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Editorial on the Research Topic 


Case reports in radiation oncology: 2022


This Case Reports series of Frontiers in Oncology highlights unique cases of patients that present with an unexpected diagnosis, treatment outcome, or clinical course. The cases reported are either rare cases with typical features, frequent cases with atypical features, and cases with a convincing response to new treatments.

In Laurino et al., a literature review of radio-induced sarcomas (RIS) found in patients referred to the IRCCS CROB Centro di Riferimento Oncologico della Basilicata from January 2009 to May 2022 is presented. Amongst 186 patients with histologically proven soft tissue and bone sarcomas, seven patients received a histological diagnosis of secondary RIS. This review has shown that RIS represents a possible complication for long-survivor cancer patients.

In Amidon et al., a perfusion-weighted MRI (PWI) was performed in four patients with glioblastoma to create fractional tumor burden (FTB) maps to spatially distinguish active tumors from treatment-related effects. PWI was performed prior to re-resection on those who had undergone upfront pulsed low-dose-rate radiotherapy (pLDR) concurrent with temozolomide (TMZ) and who had radiographic suspicion for tumor progression at a median of 3 months (0–5 months or 0–143 days) post-pLDR. Pathologic diagnosis revealed treatment effect (n=2), a mixture of viable tumor and treatment effect (n=1), or viable tumor (n=1). In 3 of 4 cases, FTB maps were indicative of lesion volumes being comprised predominantly of treatment effect with enhancing tumor volumes comprised of a median of 6.8% vascular tumor (6.4–16.4%). This case series provides insight into the radiographic response to upfront pLDR and TMZ and the role for FTB mapping to distinguish tumor progression from treatment effect prior to redo-surgery and within 20 weeks post-radiation.

In Wu et al., the case of a 56-year-old woman with a mass on the right breast discovered in May 2015 is reported. The treatment by modified radical mastectomy and lymph node biopsy revealed that the tumor was a metaplastic squamous cell carcinoma with axillary lymph node metastasis. The following treatment was traditional adjuvant chemotherapy and radiotherapy. A recurrence in the right chest wall was found in May 2017, so the recurring lesion was resected, then the patient was given postoperative adjuvant radiotherapy and chemotherapy. In August 2019, new pulmonary and mediastinal lymph node metastases were found on the PET/CT examination. After 4 cycles of albumin paclitaxel plus cisplatin chemotherapy combined with nivolumab immunotherapy, the patient achieved complete response, then switched to nivolumab immune maintenance therapy. At the time of writing, no obvious recurring metastasis has been observed.

In Zhou et al., the first case of choroidal melanoma complicated with a macular hole and vitreous hemorrhage after stereotactic hypofractionated radiotherapy in Japan is reported. An 83-year-old male with choroidal melanoma was treated with stereotactic hypofractionated radiotherapy in January 2021. Five months later, a full-thickness macular hole developed, followed by an acute massive vitreous hemorrhage about 2 weeks later. Following confirmation of tumor regression, the patient underwent a pars plana vitrectomy and internal limiting membrane peeling. The macular hole was closed postoperatively, and the patient’s best-corrected visual acuity improved to 20/125. There was no evidence of intraocular tumor dissemination or distant metastases during follow-up. A systematic literature search only identified 10 previous cases of choroidal melanoma with a macular hole in eight reports worldwide, mainly in females. Most patients who underwent vitrectomy for complications after tumor regression achieved a good prognosis.

In Bentahila et al., the first case of second retreatment of a spinal metastasis initially irradiated with standard radiotherapy and stereotactic body radiation therapy (SBRT), who subsequently progressed with imaging-confirmed local tumor progression at the same level, is presented. After a third course of irradiation with SBRT, a complete response was achieved. After 8 months of follow-up, the patient remains free of local recurrence. A third course of vertebral irradiation for a recurrent vertebral metastasis could be used in a selected group of patients if an adequate dose is delivered to the target while observing critical tissue tolerance limits.

In Du et al., a machine learning (ML) model based on pre-treatment multimodal magnetic resonance imaging (MRI) radiomics and clinical risk factors for brain metastasis (BM) was developed and validated. In this study, 337 BM patients were included (247, 60, and 30 in the training set, internal validation set, and external validation set, respectively). Four clinical features and 223 radiomics features were selected using least absolute shrinkage and selection operator (LASSO) and Max-Relevance and Min-Redundancy (mRMR) filters. The ML model using the selected features and the support vector machine (SVM) classifier was used to predict the treatment response of BM patients to SRS therapy. In the training set, the SVM classifier that uses a combination of clinical and radiomics features demonstrates outstanding discriminative performance given the area under curve (AUC) (AUC=0.95, 95% CI: 0.93-0.97). Moreover, this model also achieves satisfactory results in the validation sets (AUC=0.95 in the internal validation set and AUC=0.93 in the external validation set), demonstrating excellent generalizability. This ML model enables a non-invasive prediction of the treatment response of BM patients receiving stereotactic radiosurgery (SRS) therapy, which can in turn assist neurologist and radiation oncologists in the development of more precise and individualized treatment plans for BM patients.
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Solitary fibrous tumor (SFT) is a rare spindle cell tumor, benign or low-grade malignant, with an extremely low possibility of occurrence of malignant solitary fibrous tumor (MSFT). Surgery is an effective way for treating SFT, but it is often difficult to resect completely due to a large size, with a high recurrence rate and mortality rate after operation. Additionally, SFT is relatively resistant to chemotherapy, and there is a lack of effective systemic drug treatment. These lead to certain difficulties in the treatment of SFT. We report a case of a rare MSFT in the pelvic cavity. With a history of recurrence after two surgeries, this patient underwent surgical removal combined with 125I seed implantation at our hospital in the context that the tumor could not be completely removed because it was large and adhered to surrounding tissues; after up to 43 months of progression-free survival (PFS), the patient underwent 125I seed implantation alone, and achieved a complete remission, with a PFS up to 35 months. 125I seed implantation can be a safe and effective treatment option for unresectable MSFT as well as a potential solution to repeated local recurrence.
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Introduction

Solitary fibrous tumor (SFT) is a rare spindle cell tumor originating from CD34-positive dendritic mesenchymal cells (1). It has three typical primary sites: the pleura, the meninges, and extrathoracic soft tissues (2), and can also occur at a wide variety of sites including the head and neck, extremities, kidneys, liver, prostate, adrenal glands, and skin and soft tissues (3–5). It usually affects middle-aged people (6). Generally, SFT, benign or low-grade malignant, behaves in a benign or borderline fashion, and in very rare cases, it can develop as a malignant tumor (7). For the treatment of SFT, surgery is an effective approach, but a complete resection often becomes difficult due to a large size of tumor, and postoperative relapse and death events become frequent; SFT is relatively resistant to chemotherapy, and thus there is a lack of effective systemic drugs, making the treatment further challenging. While previous literature has mostly focused on the imaging and molecular pathological features of SFT (8, 9), there are few reports on the adjuvant therapy for MSFT, and there is no treatment guideline for MSFT. 125I seeds, a radioactive material of brachytherapy, can be placed into tumors during surgery or under imaging guidance, and then continuously release low-energy gamma rays to destroy the DNA double strands of tumor cells. This approach can increase the radiation dose to the tumor target, and dramatically decrease the dose to surrounding normal tissues, showing great advantages of safety, minimal invasion, definite benefit, few complications, low level of radioactive contamination, and convenience for protection. In recent years, it has been used for treating solid tumors at various sites and has achieved good performance (10–13). We report a case of MSFT undergoing 125I seed implantation and attaining a good therapeutic effect, and we have yet to find such reports in China and abroad.



Case report

A 57-year-old women was first admitted to our hospital on June 29, 2015, complaining that she had undergone surgery for pelvic masses 7 years before admission and had experienced a recurrence 1 year before admission. In 2008, the patient initially presented with irregular vaginal bleeding; her gynecological ultrasound suggested multiple uterine fibroids, and her pelvic magnetic resonance imaging displayed abnormal signal intensity in the left wall of the cervix. In September 2008, she underwent total hysterectomy and removal of the tumor between the vagina and bladder; postoperative pathology demonstrated multiple uterine fibroids and vaginal fibroma. At the beginning of 2014, the patient felt distension in the lower abdomen, with multiple pelvic masses on computed tomography (CT). On April 8, 2014, she underwent pelvic mass resection; postoperative pathology showed a borderline or low-grade malignant spindle cell tumor, consistent with SFT, and the immunohistochemistry results were as follows: Ki-67 (5% positive), Bcl-2 (-), Desmin (-), SMA (-), DOG-1 (-), CD68 (-), CD117 (-), S-100 (-), CD34 (blood vessels +), CD99 (+), and Calretinin (-). Two months later, her CT displayed a walnut-size mass each under the abdominal wall and in the vaginal stump, with no specific treatment. On June 29, 2015, the patient visited our hospital and had abdominal and pelvic CT examination, which indicated multiple space-occupying lesions in the abdominal wall and pelvic cavity (Figure 1). On July 7, 2015, she underwent exploratory laparotomy under general anesthesia; the tumors were distributed in the right wall of the abdomen, in the left pelvic cavity, near the right iliac vessels, and behind the bladder; considering the large size of tumors as well as adhesion between the abdominal wall tumor and the small intestine and between the pelvic tumors and iliac vessels, the tumors could not be resected completely, so in addition to removal of the tumors in the abdominal wall and pelvic cavity. Postoperative microscopic observation: the tumor cells were spindle with unclear boundaries and diffuse hyperplasia, with large, fusiform, round or oval nuclei, pathological mitosis of 5 per 10HPF, intercellular collagen fibers, scattered lymphocytes, bleeding and necrosis, and small vascular hyperplasia. Postoperative pathology showed recurrent solitary fibrous tumor, considered low-grade malignancy, and the immunohistochemistry results were as follows:CD99 (Weak +), CD34 (blood vessels+), SMA (-), Bcl-2 (+), Vimentin(+), Wide CK(-), S-100(-), Desmin(-), CR(-), MC(-), Ki-67 (10% positive) (Figures 2A–C).125I seed implantation was performed, in which 30 seeds (0.3 mCi) were implanted into the tumor bed near the right iliac vessels, with D90 of 62.0 Gy, and 32 seeds (0.5 mCi) into the tumor bed of the left pelvic cavity, with D90 of 58.0 Gy; the operation was smooth, and postoperative pathology came back as a recurrent low-grade MSFT. In August 2015, a residual tumor was observed on CT in the posterior wall of the bladder. On August 27, 2015, under the guidance of CT, 50 125I seeds (0.3 mCi) were placed percutaneously into the tumor in the left posterior wall of the bladder, with D90 of 64.8 Gy measured post implant. On September 21, 2015, under CT guidance, 28 125I seeds (0.3 mCi) were implanted into the tumor in the right posterior wall of the bladder, with D90 of 49.7 Gy measured post implant. Dose-volume histogram parameters were applied for the evaluation of target volume and organs at risk (OARs).The patient’s regular examinations after implants revealed a complete remission (Figure 3). No major complication (fever, hemorrhage, bone marrow suppression, liver/kidney dysfunction, skin/mucosal radiation reaction, radiation enteritis, or cystitis) was observed during our follow-up period. No seeds migrated to other tissues or organs.




Figure 1 | (A) and (B) were abdominal wall tumor(7×5×8 cm), left pelvic tumor(5.5×3.5×7 cm) and right iliac paravascular tumor(8.5×3×5 cm) before treatment, while (C) and (D) were left pelvic and right iliac paravascular tumors without recurrence 43 months after surgery+125I seed implantation.






Figure 2 | (A):hypercellular areas(HE ×100). (B):hypercellular area with atypical nuclei and some evident mitotic figures(HE ×200). (C):Tumor cells are diffusely positive for CD99(IHC×200). (D):Tumor cells are diffusely positive for STAT6 (IHC ×100).






Figure 3 | (A) and (B) were behind bladder tumors before treatment with size of about 4×3×5.0 cm, 3.0×2.0×2.5cm respectively, and (C) and (D) were two years after 125I seed implantation.



In January 2016, CT showed that a tumor recurred in the abdominal wall, with a size of about 4.0×2.5×4.5 cm. On January 6, 2016, she underwent implantation of 29 125I seeds (0.4 mCi) into the wall tumor, with D90 of 77.8 Gy. Her regular examinations thereafter demonstrated a complete remission all the way until October 2018, when CT displayed recurrent tumors in the abdominal wall and pelvic cavity. On October 16, 2018, with the help of CT guidance, 54 125I seeds (0.5 mCi) were embedded into the SFT (5.0×3.0×5.0 cm) under the right side of the bladder, with D90 of 97.6 Gy; on October 23, 2018, 30 125I seeds (0.5 mCi) were embedded into the SFT (3.6×1.5×3.0 cm) in the abdominal wall, with D90 of 101.3 Gy. The patient achieved a complete remission, no complications were found, and the brachytherapy was well tolerated by the patient, The patient had no recurrence of abdominal and pelvic tumors during the 4-month follow-up (Figure 4).




Figure 4 | (A) was the recurrence of abdominal wall tumor with a size of about 4.0×2.5×4.5 cm before treatment in 2016/1, (B) was 6 months after 125I seed implantation, (C) was the recurrence of abdominal wall tumor(3.6×1.5×3.0 cm) and behind bladder tumors(5.0×3.0×5.0 cm) before treatment in 2018/10, (D) was 4 months after 125I seed implantation.





Discussion

The diagnosis of SFT mainly depends on the pathologic features and immunophenotypes. Histologically the tumor was composed of abundant and dense cells, which were separated by rope like collagenous fibrous stroma. The tumor cells were spindle to short-spindle shaped with marked nuclear atypia and increased mitotic activity. The tumor cells arranged in fascicular or swirl pattern. In focal areas, hemangiopericytoma-like structure, coagulative necrosis, focal hemorrhage and invasive margin were presented. MSFT is usually grossly indistinguishable from conventional forms, but it may also show a more irregular cut surface, with evidences of necrotic areas or infiltration of the nearest tissues (14). Immunohistochemistry plays a pivotal role in differentiating SFTs from other spindle cell mesenchymal tumors. SFTs are immunoreactive to Vimentin, CD34, CD99 and bcl-2 and they are negative for actin, desmin (in smooth muscle tumors), keratin and CD117 (in GISTs) (15, 16). Recently, the discovery of the NAB2-STAT6 fusion gene in SFT led to development of a STAT6 antibody that is a reliable immunohistochemical marker with a high level of sensitivity and specificity. Therefore, nuclear expression of STAT6 is currently the most useful marker (17).In this case, we do not perform STAT6 immunohistochemistry initially, because the marker was not widely used at that time. But some years later, we perform STAT6 immunohistochemistry and the diffuse STAT6 nuclear positivity further confirmed the diagnosis (Figure 2D). SFT is mostly benign. Malignant transformation may also occur within histologically benign SFTs even after several years of diagnosis (18). The diagnosis of malignant solitary fibrous tumors in the 2020 edition of WHO soft tissue pathology classification continues to follow the previous criteria (19), mainly including: (1) The presence of high cellularity;(2) Cellular pleomorphism; (3) high mitotic count, usually more than 4/10HPF; (4) neoplastic necrosis. The case met the diagnostic criteria of MSFT.

Generally, the most effective treatment for SFT is surgical resection. However, in most cases, when patients feel discomfort and visit doctors, tumors have grown to large masses — beginning to press on adjacent organs to produce the warning symptoms — and there are usually abundant blood vessels and collateral circulation around the tumors, often making surgery difficult. Relevant literature has shown that patients with benign SFT undergoing surgical removal have a median 10-year overall survival rate of 54%-89% (20–23), and 20%-30% of the patients will experience local recurrence or metastasis. Reoperation can be considered in some patients with advanced SFT, but the recurrence rate and mortality rate are still very high. SFT is generally insensitive to chemotherapy, and sensitive to only a few chemotherapy drugs, according to European and American studies. Therefore, it is important to find a safe and effective treatment approach based on the characteristics of SFT. We report our application of 125I seed implantation in MSFT, providing a novel solution to the treatment of the disease.

This patient was initially diagnosed with SFT in 2014 and then underwent tumor removal, but relapsed just two months later. In July 2015, surgical resection alone was performed on the tumor in the abdominal wall, and the tumor recurred in the abdominal wall six months later. While surgery alone failed to improve the outcome, surgical removal combined with 125I seed implantation for the tumors in the left pelvic cavity and near the right iliac vessels showed a surprising benefit: the patient attained a complete remission, and no relapse was observed as of the end of follow-up, with a PFS of 43 months (Table 1). 125I seed implantation alone for the tumor behind the bladder continued to work: a complete remission was achieved, with a PFS of 35 months (Table 1). The PFS of 43 months and 35 months after seed implantation was far longer than the PFS of 2 months and 6 months after surgery alone. Seed implantation-yielded PFS in this case also showed notable superiority compared with the data of systemic drugs from previous research. Levard et al. described that the median PFS with doxorubicin alone and combined with ifosfamide was 4.0 months and 6.7 months, respectively (24). Park et al. evaluated the efficacy of temozolomide combined with bevacizumab in 14 patients with advanced SFT, and the median PFS was 10.8 months (25). A phase II clinical trial of sorafenib for treating five cases of advanced SFT showed a median PFS of 178 days (about 5.9 months) (26). Compared with surgery, seed implantation is more minimally invasive, and patients can recover more quickly; and it can be repeatedly performed if necessary. Patients have better tolerance to 125I seeds than to chemotherapy, which often causes severe side effects. Moreover, seed implantation costs less than chemotherapy and targeted drug therapy. However, seed implantation is a local therapy. If there is widespread metastasis, a combination of seed implantation and chemotherapy or targeted drug therapy may be a possible solution.


Table 1 | The characteristics of treatment methods and efficacy.



In this report, the patient experienced repeated recurrence after surgery, but benefited from 125I seed implantation, which supports seed implantation as a potential solution to repeated local recurrence. As MSFT is very rare, there has been no more research than case reports, not to mention clinical randomized controlled trials. Our report could provide a reference for the treatment of MSFT.
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We report a rare case of spontaneous biliary pleural fistula in a patient whose diagnosis was aided by the use of near-infrared I/II fluorescence imaging. When both 99mTc-mebrofenin hepatobiliary scintigraphy and CT examination were diagnostically difficult, we found strong fluorescent signals in the patient’s pleural drainage fluid and sputum using NIR I/II fluorescence imaging, and therefore diagnosed the patient with a biliary pleural fistula. This provides a safe and effective test for diagnosing biliary pleural fistulas.
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Introduction

Biliary pleural fistula is a pathological traffic between the biliary system and the pleura, through which bile enters the pleural cavity and travels as a biliary pleural effusion, and is one of the serious complications of biliary disease (1). Because of its insidious symptoms and clinical rarity, it is highly susceptible to misdiagnosis and underdiagnosis, and its mortality rate may exceed 50% (2). The main causes of biliary pleural fistulae are amoebic liver abscess, hepatic peritonitis, post-radiofrequency ablation, trauma, post-pneumonectomy, and complications after hepatectomy (3, 4). The common tests currently used for biliary pleural fistula include 99mTc-mebrofenin hepatobiliary scintigraphy, cholangiography, CT of the chest and abdomen, and MRCP (5–7). However, cholangiography may trigger risks such as cholangitis and radiation in patients. CT and MRCP have low diagnostic efficacy for microfistulae and are highly likely to be missed (8).

Near-infrared window I (NIR-I, 700-900 nm) fluorescence imaging has good spatial and temporal resolution and has been widely used in clinical applications such as: real-time intraoperative fluorescence navigation and diagnostic imaging (9). Near Infrared Window II (NIR-II, 1000-1700 nm) fluorescence imaging offers better imaging quality and its sensitivity is higher (10). Indocyanine green is widely used in the preoperative assessment of liver function. It is first bound to plasma proteins in the blood, then taken up by the parenchymal cells of the liver and finally excreted from the biliary system via the bile (10, 11).

However, so far, there is no research on the near-infrared window region I/II fluorescence technique for diagnosing biliary pleural fistula. Therefore, this study aimed to evaluate the feasibility and effectiveness of the near-infrared window region I/II fluorescence technique in the diagnosis of biliary pleural fistula.



