2 months before Presented atypical chest pain and exertional shortness of breath, and no certain cause was found.
Day 1 Diagnosed with acute heart failure for remarkably increased NT-proBNP concentration, and a negative clinical response was obtained with

the intravenously administered diuretic.

Day 2 TTE and TEE were performed; a lobulated, poorly mobile mass was detected; and MRI and lymph node biopsy were performed to evaluate
the cardiac mass.

Day 3 The patient underwent hemodynamic collapse and died.

'EE, transesophageal echocardiography.

proBNP, N-terminal pro-B-type natriuretic peptide; TTE, transthoracic echocardiograpl
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Time of Echocardiography LVEF LVOTG

November 2015 (Pre-Alcohol Ablation) 64.8%  125mmHg

December 2015 (Post alcohol ablation) 64.4%  40mmHg

March 2018 (Post alcohol ablation review) 70.8%  26mmHg

June 2021 (Two months prior to admission) 57% 6.4mmHg

August 2021 (Transferred to ICU) 38%  4mmHg

September 2021 (Transferred to Hematology department) ~ 38%  3.6mmHg
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Day 1

-Hospital admission
Because of a
progressive mass in
the left frontal region

Day 4

-Left frontal mass
resection under
general anesthes

Day15

-The wound healed
well and the child
ia was discharged

Day 2-3
-Perfecting
preoperative
examination

Day 5-14

-Primary care, regular
cleaning of left frontal
wound and dressing
change
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Pharmacologic prophylaxis options
UFH 5,000 Units every 8 h
Dalteparin®® 5,000 Units once daily subcutaneous
Enoxaparin® 40 mg once daily subcutaneous
Fondaparinux® 2.5 mg once daly subcutaneous
Apixaban®  2.5mg orally twice daily
Rivaroxaban 10 mg orally once daily
Treatment of established VTE management options
UFH 80 Units/kg IV bolus followed by 18 Units/kg/h IV*
Dalteparin®®®  Initially, 200 Units/kg subcutaneous once daly for 30 days
Followed by 150 Units/kg subcutaneous once daily
Enoxaparin® 1 mg/kg every 12 hours; or
1.6 mg/kg once daily

Tinzaparin 175 Units/kg once dally subcutaneous
Fondaparinux®  Weight-based dosing regimen < 50kg: 5 mg once dally
subcutaneous

50-100kg: 7.5 mg once
dally subcutaneous

> 100kg: 10mg once daily
subcutaneous

Apixaban® Initially, 10 mg orally twice daily after that
Followed by 5mg orally twice daly after that
Rivaroxaban!  Initially, 15mg orally every 12 for 21 days
Followed by 20 mg orally once daily after that
Edoxaban®  Weight-based dosing regimen = 60mg orally once daily
< 60kg: 30mg orally once
daily'

aPTT, Activated Partial Thrombopiastin; VTE, venous thromboembolism.

DA approved LMWH for an extended therapy to prevent recurrent thrombosis in
patients with cancer.

Pin renal impairment cancer patients with CrCl < 30 mL/min, monitor anti-factor Xa levels
and adjust the dose eccordingly to achieve target range 0.5-1.5 interational unit
Meinly renally cleared; avoid in patients with CiCl < 30 mL/min or adjust the dose
according to anti-factor Xa levels.

9In renal impaiment patients with CrCl < 30 mi/min, use is contraindicated by
manufacture labeling.

ein severe hepatic impaiment, Chic-Pugh Class C apixaban is not recommended.
"Doses to be taken with food.

9Maximum daily 18,000 units per day, therapy beyond 6 months not established.

hin moderate to severe hepatic impaimment (Child-Pugh Class B and C) edoxaban is
not recommended.