Case report

A 53-year-old female was admitted to the hospital on 18/08/2021 with “yellowish staining of the skin and sclera with dyspnea after activity for 20+ days”. Past history: 9+ years ago, he underwent the combined splenectomy with left lobe resection of the liver for calculus of bile duct and 1+ years ago, he underwent endo scopic haemostasis for cirrhosis with ruptured oesophagogastric fundic varices. The patient presented two days after admission with worsening dyspnea and coughing up of yellowish-brown sputum. The patient’s serum bilirubin was 316 umol/L, and the thoracentesis showed yellow-green pleural effusion, and the pleural effusion examination showed a mildly elevated bilirubin level of 76 umol/L. The patient was then suspected of having a possible biliary pleural fistula. Therefore, CT examination (Figure 1) and 99mTc-mebrofenin hepatobiliary scintigraphy (Figure 2) were performed and no significant fistulae were found. Indocyanine green (0.5mg/kg) was then injected intravenously and the patient waited for 24 hours. Pleural effusion and sputum were collected again and the presence of fluorescent signals in them was detected using a near-infrared I-region fluorescence imaging system provided by the Beijing Key Laboratory of Molecular Imaging (Digital Precision Medicine). Interestingly, we can clearly observe a strong fluorescent signal in both pleural effusion and sputum (Figure 3). Also, we found strong fluorescent signals in pleural effusions and sputum using near-infrared region II fluorescence imaging (Figure 4). Therefore, the patient was considered to be diagnosed with a biliary pleural fistula. We recommend that the patient is dissected for a definitive diagnosis of a biliopleural fistula and that a repair of the fistula hole is performed if available. Unfortunately, after assessment of the patient’s general condition and multidisciplinary consultation and discussion, it was concluded that the patient’s current poor general underlying condition, with liver failure, severe lung infection and severe morphological deformation of the liver, made surgical treatment an extremely high risk and endoscopic nasobiliary drainage (ENBD) treatment could be considered. After communication with the patient and his family, they refused to undergo further investigations and treatment due to the risks of surgery and financial reasons. After 20 days in hospital, the patient did not improve significantly and the sufferer chose to abandon treatment. The patient unfortunately passed away after 1 month of follow-up.




Figure 1 | CT examination: (A) patient with massive right pleural effusion and inflammatory lesions; (B) post-hepatectomy, post-splenectomy, severe liver deformation, intrahepatic bile duct stones and dilated intrahepatic bile ducts.






Figure 2 | 99mTc-mebrofenin hepatobiliary scintigraphy: (A, B) Impaired liver function and large right pleural effusion with no obvious developer distribution within it.






Figure 3 | Fluorescence imaging in the NIR I region: (A) strong fluorescent signal seen in pleural effusion; (B) strong fluorescent signal seen in sputum.






Figure 4 | NIR region II fluorescence images: (A) strong fluorescent signal in pleural effusion; (B) strong fluorescent signal in sputum.





Discussion

Fluorescence imaging following intravenous injection of ICG has already been used widely for cholangiography (12). Compared with the first near-infrared (NIR-I) optical window (650-950 nm), the fluorescence imaging of the second near-infrared optical window (NIR-II, 950-1700 nm) has better tissue penetration, with facilitates in vivo deep tissue imaging and real-time localization of tumors (13). NIR II imaging is widely used in surgery, such as real-time guided liver cancer resection, lung tumor resection, lymph node dissection, photothermal therapy, etc (10). It has good application prospects.

In this case, we consider a spontaneous biliary pleural fistula caused by a long-term diffuse intra- and extra-hepatic bile duct stone causing biliary obstruction, which raised the biliary pressure and then formed a leak of hepatic peritoneum into the thoracic cavity. The biliary pleural fistula in this patient may be very small, so neither the 99mTc-mebrofenin hepatobiliary scintigraphy nor CT examination found the existence of the patient’s fistula. At the same time, the bilirubin level in the patient’s pleural effusion was only slightly elevated and did not reach the level (triple) for diagnosing bile leakage (14). Therefore, it is difficult to judge whether it is a biliary pleural fistula from the color and nature of the pleural effusion. We considered arranging a cholangiogram to definitively diagnose a biliopleural fistula. However, the patient declined to undergo cholangiography due to his poor general underlying condition. It is currently difficult to diagnose this patient with a biliary pleural fistula. At this time, there is a great need to find a new and safe method to aid in the diagnosis of biliary pleural fistula. One study reported the successful application of ICG fluorescence technique for the diagnosis of biliary leakage during hepatectomy (15). Therefore, for the first time, we successfully assisted in the diagnosis of the presence of bile in both the pleural fluid and sputum of this patient using near-infrared region I/II fluorescence imaging based on the metabolic characteristics of ICG. In the patient’s pleural fluid and sputum, we can clearly observe the presence of strong fluorescent signals. It shows that NIR region I/II fluorescence imaging is highly sensitive and that it is very easy and safe to use. Furthermore, NIR Region I/II fluorescence imaging avoids the risk of exposing the patient to radiation and allows for diagnosis through a non-invasive approach. This provides another new way to diagnose biliary pleural fistulas.

However, the location of the fistula in the abdominal cavity is difficult to detect due to the weak penetration of NIR region I/II fluorescence imaging. In the future, if ICG fluorescence and 99mTc-mebrofenin hepatobiliary scintigraphy are combined, this will further improve the diagnosis of biliopleural fistulas.

Near-infrared region I/II fluorescence imaging is a new method for the diagnosis of biliary pleural fistulas, which has the advantage of being safe, convenient and sensitive. It has very promising applications in the future to assist in the diagnosis of biliary pleural fistulae.
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Background

Epithelial–myoepithelial carcinoma (EMCa) is a rare low-grade malignant tumor that most commonly occurs in the salivary glands, with approximately 320 cases having been reported worldwide. Here, we report the third case of EMCa occurring in the nasopharynx. Rare cases in the breast, pituitary gland, lacrimal gland, nose, paranasal sinus, nasal cavity, trachea and bronchus, lung, and even the pleura mediastinalis have also been reported. Histopathology and immunohistochemistry are useful for confirming the diagnosis of EMCa, which is characterized by biphasic tubular structures composed of inner ductal and outer clear myoepithelial cells and stains for different markers in each layer. However, because of the rarity of EMCa, the clinicopathological characteristics and treatment of these patients remain unclear.



Case presentation

We report a rare case of EMCa of the nasopharynx. A 51-year-old man presented with a 5-month history of pain while swallowing and aggravation accompanied by right ear tinnitus lasting for 1 month. Nasopharyngoscopy and magnetic resonance imaging (MRI) of the nasopharynx and neck revealed a 5.6 cm × 3.4 cm × 3.1 cm mass in the nasopharyngeal space, invasion of the right cavernous sinus, and lymph node enlargement in the right retropharyngeal space. On 17 April 2019, based on the histopathological and immunohistochemical features, a final diagnosis of EMCa of the right nasopharynx was made. The patient underwent concurrent chemoradiotherapy (CCRT), and his symptoms were relieved after treatment. On 10 January 2022, nasopharynx MRI and biopsy revealed local recurrence, but chest and abdominal computed tomography (CT) showed no obvious signs of metastasis. The local recurrence-free survival (LRFS) period was 33 months.



Conclusion

To the best of our knowledge, this is the third reported case of EMCa in the nasopharynx and the only case of EMCa in the nasopharynx treated with CCRT, and a partial response was achieved. Therefore, to improve the quality of life and prognosis of patients with unresectable tumors, we believe that CCRT is a suitable option. Further clinical observations are required to elucidate the pathophysiology and prognosis of EMCa.





Keywords: epithelial–myoepithelial carcinoma, nasopharynx, immunohistochemistry, concurrent chemoradiotherapy, case report



Background

Epithelial–myoepithelial carcinoma (EMCa) is a rare low-grade malignant epithelial neoplasm composed of variable proportions of ductular cells with large, clear cytoplasmic myoepithelial cells arranged around the periphery of the ducts (1–4). EMCa predominantly arises from the parotid gland, accounting for less than 1% of all salivary gland tumors and approximately 2% of malignant salivary gland neoplasms (3–12). Of all the types of nasopharyngeal malignancies treated at our center, the incidence of EMCa is 1/315 (0.3%) as of 2021. This tumor can occur in unusual sites, such as the breast (13–15), pituitary gland (16), paranasal sinus (9, 17, 18), lacrimal gland (19–22), nasal cavity (1, 3, 6, 23–25), trachea and bronchus (26, 27), lung (28–34), nasopharynx (4, 5), and even the pleura mediastinalis (35). EMCa was first reported by Donath in 1972, and 8 patients have been reported with a salivary gland tumor that was termed EMCa (36). However, it was described in the literature as early as 1956 (2, 7, 37). Only approximately 320 cases have been reported thus far (2, 11, 38). The domestic and foreign literature mostly consist of case reports, with two cases of nasopharyngeal EMCa being reported by Imate et al. in 2000 (5) and Kim et al. in 2015 (4). Here, we report the third case of EMCa of the nasopharynx in a 51-year-old man who was treated with concurrent chemoradiotherapy (CCRT).



Case presentation

On 14 April 2019, a 51-year-old man presented with a 5-month history of pain while swallowing and aggravation accompanied by right ear tinnitus lasting for 1 month. He was admitted to the otolaryngology department of our hospital. Nasopharyngoscopy revealed a mass on the right nasopharyngeal wall, and a partial tissue sample was obtained via biopsy. Magnetic resonance imaging (MRI) of the nasopharynx and neck on 15 April 2019 revealed a 5.6 cm × 3.4 cm × 3.1 cm mass within the right parietal and lateral walls of the nasopharynx, accompanied by skull base bone erosion, and invasion of the oropharyngeal lateral wall and right parapharyngeal space, the right medial pterygoid muscle and musculus longus capitis, and the cavernous sinus and the posterior nostril. Simultaneously, lymph node enlargement was found in the right retropharyngeal space (Figure 1). A final diagnosis of EMCa was made based on the histological and immunohistochemical (IHC) features of nasopharyngeal biopsy on 17 April 2019. Hematoxylin and eosin staining showed a classical biphasic pattern with typical epithelial cells and myoepithelial cells (Figure 2) without nerve invasion or vascular cancer embolus. The patient was transferred to our department for further treatment. The tumor was staged as IVa (cT4N1M0) according to the 8th edition of the AJCC staging system (39).




Figure 1 | Nasopharynx and neck MRI findings from 15 April 2019. (A–D) The axial planes of T1-weighted, enhanced T1-weighted, T2-weighted, and diffusion-weighted imaging (DWI) MRI of the nasopharynx, showing a 5.6 cm × 3.4 cm × 3.1 cm mass within the right parietal and lateral walls of the nasopharynx, accompanied by skull base bone invasion, invasion of the oropharyngeal lateral wall and right parapharyngeal space, the right medial pterygoid muscle, and the musculus longus capitis. (E, F) The axial planes of enhanced T1-weighted DWI MRI revealed enlargement of the right retropharyngeal lymph node. (G) The coronal plane of enhanced T1-weighted imaging showed tumor involvement with the cavernous sinus.






Figure 2 | Pathological findings of the nasopharyngeal biopsy obtained on 17 April 2019. The EMCa of the nasopharynx was mainly composed of an inner layer of epithelial cells and an outer layer of clear cytoplasmic myoepithelial cells. H&E staining; magnification, ×10 (A) and ×40 (B). EMCa, epithelial–myoepithelial carcinoma; H&E, hematoxylin and eosin.





Treatment and outcomes

The patient received CCRT in our department. Target volumes were delineated according to the consensus (40), and intensity-modulated radiation therapy (IMRT) was performed from 24 April 2019 to 10 June 2019. Over a total of 33 fractions, a dose of 7,000 cGy was delivered to the tumor, and a dose of 6,800 cGy was delivered to the metastatic lymph node in the right retropharyngeal space; the dose delivered to high-risk regions was 6,006 cGy, referred to as clinical target volume 1 (CTV1), and the dose delivered to low-risk regions was 5,775 cGy, referred to as CTV2. During radiation therapy, 80 mg/m2 cisplatin was administered every 3 weeks for up to 3 cycles. On 29 July 2019, 1.5 months after the end of treatment, nasopharynx and neck MRI revealed that the nasopharyngeal lesions on the right side had shrunk significantly, but there was a 4.8 cm × 3.0 cm × 2.7 cm residual area of low signal and no enhancement, which suggested necrosis (Figure 3). In September 2019, the patient suffered from massive nasopharyngeal hemorrhage at home, which improved after receiving symptomatic treatment such as hemostasis in a local hospital. Then, follow-up of the patient became irregular. On 7 July 2020, 1 year after the end of treatment, nasopharynx and neck MRI revealed that the nasopharyngeal lesions had subsided significantly, but there was still an area of inhomogeneous residual enhancement of the right nasopharynx and parapharyngeal space (Figure 4). The residual area of inhomogeneous enhancement had shrunk to a smaller size, and there were no obvious signs of recurrence or metastasis on reexamination on 27 April 2021 (Figure 5). The patient’s pain while swallowing was completely relieved, and his symptoms of right tinnitus were partially relieved. On 10 January 2022, the patient was examined at our department, and nasopharynx and neck MRI revealed that the nasopharyngeal enhancement area was more obvious than before, which was considered recurrence (Figure 6). Chest and abdominal computed tomography (CT) showed no obvious signs of metastasis. Nasopharyngeal biopsy was performed that same day, and the pathological (Figure 7) and IHC findings on 18 January 2022 suggested EMCa recurrence of the nasopharynx. In summary, the follow-up at 33 months revealed recurrence but no distant metastasis.




Figure 3 | Nasopharynx and neck MRI findings from 29 July 2019. (A–D) The axial planes of T1-weighted, enhanced T1-weighted, T2-weighted, and DWI and (E) the coronal plane of enhanced T1-weighted MRI, showing that the nasopharyngeal lesions on the right side subsided significantly, but there was a 4.8 cm × 3.0 cm × 2.7 cm residual area of low signal and no enhancement, which suggested necrosis.






Figure 4 | Nasopharynx and neck MRI findings from 7 July 2020. (A–D) The axial planes of T1-weighted, enhanced T1-weighted, T2-weighted, and DWI and (E) the coronal plane of enhanced T1-weighted MRI, showing that the nasopharyngeal lesions and the necrotic area had subsided significantly. However, there was still a residual area of inhomogeneous enhancement in the right nasopharynx and parapharyngeal space, demonstrating restricted diffusion on DWI.






Figure 5 | Nasopharynx and neck MRI findings from 27 April 2021. (A–D) The axial planes of T1-weighted, enhanced T1-weighted, T2-weighted, and DWI and (E) the coronal plane of enhanced T1-weighted MRI, showing that the residual area of inhomogeneous enhancement had shrunk.






Figure 6 | Nasopharynx and neck MRI findings from 10 January 2022. (A–D) The axial planes of T1-weighted, enhanced T1-weighted, T2-weighted, and DWI and (E) the coronal plane of enhanced T1-weighted MRI, showing an area of enhancement in the right nasopharyngeal and parapharyngeal space. DWI demonstrated slightly restricted diffusion, which was considered indicative of recurrence.






Figure 7 | Pathological findings of the nasopharyngeal biopsy obtained on 12 January 2022. Nasopharyngeal EMCa recurrence was considered. H&E staining; magnification, ×4. EMCa, epithelial–myoepithelial carcinoma; H&E, hematoxylin and eosin.





IHC findings

On 17 April 2019, at first admission, IHC staining revealed that cytokeratin (CK) was widely positive, and the inner epithelial cells were positive for CK7, an epithelial cell marker. The outer myoepithelial cells were positive for P63, smooth muscle actin (SMA) and vimentin (VIM), consistent with a myoepithelial phenotype, confirming the diagnosis of EMCa. Epidermal growth factor receptor (EGFR) and CD117 staining was also positive, while S-100, actin, and glial fibrillary acidic protein (GFAP) staining was negative. The expression of programmed death ligand-1 (PD-L1) was less than 1% in tumor cells and 10% in stromal cells. The expression of MLH1, MSH2, MSH6, and PMS2 and all four mismatch repair (MMR) proteins was positive, which was interpreted as proficient mismatch repair (pMMR). Ki-67 was positive in 35% of the neoplastic cells (Figure 8).




Figure 8 | Immunohistochemistry test results of the nasopharyngeal biopsy obtained on 17 April 2019. (A) CK7 positivity was observed in epithelial cells. (B–D) P63, SMA, and VIM positivity was observed in myoepithelial cells. (E–G) CK, EGFR, and CD117 positivity was observed in tumor cells. (H) Ki-67 positivity was observed in 35% of the tumor cells. (I–L) MLH1, MSH2, MSH6, and PMS2 positivity was observed in tumor cells. (M–O) Actin, GFAP, and S-100 negativity was observed in tumor cells. (P) PD-L1 positivity was observed in less than 1% of tumor cells and in 10% of stromal cells (magnification, ×10). CK, cytokeratin; SMA, smooth muscle actin; VIM, vimentin; EGFR, epidermal growth factor receptor; GFAP, glial fibrillary acidic protein; PD-L1, programmed death ligand-1.



On 18 January 2022, at the second admission, IHC staining revealed that CK was wildly positive, and the inner epithelial cells were positive for CK7. The outer myoepithelial cells were positive for P63, SMA, and VIM. S-100 was positive in some cells, and CK5/6 was positive in most cells. Ki-67 was positive in 15% of the neoplastic cells (Figure 9). The IHC results of the inner epithelial cells and the outer myoepithelial cells are summarized in Table 1.




Figure 9 | Immunohistochemistry test results of the nasopharyngeal biopsy obtained on 18 January 2022. (A) CK7 positivity was observed in epithelial cells. (B–D) P63, SMA, and VIM positivity was observed in myoepithelial cells. (E–G) CK, CK5/6, and S-100 positivity was observed in tumor cells. (H) Ki-67 positivity was observed in 15% of tumor cells (magnification, ×4). CK, cytokeratin; SMA, smooth muscle actin; VIM, vimentin.




Table 1 | Immunohistochemistry findings from 17 April 2019 and 18 January 2022.





Discussion

EMCa is a rare and unique tumor that most commonly occurs in the salivary glands (7, 11, 12). The average age at diagnosis is approximately 60 years old, and the incidence is higher in women than in men, with a ratio of 1.34-2:1 (2, 7). These tumors have a propensity for infiltration but low malignancy (4). Thus, they invade nerves, blood vessels, and bone, and local recurrence is often observed (0–56%) (5), but the mortality rate is low (11). The mean times to recurrence and metastases are 5 years (41) and 15 years (42), respectively. The median disease-free survival (DFS) time is 11.34 years, and the 5- and 10-year disease-specific survival (DSS) rates are 93.5% and 81.8%, respectively (2). Factors associated with overall survival include the following: tumor size < 4 cm, absence of regional nodal or distant metastases, patient age < 80 years at diagnosis, surgical treatment, and Ki-67 index less than 3.5% (7, 10, 43, 44). Age younger than 80 years was the only factor associated with a good prognosis in the case reported herein. Clinical manifestations of EMCa are usually nonspecific and can vary depending on the site of origin and extent of the tumor (10). Tumors involving the nasopharynx may cause symptoms such as nose blockage, epistaxis, tinnitus, hearing loss and pain in the ear (4, 5). In our case, the patient presented with pain while swallowing and tinnitus, for which the main cause was the lesion occupying the surrounding tissues.

The confirmative diagnosis of EMCa depends on the histopathological and IHC results (11). EMCa exhibits a biphasic histological morphology, with the inner layer being a single layer of cubic sacral epithelial cells and the peripheral layer being composed of clear cytoplasmic myoepithelial cells, with a duct-like structure and infiltrating margins (7, 11). Compared with the low specificity of radiologic imaging, immunohistochemistry is useful for distinguishing EMCa, as it can depict the characteristic biphasic epithelial–myoepithelial phenotype and the differential staining of markers in each layer; thus, it plays a major role in the final diagnosis (2, 10). IHC staining of glandular epithelial markers such as CK, epithelial membrane antigen (EMA), and CD117 (11) and myoepithelial markers such as SMA, S-100 protein, Actin, VIM, CK14, GFAP and Calponin, and P63 is observed (45–47). Kawahara et al. suggested that P63 is an especially useful marker of myoepithelial cells with naked nuclei in EMCa (48). Nevertheless, studies have shown that VIM and calponin, especially the latter, are sensitive markers for salivary myoepithelial tumor cells. SMA and P63 are relatively less sensitive than calponin (11, 49, 50). In our case, we observed positive CK7 staining in the inner epithelial cells along with P63, SMA, and VIM in the outer myoepithelial cells.

There is currently no consensus regarding the optimal treatment of this disease, largely due to its rarity (24). For other malignant tumors of the head and neck (51), surgery is the preferred method (11). Studies have shown that the true survival benefit of radiotherapy is unclear (7), but others have argued that it may be effective at preventing local recurrence, particularly for neoplasms with a diameter larger than 4 cm (6, 24, 52). A recent study suggested that the complete remission (CR) rate could be improved by consecutive radiotherapy, and if tumors are deemed primarily unresectable, definitive radiotherapy may be used with or without chemotherapy (44). To the best of our knowledge, two cases of EMCa in the nasopharynx reported in the literature were treated by surgical resection (5), and another was treated with CCRT followed by systemic chemotherapy (4), which resulted in a partial response. In our case, due to the anatomical location and the clinical stage of the patient being locally advanced, the tumor was unresectable; thus, CCRT was suggested.



Conclusion

Although it is a low-grade malignancy, EMCa should be treated aggressively, as it has a tendency for both local recurrence and distant metastasis. Although the optimal treatment strategy for EMCa remains poorly defined due to its rarity, the present study reports the only case of EMCa in the nasopharynx treated with CCRT, and a partial response was achieved. Therefore, to improve the quality of life and prognosis of patients with unresectable tumors, we believe that CCRT is a suitable option. Further accumulation of cases and long-term follow-up data are needed to elucidate the pathophysiology and prognosis of epithelial–myoepithelial carcinoma.
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Background

Esophageal squamous cell carcinoma is the predominant subtype of esophageal cancer in China and so differs from presentations in Western countries. Common metastatic locations of esophageal cancer include the liver, lung, bone, and brain. In contrast, metastases in subcutaneous soft tissue are exceedingly rare.



Case presentation

We present the experience of a 57-year-old man with a complaint of hand and leg dysfunction on the right side. He had a past medical history of esophageal squamous cell carcinoma. Further imaging workup revealed a solitary brain metastasis, thickening of the esophageal wall, swollen lymph nodes in the mediastinum, and right adrenal gland metastasis. Gamma knife radiosurgery of the brain metastasis and intensity-modulated radiotherapy of the esophagus and lymph nodes were administered. After 1.5 months, he was admitted to our hospital again, and nodules were identified in the anterior abdominal wall and left posterior chest wall. Ultrasound, CT, and radical excision of the abdominal wall mass were undertaken and revealed metastatic squamous cell carcinoma with neuroendocrine differentiation. We administered immunotherapy followed by targeted therapy. A PET/CT scan was performed to identify other organ metastases; the scan revealed multiple areas of fluorodeoxyglucose uptake and foci in the esophagus, lung, liver, bone, and right adrenal gland; and in various lymph nodes. In addition, an intensely hypermetabolic lesion was localized in the left posterior thorax.



Conclusion

This case highlights the diagnosis and treatment of uncommon metastases of esophageal squamous cell carcinoma. We hope that our clinical experience provides insights into these uncommon metastases.
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Introduction

Esophageal cancer (EC) is the eighth most common cancer and the sixth most common cause of cancer-related mortality worldwide; in 2020, 604,100 new cases and 544,076 new deaths were recorded (1). The incidence and mortality of ES are more severe in China, where it is the sixth most common cancer and the fourth leading cause of cancer-related death, than in Western countries (2). Esophageal squamous cell carcinoma (ESCC) is the major type of EC in Asia; it accounts for 90% of ECs in the Asian population and differs from the presentation in Western countries (3). Although improvements in treatment via immunotherapy and targeted therapy have been achieved in recent years, the 5-year survival rate of EC remains poor (4). Locoregional recurrence and distant metastases remain the main failure patterns of ESCC after treatment (5, 6). According to a population-based study of EC, the liver is the most common metastatic organ, followed by the lung, bone, and brain (7). Here, we report one patient with subcutaneous soft tissue metastases after initial treatment.



Case presentation

A 57-year-old Chinese man with a past medical history of ESCC presented to our hospital with right side dysfunction of the hand and leg on December 28, 2020. After obtaining a detailed clinical history and reviewing the patient’s medical records, we learned that he was initially admitted to the hospital on May 11, 2019, and diagnosed with ESCC and right adrenal gland metastasis (cT3N1M1, stage IVB, according to the American Joint Committee on Cancer, 8th edition) (8). After that diagnosis, the patient was treated with multiple cycles of chemotherapy alone or combined with immunotherapy; treatments included docetaxel and cisplatin, gemcitabine, and cisplatin combined with nivolumab, and docetaxel and nedaplatin. During these treatment periods, the patient never underwent radiotherapy. After his presentation to our team, he underwent an MRI, which revealed a solitary brain metastasis located in the left side of the parietal lobe; subsequently, gamma knife radiosurgery was performed. Then, a CT scan was performed and showed thickening of the middle esophageal wall (maximum diameter of ~5 cm), swollen lymph nodes in the mediastinum, and a swollen nodule in the right adrenal gland. Laboratory tests showed an alanine aminotransferase level of 233 U/L and an aspartate aminotransferase level of 95 U/L. To exclude liver metastases, an abdominal MRI was performed; the imaging confirmed right adrenal metastasis. The diagnosis was updated to ESCC with mediastinal lymph node, brain, and right adrenal metastases (rT4bN1M1, stage IVB, according to the American Joint Committee on Cancer, 8th edition) (8). Because of the sizeable esophageal tumor and the abnormal liver function, we first administered local therapy instead of systemic therapy. The patient received intensity-modulated radiotherapy (IMRT) of the esophagus and lymph nodes with planning dose fractionation of 60 Gy in 30 fractions, five days a week. After the 26th treatment, however, the patient refused any additional radiotherapy.

On February 16, 2021, he was admitted to our hospital again. On physical examination, the patient was noted to have a painless 2-cm anterior abdominal wall swelling and a 2-cm swelling of the left posterior chest wall. The swollen skin did not have an abnormal color. An ultrasound scan demonstrated a 1.8×1.0×1.3 cm lesion along the left upper quadrant of the abdomen and a 1.9×1.2×1.5 cm lesion in the left posterior thorax (Figures 1A, B). All the lesions were within the superficial fascia and without dermal involvement. A CT scan confirmed the ultrasound diagnosis (Figures 1C, D) and showed a new finding of multiple lung metastases. On excision biopsy, the subcutaneous mass of the left abdomen proved to be metastatic ESCC (Figure 2A). The tumor cells were immunohistochemically positive for CK5/6 and P40, compatible with squamous cell carcinoma (Figures 2B, C). Moreover, the tumor cells were also positive for synaptophysin, which indicated neuroendocrine differentiation (Figure 2D). Because the MRI showed progression of the brain metastases, the patient again underwent gamma knife radiosurgery. The patient had previously received docetaxel combined with cisplatin and gemcitabine combined with cisplatin, so he was treated at this time with camrelizumab (200 mg on day 1) and anlotinib (12 mg on days 2–15). Because of progressive backache, a PET/CT scan was performed in March 10, 2021, to confirm whether other organ metastases had occurred; the scan revealed multiple areas of fluorodeoxyglucose uptake and foci in the esophagus, lung, liver, bone, and right adrenal gland, and in the lymph nodes in the mediastinum, abdomen, and bilateral axillary areas. In addition, an intensely hypermetabolic lesion was localized in the left posterior thorax (SUVmax=20.3) (Figures 3A, B). The last time the patient presented to our outpatient service was March 11, 2021, to obtain oxycodone hydrochloride sustained-release tablets; after this time, he was lost to follow-up.




Figure 1 | Ultrasound and CT scan of subcutaneous soft tissue metastases (A–D). (A) Ultrasound scan of subcutaneous soft tissue metastasis in the left upper quadrant of the abdomen. (B) Ultrasound scan of subcutaneous soft tissue metastasis in the left posterior thorax. (C) CT scan of subcutaneous soft tissue metastasis in the left upper quadrant of the abdomen (red arrow). (D) CT scan of subcutaneous soft tissue metastasis in the left posterior thorax (red arrow).






Figure 2 | Biopsy of subcutaneous soft tissue metastasis in the left upper quadrant of the abdomen. (A–D). (A) Squamous cell carcinoma is observed, which infiltrates the adipose tissue. Atypical epithelioid cells are observed in fibro tissue, muscle tissue and adipose tissue. (hematoxylin and eosin, original magnification × 200). (B) Positive CK5/6 immunohistochemical staining in a membranous distribution on the tumor cells (brown) (hematoxylin and eosin, original magnification × 200). (C) Positive P40 immunohistochemical staining (brown) (hematoxylin and eosin, original magnification × 200). (D) Positive synaptophysin immunohistochemical staining in a membranous distribution on the tumor cells (brown) (hematoxylin and eosin, original magnification × 200).






Figure 3 | PET/CT scan of subcutaneous soft tissue metastasis in the left posterior thorax. (A, B). (A) Maximum intensity projection (MIP) image of the whole body demonstrates a large FDG avid nodule in the left thorax (red arrow). (B) Fused PET/CT and CT axial image demonstrates a large FDG avid nodule in the left posterior thorax (SUVmax=20.3) (red arrow).





Discussion

The liver, lungs, bone, and brain are the top four locations for distant metastases of EC (7). Dissemination to subcutaneous soft tissue is a conspicuous rarity. According to a large, retrospective study of 1341 patients with EC, only 25 (1.9%) had metastases to soft tissue, including skeletal muscles and/or subcutaneous fat, among whom seven patients harbored subcutaneous fat metastases (9).

A PubMed search of the English-language literature that reported subcutaneous soft tissue metastases is summarized in Table 1. Most patients in these reports had subcutaneous soft tissue metastases located in the chest wall or abdominal wall, which is in accordance with our case report. A large, retrospective study also confirmed this conclusion and suggested that the top four soft tissue metastases are the abdominal wall followed by the back, thigh, and chest wall (16). Soft tissue metastases are rare because of local soft tissue pH, temperature, and metabolite accumulation (9). We speculate that a specific microenvironment probably existed to facilitate the EC cell settlement into the soft tissue; however, the mechanisms driving this process remain uncertain and require clinical and experimental research to determine. Other questions remain unanswered as well. For example, does the overall incidence of subcutaneous soft tissue metastases among ESCC and esophageal adenocarcinoma (EA) differ? A retrospective study showed different overall incidences of soft tissue metastases among the two subtypes, and the incidence of EA was higher. However, this study concentrated on soft tissue metastases instead of subcutaneous soft tissue metastasis specifically; in addition, the incidence of EA is greater than that of ESCC in Western countries, where this study was conducted. Thus, the study may not accurately reflect the global differences between metastases associated with ESCC versus EA.


Table 1 | Summary of previous studies reporting subcutaneous soft tissue metastases of ESCC.



EC does not always contain only one histological component; EC sometimes comprises two or more components and has multidirectional differentiation abilities (17). One hypothesis about ESCC formation is that the subtype develops from totipotential cells at an early age and then transforms with multidirectional differentiation (18). The patient in our case also exhibited neuroendocrine differentiation. We speculate that ESCC with neuroendocrine differentiation has a unique biologic behavior that may facilitate multiple metastases more easily than ESCC without neuroendocrine differentiation.

The treatment of patients with subcutaneous soft tissue metastases must consider oligometastatic or systemic metastases. Patients with oligometastatic EC could benefit from local radiotherapy (19). If the subcutaneous soft tissue metastasis is solitary and no other organs are involved, radical excision may be considered. However, if the soft tissue involvement is combined with systemic metastases, chemotherapy, immunotherapy, and targeted therapy may play more important roles. To our knowledge, available case reports have not discussed immunotherapy in such patients. In recent years, immunotherapy has played a more critical role in the treatment of ESCC and has offered clinicians an alternative when patients develop resistance to chemotherapy (20). According to the ESCORT study, second-line camrelizumab significantly improved overall survival in patients with advanced or metastatic ESCC compared with chemotherapy (21). ALTER1102 showed that the use of anlotinib significantly improved PFS in previously treated, recurrent, or metastatic ESCC patients, who had received one line, two or more lines chemotherapy compared with placebo (22). Recently, a single arm study of anlotinib in combination with PD-1 inhibitors as second-line or later therapy for advanced or metastatic ESCC have obtained a promising result with an objective response rate (ORR) of 30.0% and a disease control rate (DCR) of 87.5% (23). As such, camrelizumab with or without anlotinib may be considered for patients with subcutaneous soft tissue metastasis of ESCC after first-line or later therapy.



Conclusions

Subcutaneous soft tissue metastases from ESCC are rare. This report highlights the experience of a patient with ESCC that progressed to subcutaneous soft tissue metastases. Clinicians should pay attention to patient symptomatology and administer PET/CT to assist with diagnosis. PD-1 inhibiters with or without anlotinib could be considered as an alternative treatment when metachronous subcutaneous soft tissue metastases occur after first-line chemotherapy or later therapy. Additional study is warranted to investigate the epidemiology, mechanisms, and differences among ESCC and EA with subcutaneous soft tissue metastases. ESCC with neuroendocrine differentiation is a unique subtype of ESCC that warrants more attention from clinicians.
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Radiation pneumonitis (RP) occurs in some patients treated with thoracic radiation therapy. RP often self-resolves, but when severe it is most commonly treated with corticosteroids because of their anti-inflammatory properties. Androgens and human growth hormone (HGH) also have anti-inflammatory and healing properties in the lung, but have not been studied as a remedy for RP. Here we present a case of corticosteroid-refractory RP that resolved with androgen and HGH-based therapy.


Case Presentation

A 62 year old male body builder with excellent performance status presented with locally advanced non-small cell lung cancer characterized by a 7 cm mass in the right lower lobe and associated right hilar and subcarinal lymph node involvement. He was treated with chemoradiation and an excellent tumor response was observed. However, 2 months post-treatment he developed severe shortness of breath and imaging was consistent with RP. His RP was refractory to prednisone and antibiotic therapy, despite various regimens over a 9 month period. The patient self-treated with an androgen and HGH-based regimen and the RP promptly resolved.



Conclusion

The anti-inflammatory properties of androgens and HGH have prompted an exploration of their potential role in therapeutic strategies to treat pro-inflammatory conditions such as sepsis, infections and interstitial lung disease. This case study suggests a potential role for the use of androgens for the treatment of steroid-refractory RP after radiation therapy. However, the applicability of this strategy to general populations should be weighed carefully against secondary effects of these agents, especially in the setting of cancer survivorship.





Keywords: radiation pneumonitis, lung cancer, androgen, growth hormone, steroids anabolics, case report



Introduction

Chemoradiation is a common treatment for inoperable locally advanced non-small cell lung cancers (1). The treatment involves radiation over 6-7 weeks with concurrent chemotherapy. Side effects can include fatigue, esophagitis, and radiation pneumonitis (RP), with the risk being roughly proportional to the extent of normal tissue exposure (2, 3). In the clinical trials that established chemoradiation as the standard of care, RP was observed in 5-20% of patients and was associated with advanced age or pre-existing lung conditions including chronic obstructive pulmonary lung disease or interstitial lung disease (3–8). At a cellular level, radiation causes several effects including edema, epithelial changes, disruption of the microvasculature, and atelectasis that lead to inflammatory changes resulting in RP (3, 4). Clinically, RP presents weeks to months following treatment, manifesting as fever, cough, shortness of breath, and ground-glass opacities (3, 4). RP can have significant negative impacts on quality of life (4, 9, 10). Severe RP is often treatable with corticosteroids with symptom improvement in 75-93% of patients, but some patients are refractory (3, 11, 12). Androgens are also well known to have anti-inflammatory properties, but have not been studied as a remedy for RP. Older studies have shown that androgen therapy can reduce the risk of exacerbations of asthma and COPD, but given the potential risks of androgen therapy including adverse cardiovascular events and increased risks of malignancy, these medications have not been implemented. In this case report, we present a patient with corticosteroid-refractory RP that responded favorably to androgen-based therapy.



Case description

A 62-year-old male body builder with a 20-pack year smoking history and surgical history of repaired inguinal hernia and appendectomy presented to his PCP with cough, fatigue, and weight loss. CT of the chest showed a 7 cm mass in the right lower lobe of the lung with enlarged subcarinal lymph nodes (Figure 1A). Subsequent PET/CT showed FDG uptake in the lung mass and right hilar and subcarinal lymph nodes (Figure 2), but no evidence of metastatic disease. Pre-treatment pulmonary function tests revealed a FVC of 66% and FEV1 of 59%. Biopsy of the right lung mass confirmed poorly-differentiated squamous cell carcinoma of pulmonary origin. Nodal involvement was confirmed by endobronchial ultrasound guided sampling of mediastinal lymph nodes. He was treated with chemoradiation to a dose of 6000 cGy in 30 fractions (Figure 3) with 6 cycles of carboplatin and paclitaxel given weekly. Of note, the lung V20 for his radiation plan was 31%. Two cycles of consolidative carboplatin and paclitaxel were also given.




Figure 1 | Serial CT’s of the chest shows resolution of lung pneumonitis with anabolic steroids. (A) Lung disease at presentation and after completion of definitive chemoRT at (B), 2 months (C), 5 months (D), 8 months (E), 11 months (F), 17 months. The androgen-HGH regimen was initiated after the 12 month scan, (E).






Figure 2 | PET/CT showing FDG-avid R hilar and subcarinal lymph nodes.






Figure 3 | Radiation treatment plan. Representative axial, sagittal, and coronal slices for R lung lesion and mediastinal disease treated to 60 Gy in 30 fractions with concurrent carboplatin and paclitaxel.



CT Chest 2 months post radiation completion showed shrinkage of the primary mass to 4.4 cm, reduction in the size of involved lymph nodes and associated radiation changes in the surrounding lung (Figure 1B). However, by 3 months, he developed malaise and a persistent cough, so an empiric 1 week course of azithromycin and prednisone were prescribed for pneumonia. His symptoms persisted despite therapy and repeat imaging 3 months later showed opacities within the high and intermediate areas of radiation dose consistent with pneumonitis (Figure 1C). A 5 week prednisone taper with a starting dose of 25 mg was prescribed. Symptoms improved with therapy but returned as he tapered to 5 mg so the dose was increased to 20 mg and additional course of azithromycin was prescribed. Repeat pulmonary function tests showed had slightly worsened with a FVC of 57% and FEV1 of 63%. Further attempts over the next 4 months to wean from prednisone failed. After 9 months of collective prednisone therapy, he noted abdominal fullness and was found to have elevated ALT and AST of 114 and 53, respectively. On CT imaging he was noted to have hepatic steatosis. Evaluation with colonoscopy, abdominal US, and CT enterography were unremarkable leading to the conclusion that his liver dysfunction was a sequela of steroid therapy. Based on his understanding that androgens can have anti-inflammatory effects, the patient elected to taper prednisone and self-prescribed the androgen-based regimen shown in Table 1.


Table 1 | Anabolic steroid and HGH regimen; CDMT = Chlorodehydromethyltestosterone, QAD = every other day, BID = twice daily, TID = three times daily.



Within two weeks of initiating therapy, the patient experienced a reduction in abdominal fullness, resolution of cough and improved energy. By eight weeks, he felt fully recovered and was able to return to full workouts lifting weights. During androgen therapy, no other significant changes in medical therapy, diet or lifestyle were noted that could be linked to his improvement. CT of the chest 17 months post radiation therapy showed consolidation of the treated lobe and resolution of pneumonitis elsewhere in the lung (Figure 1F). As of most recent follow up, 5 years post treatment, the patient had no clinically significant deficits related to cancer therapy and no evidence of active disease. The patient's treatment course is summarized as as e timeline in the supplementary materials.



Discussion and conclusions

To our knowledge, this is the first case report of using androgen and HGH-based therapy to treat radiation pneumonitis. However, the concept of treating inflammatory pulmonary disease with androgen or HGH therapy has substantial precedent. The idea that androgens are important regulators of pulmonary inflammation originated with a number of clinical observations. It is well documented that men and women show differences in lung pathology. For example, female neonates produce surfactants earlier in development when compared to male neonates and are at lower risk for respiratory distress syndrome or asthma (13, 14). Also, patients with Klinefelter syndrome, the most common cause of hypogonadism, are 69% more likely to be hospitalized with pulmonary diseases like COPD or pneumonia (15). Additionally, men treated with anti-androgens experience a higher rate of interstitial lung disease with a reported odds ratio up to 6.6 (16). There is also rationale for using HGH to address lung injury. Laboratory studies have shown that HGH may participate in lung development, growth, and repair (17). Additionally, several studies on animal models of acute lung injury have shown dramatic attenuation of lung injury by recombinant HGH (18, 19).

Collectively, these observations have led to prospective studies of androgen therapy and HGH. A study on women with asthma showed that administration of testosterone decreased risks of hospitalizations from asthma attacks by 9.1% in older patients (20).. A meta-analysis from China found that androgens improved body weight, fat-free mass, and symptoms in patients with chronic obstructive pulmonary disease. These changes, however, did not translate into changes in pulmonary function or muscle strength (21). Similarly, another retrospective study of middle-aged men with COPD who received testosterone replacement therapy showed lower rates of respiratory-related hospitalizations (22). A study of HGH in patients with COPD showed improvements in pulmonary function of 27% (23).

The regimen used by the patient in this case report is complex, making it difficult to interpret which agents provided the benefits observed. Nevertheless, the dosages used can be placed into context. The testosterone regimen of 600 mg of testosterone weekly is substantially higher than doses typically used in testosterone replacement therapy (100-200 mg weekly), and has been shown to improve strength and muscle size in healthy men (24). Similarly, doses of nandrolone around 200 mg weekly improved body mass and fat-free mass over the course of 8 weeks (25). This dose was significantly lower than the dose our patient used. The HGH dose of 0.08 mg biweekly is lower than the dose used in the previously cited COPD trial where 0.05 mg/kg was given daily (23). The mesterolone dose of 50 mg BID is similar to the dose used in men with oligospermia and improved sperm counts and mobility who received 100 – 150 mg daily (26). The stanozolol dose of 10 mg TID is lower than the doses used in a recently published trial (2 mg TID) that found improved progression-free survival for patients with high-risk myelodysplastic syndrome (27). In mouse studies, anastrazole was delivered to mice and showed decrease radiation induced lung fibrosis. These mice were given doses equivalent to 1 mg given to an adult daily (28). Although our patients regimen varies from doses reported in literature, there are clear connections between anabolic steroids and beneficial clinical outcomes (29).