If the patients’ CrCl 30-50 mL/min, or the patient needs concomitent use of a P-
glycoprotein inhibitor

“After which adjust the dose based on aPTT.
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Management Recorded INR test Warfarin dose (mg/day) Number of days
warfarin was withheld

No. Result Capecitabine period Capecitabine free period
(14 days) (7 days)

Seff-managed 1 1.66 2 2 12-15
2 1.49 2 2 12-15*
3 1.24 2 2 12-15
4 134 2 2 12-15°
5 696 2 2 12-15*

Anticoagutation clinic 6 2.47 1 2 0
7 3.80 1 2 2
8 157 05 2 0
9 228 05 2 0
10 1.56 1 2 0
11 235 1 2 0
12 221 1 2 o
13 229 1 2 0
14 2.40 1 2 0
15 228 1 2 o
16 272 1 2 4
17 208 1 2 o
18 275 1 2 0
19 1.87 1 2 0
20 207 1 2 0
21 243 1 2 0
22 245 1 2 0

*“Number of days withheld self-reported estimate by the patient’s caregiver.
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Patient characteristics Therapy indication Co-administration Bleeding

Caseno. Age/ Warfarin ~ Capecitabine Sequence Duration ~ Reported Description Management
(Ref) Gender INR
109 9F ovT Rectal with liver Capecitabine for 4 6 weeks >10  Vagino-rectal bleeding - Holding both agents
metastases cycles before warfarin - IV vitamin K
- No further
chemotherapy received
20 72/F PE Recurrent metastatic Warfarin for 3years 8 weeks >10  Melena - Holding both agents
breast cancer before Capecitabine - IV hydration and vitamin K

- Fresh frozen plasma
- Packed red blood cells

- No further
chemotherapy received
3(10) 81/M NR Metastatic colon Wartarin before 1 week >10 Gastrointestinal in a - Holding both agents
cancer Capecitabine shocked condiion - IV vitamin K
(time interval NR) - Fresh frozen plasma

- Packed red blood cells
- Omeprazole infusion

4 (10) 7OM NR Metastatic colon Warfarin before 4 weeks >10 Gastrointestinal in a - Holding both agents
cancer Capecitabine sshocked condition - IV vitamin K
(time interval NR) - Fresh frozen plasma

- Packed red blood cells
- Omeprazole infusion

5(11) 67/F PE Metastatic breast ~ Warfarin for 1 year ~ 45weeks 856  Hemorrhagic blisters, - Holding both agents
cancer before Capecitabine purpura, and - IV vitamin K
ecchymoses
6() sF CRT Metastatic breast  Warfarin before 3 weeks 887  Nosignsand - Holding both agents
prophylaxis cancer Capecitabine symptoms of bleeding - IV vitamin K

Swiitched to LMWH

(time interval NR)

INR, international normalized ratio; DVT, deep vein thrombosis; PE, pulmonary embolism, NR, not reported: CRT, catheter-related thrombosis; LMWH, low-molecular-weight heparin.
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Study type/number of patients Therapy indication Reported INR Reported bleeding  Study outcome(s)

cases
Type of study No. of patients Warfarin (%) Capecitabine (%)
(Ref) receiving capecitabine
and warfarin
concomitantly
An 69 1. DVI/PE(5.07) 1. Breast (49) - 36 patients hadat ~ One bieeding eventina The study did not find
observational 2. Venousaccess 2. Colon (32) least one INR >8.0  patient whowason  significant differences in
study (12) device prophylaxis - 23 patientshadat  warfarin for venous  the rates of bleeding
(24.64) least one INR 5.0 access device events and elevated
3. Other (20.29) prophylaxis INR in patients
receiving concomitant
capecitabine and
warfarin
Aretrospective 21 1. Central-vein 1. Pancreatic or 11 patients had an INR Gl bleeding was There s a clinically
study 09 thrombosis galbladder (636) >3 encountered in 7 significant interaction
prophylaxis (48) 2. Colon (23.4) patients between warfarin and
2. DVT(33) 3. HCC (5.4) capecitabine
3. AF (19) 4. Breast (35)
5. Carcinoid (1.2)
6. Gastric (1.2)

INR, international normalized ratio; DVT, deep vein thrombosis; PE, pulmonary embolism; AF, atrial fibrillation/flutter; HCC, hepatocellular carcinoma; Gl, gastrointestinal.
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Time point

September 2021

October 2021

January 2022

February 2022

March 2022

Day 24 in hospital
Day 25 in hospital
Day 28 in hospital
Day 32 in hospital

July 2022

Event

Diagnosed with AML and treated with induction therapy
(HAA)

Diagnosed with invasive fungal discase and administered
amphotericin B formulation and caspofungin acetate

therapy

Administered round 1 VEN + AZA

Liver biopsy revealed Candida tropicalis infection
Administered round 2 VEN + AZA