In this case, androgen and HGH therapy provided a clear benefit for RP and did not cause cancer recurrence. However, extending this regimen, or a portion of this regimen, to other patients would entail risks, especially within the cancer population. Testosterone or androgen precursors can also increase cardiovascular events, produce neuropsychiatric problems and alter reproductive capacity. Additionally, testosterone has been shown to increase the risk of prostate and testicular cancer and linked to increased risks of breast and liver cancer (30–33). HGH can induce tumor formation in animal models and is associated with increased risk of thyroid and colorectal cancer in patients with acromegaly. However, studies of children and adult cancer survivors who received HGH have not shown an increased risk of cancer progression (34, 35). Clearly, additional prospective studies would be necessary to establish efficacy, dosing and other guidelines for HGH or androgen therapies for RP.
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Background

Follicular dendritic cell sarcoma (FDCS) is a rare type of intermediate grade tumor. Mediastinal FDCS with spinal invasion has not been well described. The treatment options include surgical resection and radiation therapy. The body gamma knife is a stereotactic body radiotherapy (SBRT) technology that is widely used in China. The pathological evaluation of a bone lesion after a body gamma knife procedure has not been reported. Here, we report a case of a patient with FDCS with thoracic spine invasion and iliac metastasis treated with surgery and body gamma knife.



Case summary

A 36-year-old male patient was hospitalized at Zhongshan Hospital, Fudan University, due to a gradually aggravated pain on the lateral side of the left scapula for 6 months. Imaging examination showed neoplastic lesions on the left side of C7-T2 invading the vertebral body of T1, T2, and caput costae of the second rib and suspected metastasis in the left ilium. FDCS was diagnosed after performing a computed tomography (CT)-guided core needle biopsy, and the thoracic lesion was surgically resected. The body gamma knife was used as an adjuvant radiotherapy for the thoracic lesion and a primary therapy for the left ilium lesion. Iliac bone lesion resection was performed at Zhongshan Hospital, Fudan University, 10 weeks after RT. Compared with the biopsy report, the body gamma knife treatment resulted in a pathological complete response (PCR). The magnetic resonance imaging (MRI) examinations showed stable disease of the thoracic lesion after body gamma knife radiosurgery.



Conclusion

This case report describes the treatment of mediastinal FDCS with thoracic spinal invasion and iliac metastasis. The promising outcome suggests that separation surgery is an effective treatment option for mediastinal FDCS with spinal column invasion. It also demonstrates the application prospects of the body gamma knife treatment in malignant lesions of the axial bones.





Keywords: body gamma knife, stereotactic body radiotherapy, follicular dendritic cell sarcoma, pathological complete response, separation surgery



Introduction

Follicular dendritic cell sarcoma (FDCS) was first described by Monda et al. in 1986 (1). FDCS most commonly presents as a slow-growing mass in the cervical and axillary lymph nodes (2, 3). Some studies reported more extranodal cases, which may be due to referral bias (4, 5). Among all the reported FDCS cases that occurred at the extranodal sites, only a few involved the mediastinum, and none of these case reports adequately described spinal column involvement and concurrent metastasis (4, 6). There is no standard treatment for FDCS. A combined modality approach consisting of surgery, radiotherapy (RT), and/or chemotherapy is most commonly used (6, 7). Jain et al. analyzed 66 cases and concluded that aggressive local treatment with surgery and adjuvant RT improved local control (5). A few studies have also reported the effectiveness of targeted therapy and immunotherapy (8, 9).

As one of the stereotactic body radiotherapy (SBRT) systems, the body gamma knife uses 30 or 18 Co60 as the radiation source to release high-dose gamma rays that focus on a target area (10). It has sharp dose gradients such that the normal tissue around the target area receives a very low dose of radiation (11). The body gamma knife has been used in the treatment of several types of solid tumors, including lung cancer, pancreatic carcinoma, and liver cancer, in China (10, 12, 13). No study has reported the application of a body gamma knife treatment in FDSC or in axial bones. After body gamma knife RT, patients generally no longer undergo surgical resection of the target area; thus, it is difficult to perform a pathological evaluation for the body gamma knife treatment. Herein, we report a case of a patient with mediastinal FDCS with thoracic spinal invasion and iliac metastasis. The thoracic lesion was successfully treated by decompression surgery and postoperative adjuvant body gamma knife RT. Iliac metastasis demonstrated a pathological complete response (PCR) after body gamma knife RT.



Case description

A 36-year-old male patient was hospitalized due to complaints of a gradually aggravated pain on the lateral side of the left scapula for 6 months. Imaging examination showed that the neoplastic lesions on the left side of C7-T2 invaded the vertebral body of T1, T2, and caput costae of the second rib (Figures 1A–C). Tumor metastasis in the left ilium was suspected (Figures 1D–F). A computed tomography (CT)-guided core needle biopsy was performed to obtain the tissue samples of the paravertebral lesion in T2 and the lesion in the left ilium. The pathological results confirmed the diagnosis of FDCS. Diffuse small spindle cells were found in the hematoxylin and eosin (H&E) staining of both paravertebral (Figures 2A, B) and iliac (Figures 2D, E) lesions. Immunohistochemical staining of the paravertebral sample was positive for cytokeratin (CK){pan} and vimentin; partially positive for cluster of differentiation 68 (CD68){KP1} and epithelial membrane antigen (EMA); slightly positive for S100 and CD34; and negative for SRY-box transcription factor 10 (Sox10), Langerin, thyroid transcription factor 1 (TTF-1), and prostatic specific acid phosphatase (PSAP) (Figure 2C). Immunohistochemical staining of the iliac sample was positive for CK{pan}, vimentin, CD68{KP1}, and epidermal growth factor receptor (EGFR); partially positive for Clusterin; slightly positive for S100, CD35, and CD20; and negative for CD21, Sox10, Langerin, and CXC chemokine ligand 13 (CXCL13) (Figure 2F).




Figure 1 | Image of the neoplastic lesions. (A–C) Neoplastic lesions found on the left side of C7-T2 invading the vertebrae body of T1, T2, and caput costae of the second rib. (D–F) A suspected metastasis was found in the left ilium.






Figure 2 | Biopsy and staining images of the tumors. (A, B) CT-guided core needle biopsy and the H&E staining images of the thoracic lesion. (C1-C6) Immunohistochemical staining of the thoracic lesion. (D, E) CT-guided core needle biopsy and the H&E staining images of the left ilium lesion. (F1-F6) Immunohistochemical staining of the left ilium lesion. B1, E1: 100×; B2, E2: 400×; (C, F): 200×.



Tumor resection and nerve root decompression were performed as treatment for thoracic disease. A midline incision was made, and the lamina and facet joints of T1–T3 were exposed. Four pedicle screws were implanted in T1 and T3 (Figures 3A1, 2). The left lamina and facet joint of T1 and T2 were resected (Figures 3A3, 4). The left second costovertebral joint and the second rib head were also resected. Transpedicular curettage was performed to ensure sufficient neural decompression of the tumor, providing a safe target volume for radiation.




Figure 3 | Postoperative radiological and pathological images. (A1, 2) Pedicle screw internal fixation was performed at the level of T1-T3. (A3, 4) Postoperative CT scan showed that the left lamina and the facet joint of T1 and T2 were resected. (B1-3) CT examination of the iliac bone showed that the lesion size was slightly larger than that before the 2-month postoperative follow-up. (C1, 2) H&E staining of iliac bone lesion. (D1-3) Thoracic MRI examination showed no significant enlargement of the lesion after 15 months of follow-up. (E1, 2) Pelvic MRI examination showed absence of recurrence of the iliac lesion after 15 months of follow-up. C1: 100×; C2: 400×.



The body gamma knife was used as a radical treatment for iliac tumor and as an adjuvant treatment for thoracic disease. Body gamma knife planning and delivery were similar to those reported in previous studies (10, 12, 13). The patient was placed in a supine position and immobilized using a vacuum negative pressure bag and a body frame bed, allowing to breathe naturally. Markings were made on the four areas of the body that will receive the radiation to ensure reproducible body position. The CT images were transferred to the OPEN body gamma knife treatment planning system. A local bone destruction lesion was found at the posterior lower edge of the left ilium (near the sacroiliac joint) with clear boundaries and soft tissue density. The treatment target area was determined in the bone window on the CT image using the body gamma knife treatment planning system (window width, 1,000 HU; window level, 300 HU). The gross target volume (GTV) was delineated according to the lesion identified in the bone window. The clinical target volume (CTV) was generated by extending the GTV by 5 mm in all directions. The planning target volume (PTV) was generated by extending the CTV by 5 mm in all directions. The 50% radiation dose covered 100% of the PTV, the 60% dose covered 100% of the CTV, and the 70% dose covered 100% of the GTV. For the iliac lesion, the prescription dose for the PTV, CTV, and GTV margins were 40, 48, and 56 Gy in 10 fractions, respectively. The highest physical dose delivered at the center of the target area was 80 Gy. The biological effective dose (BED) of the RT was calculated using a linear quadratic (LQ) model, assuming an α/β ratio of 10. The BEDs at the margins of PTV, CTV, and GTV were 56, 71.04, and 87.36 Gy, respectively, and the highest BED delivered at the center of the target area was 144 Gy. For the thoracic lesion, the prescription doses for PTV, CTV, and GTV margins were 36, 43.2, and 50.4 Gy in 12 fractions, respectively. The highest physical dose delivered at the center of the target area was 72 Gy. The BEDs delivered to the margins of the PTV, CTV, and GTV were 46.8, 58.752, and 71.568 Gy, respectively, and the highest BED delivered at the center of the target area was 115.2 Gy. Radiotherapy target planning of thoracic and iliac lesions was presented in Supplementary Figures 1, 2. The treatment process proceeded smoothly, the patient had no complaints, and no abnormal findings were found on blood tests after RT.

The patient did not receive systemic treatment or other local control treatments after the body gamma knife treatment. CT examination of the iliac bone showed that the lesion size was slightly larger than that before the 2-month postoperative follow-up (Figures 3B1–3). Thus, iliac bone lesion resection was performed 10 weeks after RT. The pathological examination of the left iliac bone tumor suggested a small amount of bone tissue, fibrous tissue hyperplasia and hemorrhage, myofibroblast reaction, lymphocyte and plasma cell infiltration, a small amount of necrosis, and tissue cell deposition, while no tumor tissue was observed (Figures 3C1, 2). Thus, the body gamma knife treatment resulted in PCR. The patient was followed up for 1 year, and the VAS score for back pain reduced from 8 at preoperatively to 1 at the last follow-up. Thoracic and pelvic magnetic resonance imaging (MRI) examinations showed no significant enlargement or recurrence of the tumors after 15 months of follow-up (Figures 3D, E). The timeline of major clinical events during treatment and follow-up is shown in Figure 4.




Figure 4 | Timeline of the occurrence of major clinical events during the treatment and follow-up.





Discussion

FDCS is a type of intermediate grade tumors originating from follicular dendritic cells in the germinal center of lymph nodes. It was first reported by Monda et al. (1) in 1986. The biological behavior of FDCS is similar to that of intermediate-grade soft-tissue sarcomas. The head, neck, and mediastinal FDCS cases have good prognosis, whereas a minority of cases develop local recurrence (12.5%–28.1%) and metastases (13.2%–27.2%) (7, 14, 15). The most common metastatic sites are the lung and liver; other metastatic sites include the adrenal gland, rib, vertebral body, and iliac bone (14). Metastasis of the iliac bone was observed in the present case. The reported age of onset is 9–79 years (average: 46 years) (14). FDCS tends to grow slowly and is usually asymptomatic (16). The lesions usually are hypermetabolic and present as avid spots on positron emission tomography (PET) images (3, 17). There is a subtype of FDCS that almost exclusively occurs in the liver and spleen. It is different from the FDCS that occurs in other parts. The World Health Organization (WHO) has recognized a distinct entity named inflammatory pseudotumor (IPT) like FDCS (18). It is speculated that IPT like FDCS is related to the Epstein–Barr virus (EBV) infection and is more common in women (19). The immunohistochemical results support the diagnosis of FDCS to a large extent. Normal FDC-associated markers, such as CD21, CD23, CD35, and CXCL13, are widely used. Multiple markers are often used owing to the frequent loss of antigens (20, 21). Clusterin is a sensitive and specific marker for FDCS (22). In addition, vimentin, EGFR, EMA, S-100, and CD68 were used to confirm the diagnosis (20). Immunohistochemical staining was not typical in the present case. CD35 was slightly positive and CD21 was negative. Morphologically, the nuclei appeared to be short fusiform to oval, some of the nuclei showed vacuolar-like changes, some showed small nucleoli, the cytoplasm was lightly stained, and the interstitium was scattered with lymphocytic infiltration. Based on the morphological and immunohistochemical findings, the diagnosis of FDCS was made.

To date, there is no standard therapeutic protocol for FDCS, and different approaches have been applied, including surgery, radiotherapy, and chemotherapy. Surgical resection is the primary treatment for FDCS, and the incidence of recurrence is relatively high (23). Although adjuvant radiotherapy or systemic therapy has not caused a significant improvement in survival (24), it can be applied in patients with advanced cases (7). Patients with extranodal disease experience poor outcomes and often require combined therapy (5). Conry and Gupta reported cases in which gemcitabine and docetaxel were used as treatment for metastatic FDCS, which showed promising outcomes (25, 26). FDCS also responded to some commonly used targeted agents and immune checkpoint inhibitors. Several FDCS case reports have shown that patients may benefit from kinase inhibitors, including pazopanib, sorafenib, and sirolimus (6, 9). The programmed cell death protein 1 (PD-1) antibody is a potential therapeutic option for patients with refractory FDCS (8, 27). Localized tumors are associated with better prognosis (6). Young age, large tumor size, high mitotic index, abdominal involvement, coagulative necrosis, and significant cellular atypia were associated with poor prognosis (7).

Considering that adjuvant radiotherapy and/or chemotherapy are often used for advanced FDCS, we introduced the concept of hybrid therapy in the treatment of this patient. Hybrid therapy consists of separation surgery and postoperative SBRT, which represents the evolution of treatment for spinal metastases (28). Separation surgery focuses on decompressing the spinal cord or nerves to achieve a safe margin for RT. This was an innovative attempt to this patient. Residual paraspinal tumors can be effectively treated with SBRT. SBRT involves the delivery of a high radiation dose within a shorter course, has obvious radiobiological advantages, lessens the risk of damage to the surrounding organs, and has less complications (29). Body gamma knife SBRT can be applied in a wide range of conditions and is widely used in China. It delivers a high radiation dose to the tumor focus and skin and generates an effect similar to that of scalpel resection, which is suitable for the treatment of patients in different positions. This highly focused SBRT technique has demonstrated satisfactory local control, reduced toxicity, and cost effectiveness in the treatment of non-small cell lung cancer (10, 30). Other initiatives have been carried out to explore the efficacy of the body gamma knife in other malignancies, such as pancreatic cancer (12). In this case, the 50% dose line was used as the prescribed dose line. The unique dose distribution and treatment pattern escalate the focused dose administered to the target area, that is, from the margin to the center, while the normal tissue outside the margin receives an extremely low dose, which is reasonable in radiobiology. Cao et al. (11) reported the dose distributions of five stereotactic body radiotherapies for pancreatic cancer. Gamma knife provided the highest mean and maximum dose to the PTV, excellent gradient index, and rapid dose fall-off. In addition, the body gamma knife is less expensive compared with other SBRT technologies, which is appealing especially in developing and underdeveloped countries (10). This patient did not receive adjuvant chemotherapy or targeted therapy. This is partly because there is no consensus on the optimal treatment recommendations for FDCS. On the other hand, adjuvant systemic therapy was not associated with improvement in the median or 5-year overall survival (OS) when compared to surgery alone (3, 6). In addition, performing the separation surgery has helped us to accumulate relatively more experience in SBRT, and thoracic and pelvic MRI showed stable disease after 15 months of follow-up. Based on the above considerations, this patient was treated with RT as adjuvant therapy for the thoracic lesion and as the primary treatment for the iliac metastasis. Values of α/β ratios in human individuals are rarely known, and there is no predictive assay for α/β for individual tumors. The use of α/β = 5, 10 and 15 Gy was recommended in most situations (31). An α/β ratio of 10 was applied in the calculation of BED in the present study.

In most cases, the effectiveness of RT is assessed though clinical evaluation, such as imaging and OS assessment, other than the gold standard histopathological examination. Biopsies may be used in a few cases to verify the treatment effect. A reliable pathological evaluation of malignant tumors of the body after gamma knife treatment has not yet been reported. In this case, mild edema was found in the target area, which was slightly enlarged on CT imaging at 2 months’ follow-up. Although this may be a reaction after RT, resection was performed as requested by the patient, and the whole tissue was obtained for evaluation. Pathological diagnoses before and after treatment were performed at the same hospital. After careful consultation with skilled experts, the consistency and authority of the diagnosis were ensured. This unique case showed that body gamma knife treatment can achieve not only CR but also PCR.

Some limitations of the body gamma knife should be recognized and improved. This procedure is insufficient in image guidance and localization for repeated patient positioning and the assessment for radiation dose assessment of the target area. The rapid development of medical imaging technique in recent years has enhanced the precision and efficiency of the body gamma knife.



Conclusion

This case report describes the treatment of mediastinal FDCS with thoracic spinal invasion and iliac metastasis. The promising outcome suggests that separation surgery is an effective treatment option for mediastinal FDCS with spinal column invasion. It also demonstrates the application prospects of the body gamma knife treatment in malignant lesions of the axial bones.
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Background and objective

The oncogenic effect of ionizing radiation is widely known. Sarcomas developing after radiation therapy (RT), termed “iatrogenic disease of success”, represent a growing problem, since the advancements in cancer management and screening programs have increased the number of long-term cancer survivors. Although many patients have been treated with radiation therapy, only few data are available on radiation-induced sarcomas (RIS).



Methods

We examined the medical and radiological records of 186 patients with histologically proven soft tissue and bone sarcomas, which referred to IRCCS CROB Centro di Riferimento Oncologico della Basilicata from January 2009 to May 2022. Among them, seven patients received a histological diagnosis of secondary RIS, according to Cahan’s criteria. Clinicopathological features and treatment follow-up data of RIS patients were retrospectively analyzed.



Results

Among these secondary RIS, five arose in irradiated breast cancer (5/2,570, 0.19%) and two in irradiated head and neck cancer (2/1,986, 0.10%) patients, with a mean onset latency time of 7.3 years. The histology of RIS was one desmoid tumor, two angiosarcomas, one chondrosarcoma, two leiomyosarcomas, and one undifferentiated pleomorphic sarcoma. Out of the seven RIS, one received radiotherapy, one received electrochemotherapy (ECT), one received a second-line chemotherapy, three were subjected to three lines of chemotherapy, and one underwent radiofrequency ablation, chemotherapy, and ECT. Median survival time is 36 months. No significant survival differences were found stratifying patients for age at RT, latency time, and age at RIS diagnosis.



Conclusions

RIS represents a possible complication for long-survivor cancer patients. Therefore, adherence to a strict follow-up after the radiation treatment is recommended to allow early diagnosis and optimal management of RIS patients. After the planned follow-up period, considering the long-term risk to develop a RIS, a specific multispecialty survivorship care plan could be of benefit for patients.





Keywords: breast cancer, head and neck cancer, radiation-induced sarcoma, radiotherapy, long-term radiation effects



Introduction

Radiation therapy (RT) represents the main treatment strategy for more than half of cancer patients (1–3), since it entails improvement of the survival rates and long-term overall survival in many types of cancer. Therefore, the employment of this treatment option is growing. Indeed, as an example, a Korean study reported a 65% increase in cancer patients who underwent RT from 2006 to 2013 (4). Despite these undoubted benefits, RT is found to be associated with the onset of a rare iatrogenic malignancy, known as “radiation-induced sarcoma” (RIS), which represents about 3% of all soft tissue sarcomas (5). This adverse event is characterized by poor 5-year overall survival, ranging from 10% to 36% in relation to disease stage at diagnosis (1). Therefore, RIS is considered an arduous challenge for physicians. It also represents a growing clinical problem, likely associated with the increasing number of long-term cancer survivors determined by the advancements in cancer screening programs and patient management (6, 7).