Hospitalized due to fungal infection; antifungals, including
micafungin, fluconazole, and antibacterial cefiazidime,

were administered

100 mg dasat

ib was administered orally
Sudden cardiac arrest and torsade de pointes occurred
Torsade de pointes and Qe resolved

Discharged from hospital

Underwent chemotherapy in another hospital during

follow-up
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A, Day 24 in hospital, QT 520ms, QTc 482, the day of
dasatinib use

B, Day 25 in hospital, QT 488ms, QTc 485ms, before
torsade de pointes.
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Cardiac intimal sarcoma Myxoma

Common location Left atrium Left atrium > right atrium
Intracavitary Intracavitary
Echocardiography Mobile/Non-mobile mass with single or multiple separated sites Highly mobile mass being attached to atrial septum (or atrial wall)
of attachment to atrial wall (or atrial septum) by a stalk
Contrast-enhanced CT Hypodensity Hypodensity
Heterogeneous enhancement at arterial phase and the contrast Calcification may present
uptake decreases with a longer delay time No obvious arterial-phase contrast enhancement and heterogeneous

enhancement is recognized with a longer delay time

CMR

T1-weighted imaging* Isointense/Hypointense Isointense/Hypointense
T2-weighted imaging* Hyperintense Hyperintense

LGE imaging Heterogeneous enhancement Heterogeneous enhancement

*The signal intensity of T1- and T2- weighted imaging is relative to myocardium. CT, computed tomography; CMR, cardiovascular magnetic resonance.
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Initial visit

One month later

1.5 months later

20 months later

21 months later

23 months later

24 months later

32 months later

The patient presented with fatigue and
was diagnosed with apical hypertrophic
cardiomyopathy based on an initial
electrocardiogram and transthoracic
echocardiogram.

The patient underwent punch biopsy of
the right forearm lesion, which was
positive for melanoma.

Wide excision of the right forearm lesion
and sentinel lymph node biopsy of right
axilla done, and patient found to have
Stage IIC melanoma.

A computed tomography (CT) scan of the
chest and a whole-body positron emission
tomography (PET) scan were suggestive of
metastatic spread of melanoma to the left
ventricular apex and left lung.

A CT-guided biopsy of the left pulmonary
nodule confirmed metastatic melanoma.

The patient was started on ipilimumab as
she was negative for BRAF V600 mutation.
Ipilimumab was stopped due to a
significant increase in liver enzymes.
Patient started on paclitaxel.

Repeat PET scan showed progressive
disease. Patient started on hospice care

and passed at a hospice facility.
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Complete blood count

Patient

‘White blood cell

3,300-8,600

386-492 % 10"

Red blood cell

116-148

Hematocrit

35.1-444

Mean corpuscular volume

83.6-98.2

Platelet

158-348 x 10

Neutrophil

40.0-70.0

Lymphocyte

200-50.0
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00-100

Eosinocyte

10-5.0
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00-1.0

Ce test

Activated partial

260-38.0

Prothrombin time

70.0-1300

D-dimer

Biochemistry

Total protein

Albumin

Coreactive protein

Aspartate

Alanine aminotransferase

Alkaline phosphatase

Total bilirubin

Lactate dehydrogenase

Blood urea nitrogen

Creatinine

Na (sodium)

K (potassium)

CI (chlorine)

Creatine kinase

Creatine kinase-myocardial band

Amylase

Glucose

Ale

Troponin T

B-type natriuretic peptide

‘Thyroid-stimulating hormone

Free thyroxine

Arterial blood gas analysis
(under 5 L of oxygen

pH

PO, (partial pressure of oxygen)

PCO, (partial pressure of carbon
dioxide)

35.0-45.0

50, (oxygen saturation)

95-99

HCO3 (bicarbonate)

2226

Lactate
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Dimension ISimpson ‘ |
LvDd 53.1 mm |EF ‘ 21.6%
LVDs 46.0 mm TV inflow
Fs 13.4%| [g/a 09
LAD 44.9mm| (per (E) 141.6 ms
AoD 20.7 mm Valve
AR |mild
VG 12 mim, MR |mild~moderate
TRPG | 26.7mmHg TR |mid
ECG | sinus thythm PR |mid
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Dimensions Baseline Post-RT (day 10)