The first cases of sarcoma following RT were observed in 1922 by Beck and Marsch in patients irradiated to treat tuberculous bone disease (8, 9). Subsequently, in 1936, Warren and Sommer described complications after irradiation of breast carcinoma in 81 patients (9). In 1948, based on 11 cases of post-radiation osteosarcoma (PRS), Cahan and Woodard defined the following criteria for RIS diagnosis (10):

	a) No evidence of the new tumor at RT time;

	b) Sarcoma arises in the irradiated field;

	c) Relatively long latency period before sarcoma onset; and

	d) Histologically proven sarcoma.



A large analysis of the Surveillance, Epidemiology, and End Results (SEER) registries found a 257% increased risk of secondary bone sarcoma in patients who received radiotherapy compared to the general population (11). Recently, these data were examined by Snow et al., who reported that, after cervical cancer, breast cancer has the highest risk of RIS (88.2% and 78.3%, respectively) (12). RIS after breast cancer RT shows a wide range of histopathologic subtypes, among which malignant fibrous histiocytoma is the most common. Less frequent findings include leiomyosarcoma, liposarcoma, fibrosarcoma, and angiosarcoma, and rarely chondrosarcoma and osteosarcoma. These secondary RIS are usually high-grade tumors variable in size, whose histological features include presence of spindle-shaped tumor cells, hemorrhagic tumor nodules, abundant mitotic figures, and necrosis (13).

RIS of the head and neck also represents a relevant problem since, although rare, they are a lethal consequence of RT. Its average frequency was about 0.15% with a mean latency period, the interval between RT on the primary lesion and the onset of secondary sarcoma, of about 11 years. Histologically, RIS of the head and neck are mainly ascribable to osteosarcoma and fibrosarcoma (14).

Here, we performed a retrospective study on patients’ records to investigate the clinical and pathological features of RIS cases that accessed IRCCS CROB Centro di Riferimento Oncologico della Basilicata from 2009 to 2022.



Materials and methods


Patient cohort and data collection

We examined the medical record of all histologically diagnosed sarcoma in patients managed from 2009 to 2022, included in both the Basilicata Cancer Registry and the Institutional Electronic Health Dossier. The latter also comprises patients from nearby regions. All data were retrieved from patients who gave their informed consent at the first access or afterwards on request.

Overall, there were 186 cases (85 male and 101 female patients) of sarcomas with a mean age of 59.7 years (range: 15–91 years). At the time of writing (June 2022), patients are followed up in an outpatient setting. The mean time of follow-up is 58.5 months (range: 0.6–380.7 months). Their geographical origin is mainly Basilicata (121), Campania (38), and Puglia (16) (Table 1).


Table 1 | General characteristics and management information of the enrolled sarcoma patients.





Diagnosis and treatments

The first diagnosis was made at CROB for 116 patients. Seventy-two patients underwent radical surgical excision. Metastases were detected in 74 patients through total body computed tomography (CT) examination at first diagnosis, whereas in 73 cases, new metastatic lesions appeared during follow-up. All patients were treated at our center, except one osteosarcoma patient who was managed at Rizzoli Orthopedic Hospital in Bologna. Several treatment regimens were administered as summarized in Table 1. Ninety patients received chemotherapy, 33 of whom received only the first-line setting, 50 patients also received a second-line treatment schedule, and 29 patients received three chemotherapy lines. Notably, off-label and/or targeted therapy regimens were tried. One patient diagnosed with carcinosarcoma (MMMT) received FOLFIRI regimen. In three cases, olaratumab was the first-line treatment. One patient with a myofibroblastic inflammatory tumor of sclera-conjunctiva, positive for anaplastic lymphoma kinase mutation (ALK+), was treated with crizotinib. One patient received imatinib to treat cordoma.

Among the 186 patients, 40 patients received external radiotherapy, 2 cases received brachytherapy, and for 13 patients, electrochemotherapy was employed as local therapy.



Selection criteria of radiation-induced sarcoma

Criteria by Cahan et al. were used to identify RIS patients (10). For further evaluations, detailed epidemiological, clinical, pathological, and treatment history and survival information were collected.



Statistical analysis

The association of patients’ overall survival with age at RT, at RIS, or latency time was estimated by log-rank test, after categorization of time in classes and using the survminer R package (15). In a similar way, association between RIS risk and age at RT, based on latency time, was explored. Survival curves were then plotted using the Kaplan–Meier method. Hazard ratios were also estimated for each variable by Cox proportional hazards regression model included in the survival package (16).




Results

Among 186 sarcoma patients, we identified seven (3.8%) cases fulfilling Cahan’s criteria. In particular, five RIS arose in the irradiated field of breast cancer patients and two in that of head and neck cancer patients. To better define RIS incidence, we retrospectively analyzed all breast and head and neck primary tumors that underwent radiation therapy. Overall, we found 0.15% (7/4,556) of RIS incidence, in which breast cancer accounts for 0.19% (5/2,570), whereas head and neck cancer accounts for 0.10% (2/1,986). Histological evaluation of RIS found one desmoid tumor, two angiosarcomas, one chondrosarcoma, two leiomyosarcomas, and one undifferentiated pleomorphic sarcoma (Table 2). Out of the seven RIS patients, one received radiotherapy, one was treated with electrochemotherapy (ECT), one received a second-line chemotherapy, three underwent three lines of chemotherapy, and one was treated with radiofrequency ablation, chemotherapy, and ECT.


Table 2 | Histological features, therapeutic management, and follow-up information of radiation-induced sarcomas.



Mean latency time was 7.3 years, ranging from 2 to 14 years. The overall median survival is 36 months (Figure 1A). No significant survival differences, likely due to the limited number of RIS cases, were found by stratifying patients for age at RT (36 vs. 28 months, ≤60 vs. >60 years), latency time (32 vs. 45 months, ≤7 vs. >7 years), and age at RIS occurrence (32.0 vs. 30.5 months, ≤67 vs. >67 years) (Figures 1B–D). Cox hazard ratio analysis also did not show any association with these variables (Figure 1E). Similarly, RIS risk and latency time are not associated with age at RT (7 vs. 8 years, ≤60 vs. >60 years, respectively) (Figure 1F). A detailed case presentation of clinical and pathological findings, including treatments administered and outcomes, is reported below.




Figure 1 | Association of radiation-induced sarcoma patients’ overall survival with different parameters (A–E). Association of radiation-induced sarcoma onset and age at radiation therapy (F). RT, radiation therapy; RIS, radiation-induced sarcoma.




Case 1

A 40-year-old man, in July 2014, had a diagnosis of primary epidermoid carcinoma in the right vocal cord and left lung, stage pT4aN2cM0 and grade G3. In January 2015, both masses were radically excised after neoadjuvant radiotherapy with 66 Gy in 33 fractions on intensity-modulated radiation therapy (IMRT) mode. The patient was free of disease for 15 months until, in March 2016, he received a diagnosis of desmoid tumor in the nuchal area, external to the hot spot of the previously irradiated field. Histological evaluation on a core biopsy described a group of spindle cells included in a collagen matrix arranged as parallel fibers; less than 1/10 HPF (high-power field) mitoses were detected, leading to a diagnosis of extra-abdominal fibromatosis-desmoid tumor. Immunohistochemical staining highlighted cells positive for desmine, SMA (smooth muscle actin), negative for S100, and a Ki67 index of 4%. Angio- and neural invasion was also depicted. After case evaluation by the Institutional Multidisciplinary Tumor Board and its discussion with experts from a rare tumor Comprehensive Cancer Center, the case was considered unsuitable for surgical excision due to the presence of a locally advanced disease infiltrating vascular and nervous structures. The patient was asymptomatic and, considering the poor chemosensitivity of desmoid tumors, he entered on a follow-up care program. In April 2018, due to lesion size increase and localized pain, the patient started a chemotherapy regimen with a combination of two oral drugs, vinorelbine and methotrexate, for 15 weekly cycles. After four months of treatment, due to clinical and radiological disease progression (DP), the patient was treated with second-line chemotherapy consisting of six cycles of a 3-week doxorubicin and dacarbazine regimen. In January 2019, at disease status assessment, the patient had a partial response (PR) and then was addressed to follow-up (every 3 months for the first 2 years, and then every 6 months). At the last follow-up (September 2021), according to RECIST criteria, a further reduction of tumor size was noticed.



Case 2

The patient is a 46-year-old woman diagnosed in 2006 with nasopharyngeal carcinoma. She was treated with radiotherapy (70 Gy in 35 fractions) combined with weekly cisplatin infusions (five of six cycles regularly administered; the last cycle was suspended due to a suspect of cisplatin‐induced grade 4 pancytopenia). The patient’s clinical history included essential hypertension, hysterectomy for fibromyomas (in 1997), and family history of cancer (a 50-year-old brother with stage III colon cancer). A bilateral hypoacusis as a consequence of radiotherapy was recorded.

After 7 years (September 2013), during routine follow-up, clinical and radiological diagnosis of a mass on the left side of the neck (sternocleidomastoid muscle), referred to as RIS, was made. The patient underwent radical surgery of the left sternocleidomastoid muscle. Histology showed a high-grade mesenchymal neoplasia, consisting of atypical cellular elements, partly fused, with moderate-severe atypia and myogenic differentiation, partly round and oval, sometimes pleomorphic, arranged mostly in bundles and fascicles. Numerous mitotic figures and necrosis areas were observed (Grade 3). Immunohistochemical characterization showed positivity for vimentin, CD34, SMA, and negativity for CD30, CD68, CD31, desmin, and S100. Ki67 index was equal to 70%. Six months later, a local relapse was excised from the left anterior chest wall. After further 6 months, in December 2014, computed tomography (CT) scan showed multiple bilateral lung metastases and the patient received six cycles of first-line chemotherapy based on the combination of gemcitabine and docetaxel. During disease evaluation in April 2015, a strong DP with sternal relapse and pulmonary metastases accompanied by stable lymph nodes was noticed.

Starting from May 2015, six cycles of high-dose ifosfamide continuous infusion were administered as second-line chemotherapy. A minimal partial regression of disease was recorded under CT scan in January 2016. Three months later, an additional CT scan showed lung metastases progression, and dacarbazine, as third-line chemotherapy, was administered for three cycles. In August 2016, the patient was referred to the emergency room for stroke and she died. No necropsy was made and pulmonary embolism was assumed as the causal event.



Case 3

The case is a 63-year-old woman with a history of hormone-sensitive bilateral breast cancer (stage II) treated with a bilateral quadrantectomy and axillary lymph node dissection. The patient reported a family history of cancer, a brother and sister with gastric cancer, and a nephew with breast neoplasm.

The patient received a combination of adjuvant radiotherapy (50 Gy by photons in 25 fractions + 10 Gy by two 6-MeV tangential electrons beams in 5 fractions) and chemotherapy (epirubicin plus paclitaxel for four cycles and cyclophosphamide plus methotrexate plus fluorouracil for four cycles), hormone therapy with tamoxifen for 1 year, and anastrozole for 5 years to avoid endometrial hyperplasia.

After 11 years of follow-up, clinical examination of breast documented a mass in the residual of excised left breast and the patient was then subjected to left radical mastectomy. Histologically, it was referred to as poorly differentiated (G3) metaplastic carcinoma of the breast with mesenchymal differentiation (MCMD), score 8 according to Elston and Ellis criteria. Areas of high-grade chondrosarcoma, which constitute 30% of the neoplasm, were present. Immunohistochemical characterization revealed positivity for Vimentin and S100, whereas tissue sections were negative for cytokeratin AE1/AE3 and 34beta E12, and p63. Tissue specimens were also estrogen receptor (ER) and progesterone receptor (PR) negative, and slightly positive for HER2. Ki67+ cells were 20%. No vascular and neural invasion were observed. TNM staging was rpT2pNx. After surgery, the patient entered a clinical and radiological follow-up program, as she refused adjuvant therapy. Nine months later, a follow-up chest x-ray showed multiple secondary lung lesions unsuitable for surgical excision. After a multispecialty evaluation, based on the absence of symptoms and the palliative intent of treatment, the patient underwent 3 days of ifosfamide continuous infusion; cycles were repeated every 3 weeks. After six cycles, the patient had partial response and she was asymptomatic during the subsequent follow-up period. Thirteen months later, a CT scan showed lung disease progression that required a systemic therapy consisting of 1,000 mg/mq gemcitabine on days 1 and 8, every 3 weeks. The patient did not improve after four cycles of treatment (June 2017). Since then, the patient chose a 1-month rest period from chemotherapy, until a further progression of lung lesions was documented. A third-line chemotherapy regimen, based on continuous infusion of high-dose ifosfamide, was administered for seven consecutive days over 14 days for eight cycles. In July 2018, pulmonary disease further progressed and, after 2 months, the patient died due to respiratory failure.



Case 4

A 75-year-old woman underwent right quadrantectomy surgery for a pT1cN0, estrogen receptor positive breast cancer. The patient was treated with CMF (cyclophosphamide plus methotrexate plus 5-fluorouracil) in an adjuvant chemotherapy setting and RT of the right breast (50 Gy by photons in 25 fractions + 10 Gy by single direct 9-MeV electron field in 5 fractions), followed by 5 years of anastrozole therapy. Two years later, during a follow-up visit, a left parascapular mass was noticed. Biopsy and radical excision showed moderately differentiated leiomyosarcoma (G2) showing giant cells with morphologically recognizable smooth muscle differentiation, histological grade 6 according to the French Federation of Cancer Centers Sarcoma Group, and pT2a according to TNM staging (7th ed.). Histologically, it was described as a malignant mesenchymal neoplasm composed of spindle cells with a marked cyto-nuclear atypia and eosinophilic poorly defined cytoplasm, organized in parallel bundles. The immunophenotypic profile was as follows: positive for vimentin, SMA, EMA (epithelial membrane antigen), and actin (clone HHF-35), and negative for CK-pan, Melan A, desmin, CD34, and S-100. The patient underwent post-surgery radiotherapy with 200 cGy for 30 fractions. After 14 months of follow-up, a local relapse in the left humerus-scapular region was observed and excised. Histological evaluation defined a high-grade pleomorphic sarcoma with skin ulcerative lesions, infiltrating subcutaneous tissue and showing vascular embolization. Due to the patient’s poor general condition and comorbidities, she was not suitable for further systemic chemotherapy, and, after a period of palliative care, she died.



Case 5

The patient is a 61-year-old woman with a diagnosis of left breast infiltrating ductal carcinoma, pT1cN0, grade G2, ER 98%, PGR 20%, HER2+, who underwent quadrantectomy and axillary lymph node dissection followed by adjuvant chemotherapy, radiotherapy (50 Gy in 25 fractions + 10 Gy in 5 fractions by photons), and letrozole administration for 5 years. After 6 years of follow-up, the patient was diagnosed with a left breast locally advanced angiosarcoma, for which she received neo-adjuvant chemotherapy. One year later, the patient underwent a left mastectomy. After one month, a new mass was noticed. Nine months onward, the patient had right breast mammography and bilateral ultrasound examination, which showed a new lesion on the right breast along with an ulceration on the left thoracic wall. The patient met with our plastic surgery team and she was then subjected to surgical excision and electrochemotherapy for both lesions. Histological examination documented a high-grade angiosarcoma (G3), positive for Factor VIII and CD31, with extensive areas of necrosis and ulceration. During the last follow-up record, 3 months after surgery, she showed local condition improvement but soon after she died.



Case 6

The patient is a 53-year-old woman with a left breast triple-negative infiltrating ductal carcinoma, pT2N1 (N+8/24), G3, surgically excised through left radical mastectomy and axillary lymph node dissection. Following the decision of the Multispecialty Tumor Board, adjuvant antracycline–paclitaxel combination regimen was administered. After 12 years, a local relapse (grade 3 invasive adenocarcinoma) infiltrating dermis and muscle tissue and extending to the thoracic wall was diagnosed. The pathologist described a triple-negative breast cancer with Ki67 index at 50%. The patient underwent surgical excision of pectoral muscle and further chemotherapy treatment with CMF was administered. Seven months onward, radicalization surgery was performed. The patient was then subjected to chemotherapy with epirubicin and paclitaxel, and local radiotherapy plus CWB (chest wall boost) (50 Gy in 25 fractions + 10 Gy in 5 fractions by photons).

The patient had regular clinical and radiological follow-up for 14 years until a left axillar mass and enlarged lymph nodes were detected. Biopsies of the left chest wall showed neoplasm from globose cells with highly pleomorphic nuclei immersed in large necrosis areas. The immunophenotypic profile was found to be positive for CD10, desmin, muscle actin HHF-35, and CD68 (occasionally), and negative for Myo D1, SMA, S-100, CK-pan, CD31, CD34, and Factor VIII; Ki67 proliferation index was 50%. On these bases, it was referred to as a high-grade phyllodes tumor or sarcoma with myofibroblastic/pleomorphic differentiation. Disease evaluation with magnetic resonance imaging (MRI) and CT showed an extensive mass with lymph node metastases. The patient received chemotherapy based on epirubicin and ifosfamide. After two cycles, the patient’s conditions deteriorated with massive pleural effusion and chest invasion, which led to the patient’s death.



Case 7

The case concerns a 63-year-old woman who, in 2011, underwent left breast quadrantectomy and axillary lymph node dissection for infiltrating ductal breast cancer [pT1cN1(1/18), G2, ER: 90%, PGR: 60%, Ki67 index at 15%, and HER2 negative]. Thereafter, the patient received chemotherapy with six cycles of FEC regimen (5-fluorouracil, epidoxorubicin, and cyclophosphamide), radiotherapy (50 Gy in 25 fractions + 10 Gy in 5 fractions by photons), and letrozole for 5 years. During the follow-up, 9 years later, there was evidence of an ulcerated and bleeding left breast lump, 7 cm in diameter, adherent to the chest wall, and a suspect of bilateral secondary pulmonary lesions through total body CT. A biopsy of the lesion documented a morphological picture showing fibrotic tissue and atypical epithelioid cell aggregates that sometimes optically border empty spaces. The absence of Pan-cytokeratin and positivity for vascular markers was reported. Ki67 was positive in 60% of neoplastic cells. The overall picture was traceable to angiosarcoma. The patient received a single radiofrequency thermoablation session on the breast lesion, resulting in suspension of bleeding, and a first-line chemotherapy for radio-induced angiosarcoma based on three cycles of gemcitabine and docetaxel but without benefit. In July 2021, after internal collegial discussion and sharing the case with a Cancer Center specialized in sarcomas, the patient received one electrochemotherapy session and then a second-line chemotherapy based on weekly doxorubicin administration. A new disease evaluation was made after nine chemotherapy cycles; CT images showed stable pulmonary nodes and no new mass onset. The patient was subjected to another session of electrochemotherapy after 6 months. Biopsy showed chronic and acute inflammation with ascending characters and giant cells from foreign body, marked fibrosis, and epidermal atrophy but no evidence of neoplasm. The patient received 15 cycles of chemotherapy. During the last follow up, in March 2022, she has shown stable disease.




Discussion

Although radiotherapy represents one of the cornerstones in cancer treatment, it has been assessed that RIS could be a complication. Since the interval between the RT and RIS occurrence is long, it is a key point to perform a strict and continuous follow-up to make an early and accurate diagnosis in order to guarantee an adequate treatment. Overall, RIS represented less than 4% of all sarcoma patients, and arose in 0.19% and 0.10% of RT-treated breast and head and neck cancers, respectively. These results are in line with previous reports (5, 12, 17–20). Our cohort of patients showed clinicopathological features similar to those in existing literature (13, 14). In our study, female patients with RIS were about 85% (6/7), according to the high prevalence of primary breast cancer in women (21). In previous studies, a median age of primary tumor diagnosis ranging from 41 to 46 years, a median latency period to RIS from 8 to 14 years, and a median age at RIS presentation ranging from 52 to 59 years have been reported (21). In slight contrast, we found that our patients were older at primary cancer diagnosis (57.3 years) and that they were characterized by a shorter RIS latency period (7.6 years), which also delayed the median age at RIS diagnosis (64.8 years) (14). This shorter latency time might be in part associated with concurrent chemotherapy administered to treat primary tumor, as previously described by Zhang et al. (22). However, the median survival time, 36 months, was found to be quite comparable to that from other reports (14, 23).

Despite their low incidence, RIS is characterized by high aggressiveness from both local and systemic points of view, which results in high mortality rates. Recent reports highlighted the non-inferiority of the hypofractionated radiation regimen as compared with the conventional one (24, 25). Notably, although long-term real-life data on the RIS risk associated with hypofractionated irradiation are lacking, some reports highlight the possible occurrence of secondary cancers in the irradiated field (26, 27). R0 resection is widely considered the only curative chance for these patients (28), although all RIS patients in our case series had tumor relapse after surgical resection. Moreover, our patients received scarce benefits from multiple lines of chemotherapy. However, the poor prognosis of RIS patients did not discourage the employment of radiotherapy, an indispensable therapeutic approach for cancer treatment, since its benefits undoubtedly outweigh the risks.