LVIDD (mm) 46 57
LVIDS (mm) 34 44
LVPW (D) (mm) 8 9
1VS (D) (mm) 8 9
LVPW (5) (mm) [ 10 10
IVS ($) (mm) 10 10
LVED volume (ml) 500 62
LVES Volume (ml) 2438 44
LVEF (Simpson's) (%) 4 29
GLS (Average) (%) -182 -112
RVIDD (Base) (mm) 33 32
TAPSE (mm) 13 13
IVC dimension (mm) 15 14
Left atrium (ES) (mm) 30 3
LAVI (ml/m’) 32 33
Sinus of Valsalva (mm) 31 31
AorticrRoot (mm) 29 30
Lateral & (cm/s) 8 7
Septal & (cm/s) 7 6
Mitral E/A 067 0.61

LVIDD, left ventricular internal dimension in diastole; LVIDS, left ventricular internal
dimension in systole; LVPW, left ventricular posterior wall; LVED, left ventricular enc
diastole; LVES, left ventricular end systole; RVIDD, right ventricular interna
dmension i iastok; TAPSE. rcuspid anrular plane syswuc excursion; IVC, inferior
vera cava; ES, end : LAV, left atrial ptum,
LV EF. left veniricolar siection fraction: GLS, giobal lcngx(udnal Py
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6 months before referral
to our clinic

Coronary artery bypass graft surgery.

9 weeks before referral to
our clinic

Transthoracic and STE (performed before surgery for
estimation of surgical risk) showed LV EF of 42% and
GLS of ~18.2%, with mild ischemia in apex on single-

photon emission computed

7 weeks before referral to
our dlinic

Mastectomy.

5 weeks before referral to
our clinic

Radiotherapy for 25 days.

Day 0

The last fraction of radiation therapy.

Day 10

Symptoms that lasted for 10 days before referral to our
clinic: dyspnea on light exertion and two-pillow
orthopnea. Her symptoms were classified as New York
Heart Association functional class 1T heart failure.
Signs: Heart rate =110 bpm, respiratory rate =28 /min,
and blood pressure =105/64 mmHg. On heart
auscultation, she had §3 and $4, lung rales and crackle.
A 12lead electrocardiogram exhibited sinus tachycardia
accompanied by nonspecific ST-T changes in the
precordial leads. Premature ventricular count was 13.8%
during 24-h Holter monitoring, accompanied by LV EF
of 29% and global longitudinal strain of ~11.2%.

Day 11

‘The results of serum tests showed a high sensitivity
troponin I level 6 times above the normal limit (up to
14 ng/L), high levels of lactate dehydrogenase, creatinine
‘phosphokinase, aspartate aminotransferase, C-reactive
protein, and mild elevated total white blood cell count,
as well as clevated NT pro-brain natriuretic peptide (6
times above the normal limit). Viral markers were
negative.

Day 11

‘The results of cardiac magnetic resonance showed
diffuse myocardial inflammation in T1 mapping, mid-
wall late gadolinium enhancement in basal segments of
interventricular septum, and subepicardial delayed
enhancement in basal inferolateral segments.

Day 25

The patient was clinically stable without improvement of
echocardiographic or STE findings (LV EF = 3%, global
longitudinal strain =-11.9%).

LV EF, left ventricular ejection fraction; STE, speckle tracking echocardiography.
LS clobal bongitudinal strain
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n=9
Male gender, n (%) 8(88.9)
Age, mean & SD 59.9 £9.8
Pediatric patient, n (%) 0(0.0)
Multigene involvement, 7 (%) 0(0.0)
Concomitant myeloid 3
or lymphoid neoplasms, 7 (%) (33.3)
Type of concomitant neoplasm, 1 (%)
Acute 1(33.3)
Chronic 3(100.0)
Lymphoid 0 (0.0)
Myeloid 3(100.0)
Myelodysplasia 0 (0.0)
Mixed Histiocytosis 1(11.1)
Shared mutation between ECD and neoplasm 3(100.0) *

2(33.3)
598 +£9.4
0(0.0)
3(50) *
4
(66.7)*

0(0.0)
4(100.0)
0(0.0)
4(100.0)
0(0.0)
0(0.0)
4(100.0) *

BRAF

n=273

172 (65.6)
522+17.7
16 (5.9)
14 (5.1)
26
(9.5)

6(23.1)
22 (84.6)
3(11.5)
19(73.1)
4(15.4)
24(8.8)
1(7.7)

*Categories for which there is a statistically significant difference. Statistically significant p-values are in bold.

MAP2K1

n=11

10 (90.9)
519 +11.6
0(0.0)
1(9.1)

1
(9.1)

0(0.0)
1(100.0)
0(0.0)
1(0.0)
0(0.0)
1(9.1)
0(0.0)

3(100)
31£17
0(0.0)
0(0.0)
0
0

0(0.0)
0(0.0)
0(0.0)
0(0.0)
0(0.0)
0(0.0)
0(0.0)

6 (75.0)
43.6+28.1
2(25.0)
4(50.0) *
2
(25)

1(50.0)
1(50.0)
0(0.0)
2(100.0)
0(0.0)
0(0.0)
2(100.0) *

P value

ns
ns
ns

0.001

0.001

ns
ns
ns
ns
ns
ns

0.004
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Cardiovascular involvement, 1 (%)

Central nervous system involvement, # (%)

Bone involvement, n(%)

Cortical bone tracer uptake, n(%)

Lung involvement, n (%)

Kidney/retroperitoneum involvement, n (%)

Skin involvement, 7 (%)

Serosal involvement, 1 (%)

Reticuloendothelial system involvement, 1 (%)

(55.6)
3
(333)
6
(66.7)
3
(100)
4
(44.4)
6
(66.7)
3
(333)
5
(55.6)
1
(11.1)

(66.7)

(333)*

(33.3)
0
0
5
(833)*
3
(50)
1
(16,6)

BRAF

n=273

131
(47.8)
183
(67)*
232
(85)
161
(94.7)
62
(22.7)
155
(56.7)
77
(28.2)
79
(28.9)
14
(5.1)

MAP2K1

PIK3CA

P value

ns

<0.001

ns

0.001

ns

0.009

0.004

ns

*Categories for which there is a statistically significant difference. Statistically significant p-values are in bold.
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NRAS KRAS BRAF MAP2K1 PIK3CA Other Pvalue
n=9 n==6 n=273 n=11 n=3 n=3_§
Coated aorta, n (%) 5 0 84 5 1 1 ns
(55.6) 0.0 (32.3) (45.5) (33.3) (12.5)
Peri-myocardial formations?, n (%) 1 1 65 1 0 1 ns
(11.1) (16.7) (24.6) 9.1) (0.0) (12.5)
Pericardial involvement, n (%) 0 2 51 1 0 2 ns
(0.0 (333) (19.6) 9.1) (0.0) (25.0)
Cerebral parenchymal involvement, 7 (%) 2 0 115 1 1 0 0.008
(22.2) (0.0) (42.1) (9.1)* (33.3) (0.0)
Pituitary involvement, 1 (%) 0 0 91 3 0 0 0.009
(0.0) (0.0) (33.3) (27.3) (0.0) (0.0)
Retro-orbital infiltration, 1 (%) 1 0 52 1 1 2 ns
(11.1) (0.0) (19) 9.1) (33.3) (25.0)
Pleural involvement, n (%) 4 2 25 1 0 3 0.002
(44.4)* (333) (92)* 9.1) (0.0) (37.5)
Peritoneal involvement, n (%) 2 0 24 4 0 2 0.01
(22.2) (0.0) (8.8) * (8.8)* (0.0) (25.0)
Xanthelasma lesions, n (%) 3 3 38 0 0 4 0.005
(33.3) (50.0) * (14.6) (0.0) (0.0) (50.0) *
Papulonodular lesions, 1 (%) 0 3 24 2 0 1 0.01
(0.0) (50.0) * 9.2) (18.2) (0.0) (12.5)

“Presence of at least one between myocardial, right atrium and atrio-ventricular junction infiltration.