Conclusions

RIS is a possible complication of long-survivor cancer patients; thus, much attention has to be paid to early diagnose these cancers to employ optimal lifesaving therapies. Adherence to a strict follow-up regimen after the radiation treatment to assess and mitigate the risk of post-radiation tumor onset is recommended. After the planned follow-up period, considering the long-term risk to develop a RIS, it is also necessary to apply a specific survivorship care plan. Our center is working to organize a multispecialty survivorship program that will include hospital physicians, general practitioners, and outsource experts specialized in supportive discipline, including nutritional support.
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Background

Pancreatic neuroendocrine tumor (NET) is rare, and the majority presents late in their clinical course. Here, we present a huge locally advanced pancreatic NET having Hi-Art helical Tomotherapy that resulted in a 68% reduction in target volume during adaptive image-guided radiotherapy (IGRT).



Case summary

A 63-year-old man without any history of systemic disease developed voiding difficulty for several months. Associated symptoms included poor appetite, nausea, distended abdomen, and body weight loss. Further magnetic resonance imaging showed a large multilobulated tumor in the left upper abdomen. Tumor biopsy revealed well-differentiated, grade 2, neuroendocrine tumor. Complete resection was unattainable. Therefore, Lanreotide was prescribed initially. However, tumor progression up to the greatest diameter of 18 cm was noted on computed tomography 5 months later. Thus, he stopped Lanreotide and commenced on concurrent chemoradiotherapy (CCRT). With a total dose of 70 Gy in 35 fractions, we generated two adaptive treatment plans during the whole course. Laparoscopic subtotal pancreatectomy with spleen preservation was performed after neoadjuvant CCRT. It has been more than 3 years after IGRT, and he remains cancer free and reports no side effects during regular follow-ups.



Conclusion

Tomotherapy caused tumor size reduction and hence facilitated surgical possibility for this originally unresectable pancreatic NET. Neoadjuvant IGRT incorporated with adaptive treatment planning enhanced delivery accuracy. In this case of pancreatic NET resistant to Lanreotide, inter-fractional tumor regression from 1910 to 605 cc (68%) was documented.





Keywords: Tomotherapy, pancreas, abdomen, unresectable neuroendocrine tumor (NET), neuroendocrine neoplasm (NEN), image-guided radiotherapy (IGRT), adaptive planning, case report



Introduction

Pancreatic neuroendocrine tumor (NET) is a rare type of neuroendocrine neoplasm (NEN) that arises from endocrine cell in pancreatic tissue, accounting for only 3% of all pancreatic tumors (1). The majority of pancreatic NETs are non-functional without defined clinical syndrome or abnormal hormone profiles, and their presentation is often delayed until significant mass effect or distant metastasis (2). In this situation, curative surgical resection is often intricate. However, the role of surgical resection in the treatment of pancreatic NET is imperative. Hill et al. have investigated the impact of resection on overall survival. Resection of pancreatic NET was related to significantly improved survival in contrast with those patients who were recommended for surgery but did not undergo resection (114 vs. 35 month; p<0.01) (2).

Surgery was, however, not recommended in cases of giant size and small probability of complete resection. Combining different treatment modalities prior to definitive surgical intervention was hence applied. Radiotherapy used as a main treatment of primary pancreatic NET is novel and not often reported, although it has long been regarded as an approved treatment option in palliative symptom relief (3). Here, we present a case of locally advanced unresectable pancreatic NET who underwent neoadjuvant concurrent chemoradiation (CCRT) via Tomotherapy and subsequent surgical resection successfully. To the best of our knowledge, this is the first reported pancreatic NET who had 68% regression of target volume during IGRT of 70 Gy.



Case description

A 63-year-old man without any history of systemic disease developed voiding difficulty for several months prior to his presence in the hospital. Associated symptoms included poor appetite, nausea, distended abdomen, and body weight loss. Further abdominal magnetic resonance imaging (MRI) showed a large multilobulated tumor with the size of 16.1 × 14.9 × 14.5 cm in the left upper abdomen (Figure 1A). During physical examination, a very big abdominal mass was palpated in the left upper quadrant with firm texture. The mass was fixed with regular border. His laboratory data, such as alpha-fetoprotein and carcinoembryonic antigen, were within normal limits. He received tumor biopsy in which it revealed tissue fragment infiltrated by tumor cells bearing relatively uniform round nuclei and high nucleus–cytoplasm ratio arranged in sheet or rosette-like patterns. Immunohistochemical staining showed positive for chromogranin A, synaptophysin, and somatostatin receptor 2A (SSTR2A) (Figures 2A–C). Moreover, the mitotic activity was about 3 per 10 high-power fields. The Ki-67 labeling index was about 4%. Well-differentiated, grade 2, neuroendocrine tumor was diagnosed.




Figure 1 | (A) Pretreatment magnetic resonance imaging (MRI) image depicting a multilobulated tumor with the size of 16.1 cm × 14.9 cm × 14.5 cm in the left upper abdomen. (B) Tumor progression up to the greatest diameter of 18 cm in the axial view of computerized tomography (CT) scans after treatment of Lanreotide. (C) Prominent tumor shrinkage after concurrent chemoradiation. (D) At least 50% reduction of tumor axial perpendicular diameters in preoperative CT.






Figure 2 | (A) Chromogranin, (B) synaptophysin, (C) somatostatin receptor 2A, and (D) monomorphous round to cuboidal cells arranging in solid and trabecular patterns. These cells have rich cytoplasm, and salt and pepper nuclei (hematoxylin–eosin stain; original magnification, 100×). (E) The immunohistochemical study reveals immunoreactivity of synaptophysin (original magnification, 100×).



There was no metastasis or regional lymph node involvement under initial MRI and further contrast-enhanced computerized tomography (CT). Because the tumor size was too large to differentiate the primary affected organ and the border of the tumor was implicated with surrounding organ, complete resection was not achievable. Therefore, Lanreotide was given initially. However, marked enlargement up to the greatest diameter of 18 cm was noted on CT scan 5 months later (Figure 1B). Coinciding with this, he complained about bulging abdomen interfering with digestion. In the second-line therapeutic regimens, there are multiple anti-tumor therapy including Everolimus- or Sunitinib-based targeted therapy, chemotherapy, and even peptide receptor radionuclide therapy (PRRT). Among these therapies, PRRT was not achievable in our hospital, and reimbursement for Temozolomide for pancreatic NET was not included in the National Health Insurance of our country. Given the bulky and progressive disease status, a second-line therapeutic regimen with cytotoxic chemotherapy was taken into consideration. After offering multidisciplinary treatment options in the full discussion with the patient and his families, CCRT was chosen for strengthening local control. Thus, he began to receive capecitabine + oxaliplatin (XELOX) concurrently with image-guided radiotherapy (IGRT).

We utilized the Hi-Art helical Tomotherapy, version 2.2.4.1 (TomoTherapy, Inc., Madison, WI). The planned total dose was 70 Gy in 35 fractions. The dose statistics was provided in the supplementary material regarding doses of the various organs at risk at each of the three plans, e.g., kidneys, liver, stomach, and spinal cord. After 14 fractions, we performed adaptive treatment planning to better suit regressed tumor. The target volume has shrunk from 1,910 to 1,057 cc (Figures 3A, B). Again, after 10 more fractions, IGRT revealed further shrinkage. Another new adaptive plan was administered, since the target volume has shrunk from 1,057 to 605 cc (Figures 3B, C). Corresponding with radiological response, his urinary and abdominal symptoms improved. The tumor volumes of the enhanced CT before and after radiotherapy have been calculated by the radiation oncologist utilizing a segmentation tool program. It was 2,199.35 cc before radiotherapy and 315.54 cc after radiotherapy. On the third month of CCRT, MRI showed a continuously decreased tumor dimension (Figure 1C). The axial perpendicular diameters of the tumor reduced at least 50% in preoperative CT after CCRT (Figure 1D).




Figure 3 | (A) Isodose curves depicting a target volume of 1,910 cc in the initial treatment plan of Tomotherapy. (B) Target volume reduced from 1,910 to 1,057 cc after 14 fractions. (C) Target volume reduced from 1,057 to 605 cc after 10 fractions. (D) Multidisciplinary treatment course of the patient from the day of initial presentation until definitive surgery: adaptive Tomotherapy plans were administrated twice at the timing of substantial target volume reduction from 1910 to 1,057 cc and from 1,057 to 605 cc, respectively.



His baseline performance status before CCRT was Eastern Cooperative Oncology Group (ECOG) grade 1 with only mild urinary frequency but no other complaint. There was also no acute radiation-induced nausea, diarrhea, or abdominal cramping. The radiotherapy-related toxicity was evaluated by the Common Terminology Criteria for Adverse Events (CTCAE) v4.0. Radiotherapy was well-tolerated without acute toxicities >2. In addition, his kidney function, as measured by creatinine clearance, remains mostly the same throughout the radiotherapy. He developed grade 1 radiation-induced dermatitis with mild erythema and later worsened because of a weekend trip swimming in the ocean. Grade 2 dermatitis subsided after Tomotherapy. Apart from avoiding disease progression, CCRT under current regimens resulted in tremendous tumor volume shrinkage. To achieve the best prognosis for the patient, curative surgical resection of tumor was indicated. Laparoscopic subtotal pancreatectomy with spleen preservation was performed, and the surgeons did not report any unusual difficulty. Pathology confirmed a pancreatic NET with the size of 12 × 10 × 6 cm and weighed 315.9 g with American Joint Committee on Cancer (AJCC) stage II, ypT3 (Figure 2). The surgical margin was 15 mm and uninvolved by tumor, which was confined to the pancreas.

The patient recovered well without post-operative complication. There was neither diabetes mellitus, postoperative ileus, nor surgery-related infection after subtotal pancreatectomy. Then, he was under regular surveillance in the outpatient department with abdominal CT every 3 months in the first year post-resection and every 12 months after the first year post-resection. It has been more than 46 months since his diagnosis of pancreatic NET, and he has no recurrence or distant metastasis during regular follow-ups. The overview of the clinical course of this patient is illustrated in Figure 3D.



Discussion

Surgical resection is the only treatment that can cure pancreatic NETs, and it is recommended to remove all localized and limited metastatic disease (4). However, for our patient who presented with a sizeable tumor burden causing high surgical risk and impossibility of complete tumor resection, other modality like somatostatin analogues was applied. Within 5 months of commencing Lanreotide, this locally advanced tumor kept progressing. We shifted to CCRT for tumor growth control and symptom alleviation. Radiotherapy acted as a bridge forward to curative surgical resection. This patient was able to receive curative operation when the tumor became smaller to less than one-third of the original size after CCRT.

Although radiotherapy is not considered a curative method as much as surgery, Iwata et al. demonstrated that radiotherapy was effective for local control in pancreatic NET. This retrospective study included 11 patients with pancreatic NET who received radiotherapy with maximum dose of 60 Gy in 30 fractions and ended up having 100% disease control rate (1). In addition, symptomatic relief owing to reduction in the physical pressure from large tumor burden was obvious after radiotherapy. However, Iwata et al. disclosed that median progression-free survival (PFS) and median overall survival for patients with pancreatic NET were 5.5 months (95% confidence interval [CI], 3.7–28.2 months) and 35.9 months (95% CI, 9.04 months—not reached), respectively (1). On the contrary, our patient had been alive without disease recurrence for 45 months. In our case, radiotherapy was delivered up to 70 Gy in 35 fractions via Tomotherapy with image-guided and adaptive planning ability. Nine of 11 patients in the study of Iwata et al. utilized three-dimensional conformal radiation therapy, which delivered 50–54 Gy in 25–30 fractions (1). Moreover, the fact that 8 of 11 patients were in metastasis status and only one patient underwent post-RT surgical resection was the major cause of the different prognosis between the study of Iwata et al. and our case (1).

Tomotherapy allows radiation oncologists to visualize inter-fractional radiation responses. Kupelian et al. illustrated the benefit of IGRT in head and neck tumors by comparing the severity of inter-fractional setup errors. Even if imaging guidance was performed every other day, about 10% of all fractions still had a setup error over 5 mm (5). In addition to setup errors and organ mobilization, the dimension of targeted tumor was likely to change after each fraction, which may cause daily deviation. Different anatomic sites also have various setup uncertainties. Studies have shown that inter-fractional displacement in the lung is the largest followed by that in the abdomen (6). The mean 3D displacement (average of lateral, longitudinal, vertical, and rotational direction) of inter-fractional variation in the abdomen was 4.4 mm (6). The advantage of applying IGRT to avoid daily variation before abdominal irradiation is evident.

The recent advancements in radiotherapy technologies have made the delivery of the highly conformal dose to the target volume possible. The organ at risk that needed to be considered first was the kidneys. With the aim of maximal renal parenchymal sparing, radiotherapy was delivered. We provide the dose statistics in the supplementary material regarding the doses of the various organs at risk at each of the three plans, e.g., kidneys, liver, stomach, and spinal cord. With daily IGRT via Tomotherapy, we have carefully prescribed 70 Gy in 35 fractions, exceeding the doses of previous reports for pancreatic NET while causing no chronic-radiation-induced side effect (7). Bresciani et al. reported minimal toxicities from 66 Gy in 30 fractions delivered via Tomotherapy for para-aortic lymphadenopathy in the upper abdomen (8). The majority of patients received 45–50.4 Gy in 1.8 Gy per fraction as their abdominal radiation course. Radiation-induced diarrhea or emesis is commonly seen during abdominal–pelvic radiotherapy. Wang et al. has calculated that mean dose to the small bowel is associated with radiation-induced emesis. They suggested to limit the constraint of the small bowel mean dose to <63% of the prescribed dose (median, 28.35 Gy) (9). In the present case, the mean dose of the small bowel was 26.56, 24.97, and 18.39 Gy, respectively, in all three plans.

Somatostain analogues (SSAs) have been used in advanced or grade 1 or 2 (Ki-67 <10%) enteropancreatic, somatostatin receptor-positive NET (10), and the National Comprehensive Cancer Network (NCCN) guidelines have regarded it as an appropriate drug for symptom control and prevention of tumor progression (3). However, the huge tumor remained enlarged and resistant to Lanreotide in our case. The clinically predictive factors for tumor resistance in SSA can be determined by baseline tumor growth rate, and the patients can then be stratified by disease status and documented progression status to individualized treatment protocol (11). In pathological or molecular aspect, the NCCN guideline recommended using SSA on patients with positive SSTR2A expression (3). Recent research also showed the significant correlation between SSTR2A expression and the clinical efficacy of Lanreotide (12). Increased Ki-67 index and poorly differentiated NET also had unsatisfying SSA treatment outcome (13). In addition, genetic difference had been found between poorly differentiated neuroendocrine carcinoma (NEC) and well-differentiated NET. Poorly differentiated NEC, which includes small- and large- cell NEC, has frequent loss of immunolabeling patterns in p53 and Rb (14). On the other hand, loss of nuclear death domain-associated protein (DAXX) and alpha-thalassemia X-linked intellectual disability syndrome (ATRX) immunolabeling was observed in 5 of 11 (45%) well-differentiated pancreatic NET (14). There is also more clinical value of the finding of ATRX and DAXX gene mutations. In one recent meta-analysis, altered ATRX and DAXX gene had significant correlation with the prognosis of pancreatic NET (15). Disease- and relapse-free survival significantly decreased in patients who had ATRX and DAXX mutations (15). However, the present case did not undergo genetic testing as part of the assessment. More advanced investigation on molecular characteristics of pancreatic NET can help us predict the prognosis and set individualized clinical practice.

Our patient had a huge locally advanced abdominal tumor cured without chronic treatment-related complication. We searched on PubMed and Medline databases for articles written in English from 2016 to 2022 with keywords such as “Abdominal mass,” “Neuroendocrine tumor,” and “locally advanced.” Table 1 shows the clinicopathological characteristics of eight recent cases. The definitive treatment for NET is surgical resection, and the resectability is associated with size and location. The cases whose primary site was in the liver or duodenum or colon received surgery as primary treatment even if the tumor size was up to 20 cm × 16 cm × 11 cm (18–20, 22). Tumors with the pancreas as the primary site and with an initial tumor diameter of 4/3.8 cm were able to be resected (16), and yet, some researchers preferred chemotherapy and radiotherapy in tumors with the greatest diameter up to 9.8 cm (17). In the case of a 9.8-cm pancreatic NET, systemic therapy followed by CCRT with 54 Gy in 30 fractions was applied and reached partial response (17). Similar to our case, CCRT was used. With unprecedented 70 Gy, a 68% reduction in target volume followed by a successful conversion to resectable status was presented in our case. Quite the opposite, colorectal NET was rare and often diagnosed very late, and bowel perforation was noted in the case of Alshammari et al. (19). Namikawa et al. presented a case of gastric NET that developed hepatic metastasis (diameter up to 25 cm). Spontaneous rupture of hepatic metastasis was noted 8 months after initial treatment with everolimus plus somatostatin (21).


Table 1 | Clinicopathological characteristics of reported cases of locally advanced abdominal neuroendocrine tumor.



Further prospective studies with larger patient numbers are required to establish the role of IGRT in huge NET (7). However, it is often not expected to see one with such considerable size in the present case. It is imperative to take into consideration various treatment options for the best benefits of each individual patient. As in our case, IGRT showed its value in optimizing the therapeutic ratio by maximizing target dose safely. Most of all, the conversion of surgical suitability has extended his disease-free survival.



Conclusions

IGRT via Tomotherapy has eased the patients’ symptoms from such 18-cm pancreatic NET in this case. Apart from complete relief of abdominal and pelvic discomfort, CCRT caused a 68% target volume reduction (1,910 to 605 cc) and facilitated further surgical resectability. To the best of our knowledge, this is the first reported case using Tomotherapy to deliver 70 Gy to a pancreatic NET with such favorable outcome. Adaptive planning helps to modify doses according to volumetric changes.



Patient perspective

I was at first disheartened with the diagnosis of an inoperable tumor. When I came to the Department of Radiotherapy, I was dismayed and yet impressed by the coordination of simulation scanning and resource intensive re-planning due to markedly shrinkage of the tumor. Following more and more fractions of Tomotherapy, I felt vigorous because of a flatter belly coinciding with the diminished tumor volume. I remember swimming at the beach during the radiation treatment course, and the belly skin became painful, which was later relieved by topical medication from Dr. Lee. She advised me to be heedful of skin care. Owing to the strikingly smaller size after radiotherapy, I was able to take on surgery followed by an uneventful postoperative recovery. It has been almost 4 years, and I am energetic with my cancer-free life.
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Choroidal melanoma is the leading primary intraocular tumor with potentially fatal outcomes in adults. The coexistence of choroidal melanoma and a macular hole is extremely rare, and treatment strategies and information on the prognosis of associated complications are currently lacking. We report the first case of choroidal melanoma complicated with a macular hole and vitreous hemorrhage after stereotactic hypofractionated radiotherapy in Japan, and review the relevant literature in relation to the possible mechanisms, treatment strategies, and outcomes. An 83-year-old male with choroidal melanoma was treated with stereotactic hypofractionated radiotherapy in January 2021. Five months later, a full-thickness macular hole developed, followed by an acute massive vitreous hemorrhage about 2 weeks later. Following confirmation of tumor regression, the patient underwent a pars plana vitrectomy and internal limiting membrane peeling. The macular hole was closed postoperatively and the patient’s best-corrected visual acuity improved to 20/125. There was no evidence of intraocular tumor dissemination or distant metastases during follow-up. A systematic literature search only identified 10 previous cases of choroidal melanoma with a macular hole in eight reports worldwide, mainly in females. Macular edema may be the primary cause of macular hole formation in these cases. Most patients who underwent vitrectomy for complications after tumor regression achieved a good prognosis. The development of a macular hole is a rare complication associated with choroidal melanoma. Anterior-posterior traction of posterior vitreous detachment and secondary macular edema may have contributed to the formation of the macular hole in the current case.
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Introduction

Choroidal melanoma is the leading primary intraocular malignancy among adults (1), with a low incidence of 0.6 cases per million per year in Japan (2). However, considering the high mortality rate of malignant metastases, this life-threatening disease should be diagnosed and treated promptly. Radiation therapy, including plaque brachytherapy, proton beam radiotherapy, and stereotactic radiotherapy, is an alternative to enucleation and has become the first-line treatment for choroidal melanoma (3–5). However, the tumor may be accompanied by complications, such as vitreous hemorrhage, rhegmatogenous retinal detachment, and macular hole (MH). Care is therefore needed to prevent intraocular or extraocular tumor dissemination during therapy for these complications (6).

Choroidal melanoma coexisting with a MH is extremely rare. To the best of our knowledge, only 10 previous cases have been reported worldwide (6–13), none of which occurred after stereotactic hypofractionated radiotherapy, and with limited information on the treatment of associated complications. Herein, we report on a patient who was diagnosed with asymptomatic choroidal melanoma with atypical presentation, and who developed a full-thickness MH and vitreous hemorrhage during follow-up, which was eventually repaired by pars plana vitrectomy (PPV) with internal limiting membrane (ILM) peeling. We also reviewed the relevant literature regarding the possible mechanisms of MH formation in patients with choroidal melanoma, and the corresponding treatment management and outcomes.