*Categories for which there is a statistically significant difference. Statistically significant p-values are in bold.
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Date Electrolytes Pacing frequency adjustment (beats/min)

Potassium (mmol/L) Magnesium (mmol/L) Calcium (mmol/L)
January 2, 2022 35 NA 2.21 60
January 3, 2022 5.0 1.64 2.01 100
January 4, 2022 NA NA NA 90
January 5, 2022 NA NA NA 80
January 6, 2022 4.66 0.83 214 80
January 7, 2022 NA NA NA 70
January 11, 2022 4.99 0.67 2.40 70

NA, not available.
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No Ref. Age Sex CVD  Tumor ICls  IClscycles/days EF%  Pulse GC oIr Pacing  Outcome

1 (10) 63 M - Melanoma IP+NI 1/15 50 + INFI ™ Death

2 (10 65 F - Melanoma IP+NI - 1/12 73 - - - Death

3 (1) 68 M - Sarcoma IP+NI 1/14 35 + MYCO PP Improved

4 (12 63 M HIN  Melanoma NI 2721 N - - ™ Death

5 (13 6 M - oMM P 177 70 + - - Death

6 (14 76 F - Lung cancer NI 7/98 15 + NMIG+PLASHINFI  CRT-D  Improved

7 (15 69 F - Lungcancer NI 3/38 N + - ™ Improved!

8 (16 %M - Gastriccancer PE 2/35 N + VIG+PLAS+MTX TP Death!

9 (17 64 F - Globlastoma NI 2122 a7 + INFLLATGHMMF TP Improvedt

10 (18 73 M - Lung cancer PE 1/16 70 + - PP Improved!

11 (19 67 M - Melanoma IP+NI 1/16 20 + ATG PP Death

12 (0 67 F - Myeloma PE 1/16 30 - INFI - Death

13 @) 67 M HIN  Melanoma IP+NI 1/16 N + VG - Death
INFI

14 (2 33 M - Lymphoma NI 8/150 NM - MMF+MG - Death

15 (29) 70 F - Thymoma PE 116 N + PLAS PP Improved

16 (@4 81 M - Renalcancer  IPHNI  1/21 62 + PLAS ™ Death

17 (25) 8 M - Melanoma NI 1/22 N + INFI+MMF PP Death

18 (26) 48 F - Thymoma PE 113 45 + INFI PP Death

19 @1 6 M - Gastriccancer NI 1/24 NM + IVIG+PLAS ™ Death

20 (8 a7 F - Thymoma TO 1/28 NM + - ™ Improvedt

21 (9) 57 M - Renalcancer  IP+NI  1/12 50 + ABAT+MMF PP Improved

22 (30) 79 F - Melanoma IP+NI 2/25 NM NM - P Death

23 (1) 73 F - Melanoma NI 118 N - - PP Death

24 (32) 57 M - Lung cancer IP+NI 2/60 N + TCcz P Improved

25 (33 70 M HIN  Renalcancer  IP+NI  1/14 N + MMF+PLAS ™ Death

26 @4) 66 M - Lung cancer sl 2/25 N + MG PP Improved!

27 () 59 M - Renalcancer  IPHNI  1/21 N + IVIG+PLAS - Improved!

28 (36) 78 M CHD  Lungcancer IP+NI 1/15 45 - - - Death

29 @7) %M - Gastriccancer NI 12/240 10 + IVIG+PLAS ™ Death

30 ous 80 F - HNsCC PE 2/21 65 - - PP Improvedt

CVD, cardiovasculer disease; ICis, immune checkpointinhibitors; EF; ejection fraction; OIT, other immunosuppressive therapy; GC, glucocorticoids; M, male; ; femele; HTN, hypertension;
CMML, chronic myelomonocytic leukemia; HNSCC, head and neck squamous cellcancer; CHD, coronry heart disease; IP ipilmumab; NI, nivolumab; PE, pembrolizumaby; S1, sintiimab;
TO, toripalimab; INFY, inflximab; MMF; mycophenolate mofetii PLAS, plasmapheresis; IVIG, intravenous immunoglobuiins; MTX, methotrexate; ATG, anti-thymocyte globulin; ABAT,
abatacept; TR, temporary pacemaker; PP, permanent pacemaker; R, pacemaker; CRT-D, cardiac resynchronization therapy defibrillator; TCZ, tocilizumab; N, normal; NIV, not mention.
* Recovery to sinus rhythm from complete heart block.
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ATE
January 2018