Case presentation

An 83-year-old man was referred to our hospital with suspected serous retinal detachment in his left eye. The patient’s clinical course is presented in Figure 1. The best-corrected visual acuity (BCVA) was 20/20 in his right eye and 20/17 in his affected left eye. The intraocular pressure was normal (14 mmHg in the right eye and 13 mmHg in the left eye), and there were no appreciable findings in the anterior segments. Ultra-wide-field fundus photography (Figure 2A) of the left eye revealed an elevated choroidal mass with a central dark brown speckle in the nasal quadrant, about 4 disc diameters from the optic disc, along with concomitant posterior vitreous detachment (PVD). Fluorescein angiography showed that the choroidal mass had early diffuse hyperfluorescence with a central area of hypofluorescence (Figure 2B). Indocyanine green angiography showed blocked fluorescence due to the choroidal mass and a small hyperfluorescent area at the margin in the late stage (Figure 2C). Magnetic resonance imaging demonstrated a tumor measuring 5.9×5.7 mm in basal dimensions and 4.1 mm thick, with a hyperintense signal toward the vitreous cavity on axial T1 imaging-fast spin-echo (Figure 2D). Iodine-123 isopropyl iodoamphetamine brain single-photon emission computed tomography revealed high focal uptake in his left eye, corresponding to the choroidal tumor (Figure 2E). The patient underwent integrated positron emission tomography/computed tomography, and a transaxial section across the left eye revealed no fluorodeoxyglucose activity and no evidence of distant metastases. There were no abnormalities in the fellow eye.




Figure 1 | Clinical course of the patient with choroidal melanoma. UWF, ultra-wide-field fundus photography; OCT, optical coherence tomography; FA, fluorescein angiography; ICGA, indocyanine green angiography; MRI, magnetic resonance imaging; PET-CT, positron emission tomography-computed tomography; SPECT, single-photon emission computed tomography; CFP, color fundus photography; BCVA, best-corrected visual acuity; LP, light perception; PPV, pars plana vitrectomy; ILM, internal limiting membrane.






Figure 2 | An 83-year-old man with choroidal melanoma. (A) Ultra-wide-field fundus photography revealed a white, elevated choroidal tumor with a central dark brown speckle (arrow) in the nasal quadrant and posterior vitreous detachment (arrowhead) inferior to the optic nerve. (B) Fluorescein angiography showed early hyperfluorescence corresponding to the mass. (C) Indocyanine green angiography showed blocked fluorescence and a small hyperfluorescent area at the edge. (D) Magnetic resonance imaging demonstrated a hyperintense tumor (arrow) with a smooth border on axial T1 imaging-fast spin-echo. (E) Iodine-123 isopropyl iodoamphetamine brain single-photon emission computed tomography showed high uptake in his left eye (arrow).



The patient received a course of stereotactic hypofractionated radiotherapy (60 Gy in 5 fractions) for 5 consecutive days after the clinical diagnosis of choroidal melanoma. Five months later, the patient complained of visual deterioration with a BCVA of 20/50 and distortion in his left eye. Fundus examination and optical coherence tomography showed a full-thickness MH (stage 4) with cystic cavities (Figure 3A). Approximately 2 weeks later, his BCVA had decreased to 20/2000, attributed to an acute massive vitreous hemorrhage (Figure 3B). Repeat positron emission tomography/computed tomography examination showed no significant abnormalities or metastases. We therefore performed a vitrectomy and inverted ILM peeling. During surgery, we found a massive subretinal hemorrhage, abundant fibrin, and retinal fragility but no obvious tears in his left eye. Gas-fluid exchange was completed at the end of surgery using 20% sulfur hexafluoride. After the first vitrectomy, the MH was closed on optical coherence tomography examination. However, the vitreous hemorrhage reappeared 2 weeks later and we performed a second vitrectomy after 4 months of observation. The MH remained closed after the two procedures (Figure 3C), the retina remained attached, the tumor displayed marked regression, and the BCVA had improved to 20/125.




Figure 3 | Fundus appearance in the patient with choroidal melanoma before and after vitrectomy. (A) Five months after radiotherapy, a full-thickness macular hole with cystic cavities was shown on optical coherence tomography. (B) A further 2 weeks later, a massive vitreous hemorrhage appeared on ultra-wide-field fundus photography. (C) The macular hole was successfully closed after pars plana vitrectomy with internal limiting membrane peeling.





Review of the literature

We conducted a literature review by searching the PubMed, Cochrane Library, and Web of Science databases using the keywords (“choroidal melanoma” OR “uveal melanoma”) AND (“macular hole” OR “retinal tear”), (“uveal neoplasms” OR “ choroidal neoplasms”) AND (“macular hole” OR “retinal tear”), for articles published from December 1951 to March 2022. The search was limited to publications in English. We reviewed the abstracts and full texts of the identified articles and the related references. Simultaneous occurrence of choroidal melanoma and MH was reported in 10 patients in eight publications (6–13), after excluding one case with MH in which it was difficult to determine the intraocular tumor type (14) and one case in which MH was considered a post-vitrectomy complication (15). The findings of the literature review and the current case are presented in Table 1.


Table 1 | Review of previously reported cases of choroidal melanoma with macular hole and the current case.



The total of 11 patients included four males and seven females, with an average age of 68.1 ± 13.2 years (range, 45–84 years). Five cases were reported in America, three in Europe (England, Italy, Switzerland), and two in West Asia (India, Israel). The current case was first documented in Japan (East Asia). The mean tumor-base diameter was 10.2×9.6 mm and the mean thickness was 4.9 mm. Most cases had a melanotic appearance, but the present case appeared amelanotic. Regarding the treatment of the tumor, one case underwent enucleation due to the large size of the tumor (height 13 mm) and total retinal detachment (10), one case underwent transscleral local resection (13), and the remaining cases were treated with radiotherapy, including stereotactic hypofractionated radiotherapy (the only treatment in the current case). MH developed in five cases after radiotherapy and in one case after resection, and was observed in four cases at melanoma diagnosis. The most common concomitant manifestations during the follow-up period were retinal detachment and macular edema; the present case was the only one in which PVD and massive vitreous hemorrhage were observed. Five cases with MH were repaired with PPV and ILM peeling and achieved good results, except for the absence of detailed information on the macular prognosis in one case (6) and one case that was unsuccessfully repaired by PPV and eventually underwent enucleation (13). Two cases that underwent observation (7) and subtenon triamcinolone acetonide injection (11), respectively, ended in failure of macular closure. One case reported by Gold et al. died of suspected metastatic disease (7), but no recurrence or metastases were reported in the remaining cases.



Discussion

Uveal melanoma is a severe intraocular malignancy with an elevated gray or gray-brown appearance, which predominantly occurs in Caucasians and is generally complicated with exudative retinal detachment and occasional vitreous hemorrhage (1, 16). Rarely, MH can develop, and appropriate procedures must be followed to avoid metastasis (7). We presented a case with an atypical manifestation of choroidal melanoma with MH and subsequent vitreous hemorrhage in a patient who achieved a good prognosis after treatment.

Full-thickness MH represents an anatomical defect in the fovea involving interruption of all the retinal layers from the ILM to the retinal pigment epithelium (17). Notably, MH is more prevalent in women over the age of 60 years, due to hormonal influences (18), which may explain the high proportion of women in the above case series. There are several hypotheses regarding the co-occurrence of melanoma and MH. Typically, the development of MH in the retina has been attributed to anterior-posterior traction, commonly induced by PVD (19). In our case, PVD was detected by fundus observation at the first diagnosis, with no obvious retinal break. Although the specific etiology was unclear, we presumed that the PVD might have been caused by chronic tumor-related vitreous inflammation or floating blood cells, which could induce vitreous condensation, liquefaction, and final separation from the retina. In elderly patients, PVD may be caused by an inevitable, complex series of events such as synchysis and syneresis in the vitreous (17). It is therefore also possible that normal age-related PVD with secondary MH may have occurred coincidentally with melanoma in our case. In addition, tangential traction possibly resulting from an epiretinal membrane or increasing tumor height/thickness causing a lateral shift of vitreomacular traction may also play an important role in the pathogenesis of MH (20), as in a prior case report (7).

However, degenerative etiologies such as cystoid macular edema (CME) and secondary rupture of cysts may be responsible for the formation of MH, as seen in four previous reports (7, 8, 10, 11). Retinal degeneration overlying the tumor, intraretinal edema secondary to chronic exudative retinal detachment, or an inflammatory cellular reaction to the necrotic tumor in the vitreous may lead to the development of CME in patients with melanoma (21). In one case in which peripheral melanoma was associated with CME, trypsin digest preparation of the intraretinal space demonstrated abnormal capillary architecture, which was thought to account for vascular leakage (22). CME may have been caused by an increase in capillary permeability during inflammation, resulting in MH (8). Similarly, we detected cystic cavities in the current case, suggesting that tractional forces followed by retinal tissue degeneration at the macula may have facilitated the formation of the MH.

Stereotactic hypofractionated radiotherapy, iodine-125 plaque brachytherapy, and transpupillary thermotherapy (TTT) are possible options for globe-salvaging treatment in patients with peripherally located tumors (3, 23–25). However, ocular complications such as cataract, glaucoma, maculopathy, and optic neuropathy require prompt attention (26). Mashayekhi et al. reported that most cases of atrophic retinal holes in the TTT-treated area occurred within 6 months after treatment, while retinal atrophy was much less prominent in patients treated with plaque radiotherapy or stereotactic hypofractionated radiotherapy (27, 28). Heat-induced vitreous changes in TTT may lead to vitreoretinal traction or retinal atrophy, which may in turn explain the formation of a retinal hole (27). Balestrazzi et al. described a case of MH that occurred 3 months after TTT in a patient with melanoma. However, given the distance between the tumor and the macula, TTT was considered unlikely to have caused the MH in this case (9). In another case report, Beykin et al. observed an atrophic MH in close proximity to a melanoma after plaque radiotherapy (12). More than 50% of patients in one study cohort suffered late-onset radiation retinopathy 5 years after stereotactic hypofractionated radiotherapy (28). Another study found that the distance from the fovea to the tumor was the primary determinant of maculopathy in patients undergoing radiotherapy (26). In the current case, MH was observed 5 months after stereotactic hypofractionated radiotherapy, and the melanoma site was distant from the macula, thus ruling out the possibility of radiation-induced MH. However, long-term complications still require cautious evaluation in this case.

The incidences of vitreous hemorrhage in patients with uveal melanoma treated with plaque radiotherapy were 15.1% at 5 years and 18.6% at 10 years (29). Radiation can lead to fibrosis and necrosis of tumor tissue, as well as thinning and fragility of the retina, thus increasing the risk of bleeding. Radiation-induced tumor necrosis is most commonly linked to vitreous hemorrhage in melanoma-affected eyes after radiotherapy, followed by proliferative radiation retinopathy and PVD (29). Combined with the surgical finding of bleeding from the tumor surface, we considered that the hemorrhage in the present case was a consequence of acute ischemic shrinkage of the tumor after stereotactic hypofractionated radiotherapy and vascular rupture within the tumor. However, it is important to note that the occurrence of vitreous hemorrhage before melanoma treatment should raise concerns about possible tumor invasion through Bruch’s membrane and diffuse intraocular tumor dissemination (6).

Limited information is available on the treatment of MH and vitreous hemorrhage in eyes with choroidal melanoma. Hypofractionated stereotactic radiotherapy with 50–70 Gy in five fractions or plaque brachytherapy has recently proven sufficient to preserve the eyeball and achieve excellent local tumor control in patients with choroidal melanoma (28, 30). Among these 11 cases we reviewed, two cases did not explicitly state whether a metastasis occurred and one case was unclear whether the macular hole developed before or after radiation treatment, but was lost to follow-up and metastatic disease was presumed. In the remaining cases, no metastases were found during follow-up. Besides, almost all eyes with treated melanoma had a good prognosis in terms of the MH after PPV and ILM peeling treatment. Beykin et al. retrospectively evaluated six patients with radiation-treated choroidal melanoma who developed retinal detachment and one who developed MH, all of whom underwent PPV and ultimately had attached retinas (12). During a 5-year follow-up period, Bianciotto et al. revealed that the resolution rate of vitreous hemorrhage in regressed melanoma eyes was as high as 72% after vitrectomy, and PPV did not increase the risk of tumor recurrence or distant metastasis, with low rates of 3% and 5%, respectively (29). Exceptionally, Foster et al. reported one patient with vitreous hemorrhage before tumor treatment who unfortunately developed intraocular tumor spread after PPV, while the remaining eight patients with tumor regression developed complications including vitreous hemorrhage, MH, or retinal detachment, but showed no tumor spread following PPV (6). Therefore, we consider the complication that happened before tumor treatment will increase the risk of metastasis. In contrast, metastasis is comparatively low if a complication occurs following tumor remission. The timing of vitrectomy in our case was 6 months after tumor radiotherapy and the shortest interval was 3 months in a previous case; with no evidence of tumor dissemination in either case during follow-up (9). The conservative interval for vitrectomy after tumor treatment is unclear, but definite tumor regression should be confirmed before carrying out vitrectomy or other intraocular surgery. Furthermore, direct contact with the tumor or direct instrument interaction should be minimized and all steps should be carried out carefully during surgery.

The expectation of visual improvement also needs to be considered, especially in patients with chronic MH. Two cases of choroidal melanoma still had poor vision after MH repair surgery (7, 12). Conversely, another case who developed MH 3 months after TTT had improved visual acuity from hand motion to 20/80 after timely vitrectomy (9), similar to the current case. PPV after confirmed tumor regression thus seems to be a feasible and effective treatment in terms of anatomical and visual success, and may be more beneficial in cases with newly developed MH. A recent case report notably demonstrated extraocular extension of a brachytherapy-treated choroidal melanoma following PPV and scleral buckle for rhegmatogenous retinal detachment (31). Combined with previous reports, PPV, especially with ILM peeling, might increase the risk of tumor recurrence or migration of tumor cells, but the risks of these surgical complications in patients with regressed tumors are probably low (6). However, minimizing visual loss and preventing metastasis of malignant tumors still require careful assessment to balance the risks and benefits.

In conclusion, there have been few reports of choroidal melanoma complicated with MH and vitreous hemorrhage in the literature. Vitrectomy seems to be feasible for repairing MH in patients with regressed tumors. However, the occurrence of complications after intraocular tumor treatment and the safety of vitrectomy for these complications require longer follow-up and cautious management.
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Case report: Fractional brain tumor burden magnetic resonance mapping to assess response to pulsed low-dose-rate radiotherapy in newly-diagnosed glioblastoma
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Background

Pulsed low-dose-rate radiotherapy (pLDR) is a commonly used reirradiation technique for recurrent glioma, but its upfront use with temozolomide (TMZ) following primary resection of glioblastoma is currently under investigation. Because standard magnetic resonance imaging (MRI) has limitations in differentiating treatment effect from tumor progression in such applications, perfusion-weighted MRI (PWI) can be used to create fractional tumor burden (FTB) maps to spatially distinguish active tumor from treatment-related effect.



Methods

We performed PWI prior to re-resection in four patients with glioblastoma who had undergone upfront pLDR concurrent with TMZ who had radiographic suspicion for tumor progression at a median of 3 months (0-5 months or 0-143 days) post-pLDR. The pathologic diagnosis was compared to retrospectively-generated FTB maps.



Results

The median patient age was 55.5 years (50-60 years). All were male with IDH-wild type (n=4) and O6-methylguanine-DNA methyltransferase (MGMT) hypermethylated (n=1) molecular markers. Pathologic diagnosis revealed treatment effect (n=2), a mixture of viable tumor and treatment effect (n=1), or viable tumor (n=1). In 3 of 4 cases, FTB maps were indicative of lesion volumes being comprised predominantly of treatment effect with enhancing tumor volumes comprised of a median of 6.8% vascular tumor (6.4-16.4%).



Conclusion

This case series provides insight into the radiographic response to upfront pLDR and TMZ and the role for FTB mapping to distinguish tumor progression from treatment effect prior to redo-surgery and within 20 weeks post-radiation.
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Introduction

Glioblastoma is a primary central nervous system glioma designated as World Health Organization (WHO) grade 4 with wildtype isocitrate dehydrogenase (IDH-wt) (1). Patients with glioblastoma have a median overall survival of 12-15 months following diagnosis, with a five-year survival between 3 and 5.5% (2–5). The standard of care for glioblastoma includes surgical resection, chemoradiotherapy with temozolomide (TMZ) followed by adjuvant TMZ and tumor-treating fields (TTF) (5–9). Response to treatment is routinely assessed by magnetic resonance imaging (MRI). Pulsed low-dose-rate radiotherapy (pLDR) is a commonly used reirradiation technique for recurrent high-grade gliomas, but its upfront use with concurrent TMZ is currently under investigation (10–13). While other salvage therapies for recurrent high-grade glioma exist, including stereotactic radiosurgery, conformal external beam radiation, and brachytherapy, pLDR delivers radiation in subfractions at specific time intervals, taking advantage of the hyper-radiosensitivity of proliferating tumor cells to low doses of radiation, as well as the reduced toxicity to normal brain tissue (12, 14). Currently, there is limited data on the radiographic response to pLDR.

Distinguishing between treatment effect and tumor progression is challenging on standard imaging, with a definitive diagnosis only possible with pathologic confirmation. Radiotherapy may induce an inflammatory intraparenchymal response with subsequent necrosis and/or edema that is indistinguishable from, or intermingled with, tumor progression on MRI (15). Specifically, postcontrast MRI highlights blood-brain barrier disruption, which can be observed with both non-tumor and viable tumor tissue (15). Therefore, a new contrast-enhancing lesion arising within the radiation field of a treated glioblastoma can neither confirm nor refute progression of disease (16). A recent meta-analysis identified treatment effect in 36% of high-grade glioma cases (17). More recently, certain tumor and treatment factors have correlated with increased observation of treatment effect on MRI, including O6-methylguanine-DNA methyltransferase (MGMT) promoter methylation, radiation dose, dose per fraction, treatment duration, irradiated brain volume, and concurrent use of TMZ (18–22).

Fractional tumor burden (FTB) mapping is a novel radiographic biomarker that spatially distinguishes viable high-grade tumor from treatment effect within postcontrast T1-weighted enhancement on MRI (23). These maps are generated from dynamic susceptibility contrast (DSC) MR perfusion, which allows for the visualization of regional cerebral blood volume (RCBV) to identify neovascularization. FTB maps use tissue-validated standardized regional cerebral blood volume (sRCBV) thresholds (23, 24) and assign primary colors to different perfusion patterns: treatment effect (blue; sRCBV < 1.0), tumor/treatment effect admixture (yellow; 1.0 > sRCBV < 1.6), and viable tumor (red; sRCBV > 1.6). Standardized thresholds are advantageous in that they require minimal user input compared to thresholds normalized based on user-defined reference tissues (25). It was demonstrated that regions of high-grade vascular tumor (yellow + red) could be distinguished from regions of treatment effect (blue) with a sensitivity/specificity of 79.4%/90% and an accuracy of 85% (23). Hoxworth et al. prospectively validated FTB maps with tissue, observing an 85% accuracy of identifying voxels with at least 50% viable tumor (25). Of note, Iv et al. determined that either the red or blue regions were best at distinguishing tumor from treatment effect, using a different sRCBV threshold of 1.75 (26).

In this case series, we present four patients with glioblastoma treated with upfront pLDR with concurrent TMZ following maximal safe resection. Treatment response was assessed by 3 Tesla (3T) MRI with and without contrast, FTB maps, and radiographic findings were confirmed by pathology.



Case descriptions


Case 1

A 50-year-old male presented with a progressive cognitive decline, expressive aphasia, and personality changes. Brain MRI revealed a non-enhancing small region of increased T2-weighted signal in the right frontal lobe; a follow-up MRI 25 weeks later revealed an avidly enhancing mass exhibiting significant mass effect. He was eventually submitted for craniotomy and gross-total resection of the enhancing lesion. Integrated diagnosis was consistent with glioblastoma, WHO grade 4, IDH-wt, and MGMT hypermethylated. At four-weeks post-surgery, there was improvement in cognitive performance although personality changes persisted. He was treated with pLDR as part of a prospective phase II study (NCT04747145) to a total dose of 60 Gray (Gy) in 30 fractions with concurrent TMZ, which he tolerated with anticipated side effects. This was followed by adjuvant TMZ and TTF.

The patient completed a total of four cycles of TMZ and TTF before MRI of the brain, obtained at 20 weeks post-pLDR, which raised concerns for tumor progression. Increased nodular enhancement around the resection cavity (Figure 1A) was observed in the setting of the patient experiencing neurocognitive decline. FTB maps revealed predominantly treatment effect with 70.3% non-tumor, 22.9% tumor admixture, and 6.8% tumor tissue (Figures 1B, D).