EVENT

Endometrial biopsy after complaints of severe abdominal pain
and vaginal spotting

May 18, 2018

Laparoscopic hysterectomy with bilateral salpingo-
oophorectomy for staging purposes after abnormal endometrial
biopsy showing endometrial carcinoma

June 15, 2018

November 2018

Initiation of chemotherapy with Carboplatin and Paclitaxel as
well as vaginal brachytherapy for pathologically confirmed stage

1B high-grade undifferentiated endometrial carcinoma

Completion of chemo-radiation therapy; CT abdomen pelvis
showed no evidence of disease

February 2019

Initial diagnosis of atrial fibrillation after an evaluation of
sudden onset shortness of breath; started on anticoagulation

June 25, 2020

‘The patient initially noticed significant right leg swelling

July 8, 2020

Cardiology visit for evaluation of new-onset unilateral leg edema

July 31, 2020

Ultrasound examination of the right lower extremity showed
right external iliac vein compression, transthoracic
echocardiogram showed normal LVEF, left atrial enlargement,
and moderate mitral regurgitation

August 18, 2020

Right iliac vein venogram and right heart catheterization
performed

September 2, | Stent was placed in the right iliac vein to relieve the compression

2020

September 21, | Laparoscopy with lymph node biopsy confirmed cancer

2020 invasion in the wall of the right iliac vein and the right ureteral
wall

April 5,2023 | Ultrasonographic evaluation of the venous stent showed

patency.





OPS/images/fcvm-10-1115870/fcvm-10-1115870-g002.jpg





OPS/images/fcvm-10-1115870/fcvm-10-1115870-g001.jpg





OPS/images/fcvm-09-941967/fcvm-09-941967-g003.gif





OPS/images/fcvm-10-1115870/crossmark.jpg
(®) Check for updates.





OPS/images/fcvm-10-1103918/fcvm-10-1103918-g005.jpg





OPS/images/fcvm-10-1103918/fcvm-10-1103918-g004.jpg
+ Dist 552em
Dist 269cm






OPS/images/fcvm-10-1103918/fcvm-10-1103918-g003.jpg





OPS/images/fcvm-09-908287/fcvm-09-908287-g004.gif





OPS/images/fcvm-10-1130237/fcvm-10-1130237-g003.jpg





OPS/images/fcvm-09-941967/crossmark.jpg
(®) Check for updates





OPS/images/fcvm-09-941967/fcvm-09-941967-g001.gif





OPS/images/fcvm-09-941967/fcvm-09-941967-g002.gif





OPS/images/fcvm-09-908287/crossmark.jpg
@ Check for updates





OPS/images/fcvm-09-908287/fcvm-09-908287-g001.gif





OPS/images/fcvm-09-908287/fcvm-09-908287-g002.gif





OPS/images/fcvm-09-908287/fcvm-09-908287-g003.gif





OPS/images/fcvm-09-903354/fcvm-09-903354-t002.jpg
Authors Age, sex EGFR mt Heart Prior Osimertinib  Time to QTc Suspicious Tdp

diseases treatment response Tdp concomitant outcome
drugs
Baseline Tdp Tdp Tdp
occurr Terminated Discharge
Bain (22) 85, M L861Q + ND Gefitinib ND 6 months 484 ms 647 ms  631*/496 ms* ND Moxifloxacin  Improved
T790M
lkebe (23) 84, F Dell 9 None SRT PR 2months 467 ms 524 ms ND 464 ms ND Improved
Matsuura 60, F ND QT ND ND 2months 486 ms 532 ms ND 475 ms® General Improved
(24) prolongation anesthesia
without
syncope
Thiscase 68, F ND HTN, DB, AF, Lcotinib PR 2months 481 ms 515 ms 510 ms 528 ms Litsea Cubeba Improved
WI-IP

AR, atrial fibrillation; DB, diabetes; EGFR mt, epidermal growth factor receptor mutation; F, female; HTN, hypertension; M, male; ND, not documented; PR, partial response;
SR, stereotactic thoracic radiotherapy; TdP, torsade de pointes; VVI-IR a pacemaker (WVI, Medtronic, E10A1) implanted; *7 h after Tdp occurr, ¥91 h after Tap occurr,
$12 day after discharge.