Figure 1 | Pre- and post-surgery MRI. (A) Postcontrast T1-weighted MRI obtained 20 weeks following the completion of pLDR and two weeks before redo-surgery. (B) Corresponding maps of FTB superimposed on the postcontrast T1-weighted MRI images. The FTB maps show areas of active tumor (red), treatment effect (blue), and transitional zone (yellow). (C) Immediate post-operative postcontrast T1-weighted MRI demonstrating extent of resection. (D) Distribution of T1-weighted enhancement volume based on vascularization as measured by FTB maps.



At 23 weeks post-pLDR, the patient was submitted for redo-craniotomy in the absence of FTB-guidance. Near-total resection of the enhancing lesion was later confirmed by postoperative MRI (Figure 1C). Microscopy of the five tissue specimens revealed a combination of necrosis, hyalinized and necrotic blood vessels, chronic inflammation, foamy macrophages, mineralization, and reactive gliosis, consistent with treatment effect. Therefore, the patient resumed adjuvant treatment with TMZ and TTF. Of note, compliance with TTF averaged 90% of “ON” time throughout the treatment period. At four weeks post-redo surgery, the patient remained clinically stable.



Case 2

A 56-year-old male presented with a history of seizure and expressive aphasia. Brain MRI revealed a left parietal mass with surrounding vasogenic edema and mass effect. Craniotomy and gross-total resection were performed, and integrated diagnosis was consistent with glioblastoma WHO grade 4, IDH-wt, and MGMT unmethylated. The patient was treated with pLDR as a part of a prospective phase II study (NCT04747145) to a total dose of 60 Gy in 30 fractions with concurrent TMZ followed by adjuvant TMZ and TTF.

At one week post-pLDR, there was clinical decline with MRI demonstrating significant vasogenic edema for which a bevacizumab infusion was provided every two weeks at 10 mg/kg. It was discontinued after two infusions due to a poor response and continued clinical decline. At five weeks post-pLDR, MRI demonstrated an increase in the left parietal peripherally enhancing lesion size (Figure 2A). FTB maps revealed predominantly treatment effect within the contrast enhancement surrounding the resection cavity with 84.0% non-tumor, 9.6% tumor admixture, and 6.4% tumor (Figures 2B, D).




Figure 2 | Pre- and post-surgery MRI. (A) Postcontrast T1-weighted MRI obtained five weeks post-pLDR and two weeks before redo-surgery. (B) Corresponding maps of FTB superimposed on the postcontrast T1-weighted MRI images. The FTB maps show areas of active tumor (red), treatment effect (blue), and transitional zone (yellow). (C) Post-surgery (four weeks) postcontrast T1-weighted MRI demonstrating extent of resection. (D) Distribution of T1-weighted enhancement volume based on vascularization as measured by FTB maps.



At eight weeks post-pLDR, redo-craniotomy was performed in the absence of FTB-guidance. Reduced vasogenic edema and regions of enhancement around the resection cavity were later confirmed by MRI performed four weeks post-surgery (Figure 2C). Three tissue specimens were evaluated, two of which showed necrosis and hyalinized vessels, consistent with treatment effect, while the last sample revealed hypercellular high-grade glioma. The patient continued adjuvant treatment with TMZ and TTF. At nine weeks post-redo surgery, the patient’s neurological symptoms included fatigue, right hemiparesis, and global aphasia. At 10 weeks post-redo surgery, he was restarted on bevacizumab at 10 mg/kg every 2 weeks, completing two infusions. Ultimately, he experienced a traumatic fall complicated by intraparenchymal hemorrhage and was transitioned to hospice.



Case 3

A 55-year-old male presented with a seizure, visual impairment and personality changes. Brain MRI revealed an enhancing left occipital mass surrounded by diffuse FLAIR hyperintensity signal. Craniotomy and gross-total resection were performed and integrated diagnosis was consistent with glioblastoma WHO grade 4, IDH-wt, and MGMT unmethylated. Following surgery, his symptoms included right hemiparesis, global aphasia, and a right homonymous hemianopsia. The patient was enrolled in a prospective phase II study (NCT04747145) to be treated with pLDR to a total dose of 60 Gy in 30 fractions with concurrent TMZ followed by adjuvant TMZ and TTF.

Near completion of pLDR (fraction 24) and 8 weeks post-surgery, he was admitted for worsening symptoms of gait dysfunction, nausea and vomiting, and dysphagia. MRI revealed increased enhancement around the resection cavity with increased mass effect and left ventricular trapping (Figure 3A). FTB maps revealed predominantly treatment effect within the contrast enhancement surrounding the resection cavity with 64.6% non-tumor, 19.1% tumor admixture, and 16.4% tumor (Figures 3B, D). Radiation was withheld and redo-craniotomy was performed in the absence of FTB-guidance. Five tissue specimens revealed necrotic tissue and sparse reactive brain tissue, consistent with treatment effect. Neurologically, the patient improved in memory and speech with residual comprehensive aphasia and right visual field defect. Bevacizumab was subsequently started at 10 mg/kg every 2 weeks.




Figure 3 | Pre- and post-surgery MRI. (A) Postcontrast T1-weighted MRI obtained four weeks post-pLDR treatment and one week before redo-surgery. (B) Corresponding maps of FTB superimposed on the postcontrast T1-weighted MRI images. The FTB maps show areas of active tumor (red), treatment effect (blue), and transitional zone (yellow). (C) Post-surgery (one week) postcontrast T1-weighted MRI demonstrating extent of resection. (D) Distribution of T1-weighted enhancement volume based on vascularization as measured by FTB maps.



The patient continued adjuvant treatment with bevacizumab, TMZ, and TTF. Of note, compliance with TTF averaged 75-90% of “ON” time throughout the treatment period. At one week post-surgery, brain MRI demonstrated retraction of the resection cavity and decreased peripheral enhancement along the surgical margins (Figure 3C). At 29 weeks post-redo surgery, the patient was transitioned to hospice, experienced respiratory failure caused by aspiration from worsening dysphagia and expired.



Case 4

A 60-year-old male presented with progressive left hemiparesis and memory decline. Brain MRI revealed an enhancing mass within the right frontal lobe that was resected. Integrated diagnosis was consistent with glioblastoma WHO grade 4, IDH-wt, and MGMT unmethylated. There was significant postoperative improvement in symptoms. The patient was treated with pLDR as a part of a prospective phase II study (NCT04747145) to a total dose of 60 Gy in 30 fractions with concurrent TMZ followed by adjuvant TMZ. Adjuvant TTF were declined.

Follow-up brain MRI studies demonstrated progressively increasing enhancement around the resection cavity. At 13 weeks post-pLDR, FTB maps revealed 47.9% non-tumor, 19.2% tumor admixture, and 32.9% tumor within the contrast-enhancing tissue. Seven weeks later, brain MRI demonstrated increased enhancement, particularly at the superomedial resection cavity margin (Figure 4A). FTB maps were again obtained with increasing proportions of vascular tumor tissue suggesting progression: 42.9% non-tumor, 13.5% tumor admixture, and 43.6% tumor (Figures 4B, D).




Figure 4 | Pre- and post-surgery MRI. (A) Postcontrast T1-weighted MRI obtained 20 weeks post-pLDR and 10 weeks before redo-surgery. (B) Corresponding maps of FTB superimposed on the postcontrast T1-weighted MRI images. The FTB maps show areas of active tumor (red), treatment effect (blue), and transitional zone (yellow). (C) Immediate post-operative postcontrast T1-weighted MRI with FLAIR demonstrating extent of resection, which encompasses regions of tumor identified in the FTB maps. (D) Distribution of T1-weighted enhancement volume based on vascularization as measured by FTB maps.



At 30 weeks post-pLDR, redo-craniotomy was performed in the absence of FTB-guidance. Significant debulking was later confirmed by MRI (Figure 4C). Two tissue specimens revealed moderately cellular atypical glial proliferation, supportive of active tumor. At three weeks post-redo surgery, the patient progressed with gait dysfunction, dysphagia, expressive aphasia, and left facial droop.




Discussion

This case series describes examples of how FTB can improve radiologic accuracy when used as a biomarker to assess treated glioblastoma. In one study, participating physicians determined that they would change treatment in 93% of cases where the tumor fraction was predominant and not change treatment in 75% of cases where treatment effect was predominant, based on their interpretation of FTB maps (26). The authors suggested the potential use of FTB for providing guidance in deciding which patients need an operation (26). In all four of the cases presented here, there were concerns about tumor progression based on standard 3T MRI. Pathologic examination revealed treatment effect in two cases and viable tumor in the other two cases. FTB maps were indicative of lesion volumes being comprised of predominantly treatment effect in three cases and predominantly viable tumor in one case. From the three FTB maps in the former category, the median fraction of the enhancing tumor volume comprised of vascular tumor was 6.8% (range 6.4-16.4%).

Radiologic assessment of treated glioblastoma remains a challenge as an indistinguishable MRI pattern between treatment effect and viable tumor may develop in about 36% of these cases (17). Often, with no other options, biopsy or surgery is pursued for diagnostic confirmation, posing potentially unnecessary risks. This common scenario highlights the need for more accurate radiologic biomarkers that not only guide treatment but also prevent unnecessary surgical intervention. This is of particular importance with heterogenous tumors such as glioblastoma that are more prone to sampling error. FTB maps provide meaningful information regarding the spatial distribution of tumor and treatment effect within enhancing lesions and may be able to fill that gap.

There are several limitations to this study. FTB maps were generated retrospectively and therefore not used for surgical guidance or tissue confirmation in none of the four cases. It also does not provide information about the clinical course of the disease. Monitoring FTB over time may provide additional information to evaluate this, as demonstrated in Case 4. We also assume that the pathology reports are always accurate, when sampling bias may occur. For instance, it is unknown whether an active tumor is in the process of dying or may die in the near future, especially if it is sampled too soon following radiation. In parallel, bevacizumab as a treatment for symptomatic radiation necrosis in Cases 2 and 3 may have confounded their respective radiologic responses to pLDR, as it may reduce the area of enhancing necrosis by decreasing vascular permeability and inflammation (27). Finally, the small sample size from our single institution limits generalizability.

This case series provides insight into response to upfront pLDR concurrent with TMZ following resection of newly diagnosed glioblastoma. It also highlights the capacity of FTB maps to accurately distinguish tumor progression from treatment effect. Therefore, full validation of FTB mapping as a biomarker should be pursued as a prospective study with larger sample size.
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Background

Management of a recurrent vertebral metastasis in a situation of previously irradiated spinal cord is a challenging clinical dilemma.



Case presentation

We report a first case of second retreatment of a spinal metastasis initially irradiated with standard radiotherapy and stereotactic body radiation therapy (SBRT), who subsequently progressed with imaging-confirmed local tumor progression at the same level. After a third course of irradiation with SBRT, a complete response was achieved. After 8 months of follow-up, the patients remain free of local recurrence.



Conclusion

A third course of vertebral irradiation for a recurrent vertebral metastasis failing to two previous irradiations, in this particular case, have shown the feasibility and efficacy of the technique as a salvage treatment option. This approach could be used in a selected group of patient if an adequate dose is delivered to the target while observing critical tissue tolerance limits.
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Introduction

In recent years, the development of Stereotactic Body Radiotherapy (SBRT) for spinal metastases is emerging as a safe and effective ablative treatment for recurrent tumors. Modern prospective series and randomized trials have shown promising results on local control and pain relief of bone metastases (1, 2).

However, in the particular case of vertebral reirradiation, there have been concerns about spinal cord toxicity when treating recurrent metastases after conventional palliative radiotherapy or a first course of SBRT.

There are some reports about the safety and efficacy of SBRT in previously irradiated vertebral metastases (3–7), but to our knowledge, no report have been published for a patient treated several times.

In this report, we describe our experience with a single patient receiving a third irradiation for a T8 vertebral metastasis secondary to an invasive ductal carcinoma 15 years after the first conventional (2D) irradiation and 3 years after a first SBRT over the same lesion.



Case presentation

We herein report the case of a women born in 1962 who was diagnosed with an invasive ductal carcinoma pT1b (0.9 cm) pN1a (2/17) cM0, grade 2, ER-positive and HER-2 positive in 1998. She underwent a right breast-conserving surgery and axillary lymph nodes dissection. After surgery, she received adjuvant treatment including chemotherapy, whole breast radiotherapy (including internal mammary chain (IMC) irradiation) and endocrine therapy by tamoxifen.

During the follow-up in 2006, a Fluoro-2-deoxy-D-glucose (FDG) PET-CT scan revealed an oligoprogression in the form of a regional submammary nodule and two bone metastases (T8 and left iliac wing). A biopsy confirmed the diagnosis of invasive ductal carcinoma grade 2, ER-positive and HER-2 positive.

Spine MRI showed a large lytic metastasis of the T8 vertebra with wedge compression (Bilsky grade 1a with epidural impingement) (Figure 1A) (8).




Figure 1 | (A–C) T8 metastasis evolution after iterative irradiation. (A) 2006: First presentation: large deposit in the D8 vertebra with wedge compression (Bilsky grade 1a with epidural impingement). (B) 2014: First recurrence: osseous lysis lesion of the anterior portion of the T8 vertebra body (C). 2021: Further recurrence: right transverse pedicle of D8 vertebra (D). 2022: Recent follow-up (April 2022) showing complete response.



The patient received a conventional (2D) radiotherapy to the T7-T9 spine delivering a dose 30 Gy in 12 fractions of 2.5 Gy in April 2006, using a Siemens Primus linear accelerator system (Siemens, Concord CA, US). Patients planning images with dose distribution are shown in Figure 2A.




Figure 2 | (A–C) Patient’s planning image with cumulative dose distribution. (A). First course of 2D radiotherapy (30 Gy in 12 fractions) (B). First re-irradiation vertebral SBRT (18 Gy in 3 fractions) (C). Composite dose including vertebral after second SBRT (30 Gy in 5 fractions).



She started a systemic therapy with Leuprorelin acetate, Letrozole, and Ibandronate until January 2014.

In July 2014, evaluation with MRI and (FDG) PET-CT imaging revealed an osteolytic lesion of the anterior portion of the T8 vertebra body, in the previous treated field, suspect of local progression (Figure 1B).

A new biopsy of the T8 vertebra confirmed the recurrence of invasive ductal carcinoma. This was followed by a vertebral body cementoplasty on September 2014.

Spine surgery evaluation was not performed because, as shown by the radiotherapy scheme chosen in 2006, at that time the patient was considered a strictly palliative case, being managed as such outside from our institution.

A re-irradiation of the previously described T8 lesion using SBRT with a dose of 18 Gy in 3 fractions at isodose 80% was performed; the irradiation volume only included hypercaptation on PET-CT (Figure 2B). A CyberKnife robotic stereotactic radiotherapy system (Accuray, Sunnyvale, Concord CA, US) was used. This treatment was delivered using the Xsight spine tracking system, which co-relates imaging using bony anatomy for continuous imaging, repositioning, and tracking without fiducials, allowing a tracking of the target in real time. Doses were calculated using Precision Treatment Planning system (Accuray, Sunnyvale, Concord CA, US).

Following SBRT, the patient resumed systemic therapy with Trastuzumab and endocrine therapy until July 2015.

From July 2015 to January 2021, evaluation with FDG PET-CT imaging revealed oligoprogressive disease with bone lesions (C1, T6 and T8 vertebra, right acetabulum, left clavicle and left iliac wing), confirmed by biopsy. These lesions were treated with several lines of systemic therapy and SBRT over all lesions (with good metabolic response) except T8.

The T8 vertebra metastasis relapsed on right transverse pedicle and was treated using radiofrequency ablation in April 2018 (with complete response) and three more times in 2021, after new recurrences, obtaining only partial responses.

In October 2021, despite iterative radiofrequency treatments follow up with (FDG) PET-CT scan showed a new local progression on the right transverse pedicle of T8 vertebra (Figure 1C).

Spine surgery team evaluated the patient, and confirmed that surgery was not an option due to the technical challenge and the important risks inherent to this procedure.

Considering the short time between local recurrences after radiofrequency ablation, and after a dosimetric evaluation considering all radiation treatments impacting T8, a new SBRT was decided.

Before the last SBRT was performed, it was explained to the patient that there was a risk of radiculitis at the D9 level, due to the impossibility of respecting the tolerance dose of this nerve root, because of the previous delivered radiation.

A dose of 30 Gy in 5 fractions at isodose 80% (maximum dose in the PTV: 37.5 Gy.) was planned for the second course of SBRT (third course of irradiation) using a CyberKnife system (Figure 2C). This scheme is based on the one used at MD Anderson Cancer Center and published by Chang et al. in 2007.

Dose limits to the critical neural tissues (CNT) was determined using Sahgal et al. re-irradiation recommendations (9), and the report of the AAPM Task Group 101 on SBRT. For the calculations considering the spinal cord we used an α/β of 2; for the rest of OAR, an α/β of 3. Velocity AI software (Varian Medical Systems, Inc., Palo Alto, CA, US) was used to convert the different schemes and different fractionations to the equivalent in EQD2, giving an α/β ratio for the spinal cord of 2. We then performed a summation of all recalculated schemes in EQD2, using a rigid fusion and a ROI involving the region of the spine to be reirradiated. Then we calculated the residual safety margin (or dose limit) at the spinal cord level and other OARs, which we used to plan the treatment without exceeding the previously described constraints.

Technical characteristics of plans and dose parameters for all radiation treatments are shown in Table 1.


Table 1 | Technical characteristics of plans and dose parameters for all radiation treatments.



After calculation of a composite dose in equivalent total doses in 2-Gy fractions (EQD2) of all the previous described treatments (including the IMC field dose contribution) spinal cord received a maximum dose (Dmax, 0.035 cc) of 42.78 Gy.

Patient completed re-irradiation SBRT without any side effect.

Following this treatment with SBRT re-irradiation, the patient resumed systemic treatment with Trastuzumab and Emtansine.

At 8 months of follow-up after the third course of irradiation, most recent assessment with (FDG) PET-CT scan shows complete response of the T8 vertebra metastasis (Figure 1D).

No evidence of toxicity secondary to the third course of irradiation according to CTCAE v.5 scale has been observed.



Discussion

Treating vertebral metastases in the context of a previously irradiated spinal cord is a challenging clinical dilemma. Vertebras are a complex site for SBRT due to the proximity of the spinal cord. Risk of myelopathy and potential toxicity of progressive tumors must be carefully balanced by the radiation oncologist when evaluating the feasibility of a radiotherapeutic approach.

The most common site of distant breast metastases, occurring in around 40 to 51% of metastatic patients, is bone (10). An increment in the use of new imaging technologies and (FDG) PET-CT during the follow-up might be responsible for the increased incidence in diagnosis of isolated bone metastasis.

Moreover, in a context of prolonged survival due to new systemic and focal treatments, vertebral recurrences incidence tend to increase and their management becomes more challenging.

For a second course irradiation, often with 30 Gy in 5 fractions, most retrospective studies exhibited consistent results in terms of pain relief and sustained local control (3–7).

In a cohort of 59 patients, Garg et al. conducted a study on a single re-irradiation after spinal SBRT. The 1-year radiographic local control and overall survival for all patients was 76% (4). In a retrospective study, Thibault et al. concluded that a salvage second-course vertebral SBRT is feasible and efficacious after in-field failure of the first course of SBRT for spinal metastases. The median time to failure after the first course of SBRT was 11.7 months (7).

We report a first case of reirradiation of a vertebral recurrence after two previous courses of radiotherapy.

Time between the first irradiation and the second was 15 years, and 3 years between the second and third irradiation over the same lesion.

The time interval between two courses of radiation is not yet validated as a protective factor for toxicity. Therefore, the time-dependent recovery of neurological function and cumulative spinal cord dose limits remains largely hypothetical. Sahgal et al. suggests that SBRT given at least 5 months after conventional palliative radiotherapy appears to be safe, if several conditions are met (9).

At the time of last T8 progression, the patient presented a low burden volume of metastatic disease.

The recurrences were located in different parts of the T8 vertebra. Failure might be cause by insufficient extension of the radiation field beyond the visible tumor (not including pedicles and posteriors elements) or underdosed epidural space in order to limit spinal cord dose (11–13).

Dmax over the spinal cord was still not reached during two previous irradiations (conventional radiotherapy and SBRT) and distance between the targeted lesion (T8) and the spinal cord allowed us to avoid this critical organ, delivering radiation safely and respecting spinal cord constraints.

Following the previous described data, and on the basis of the published literature by Nieder et al. that described reirradiation spinal cord tolerances (14), a third course of radiation was decided.

With the support of our spinal surgery team, we have decided to accept the risk of radiculitis at the D9 level in order to avoid potential spinal cord threat due to the lack of control of this metastatic lesion. In the event of this complication, a surgical procedure would allow desensitization of this root, with only sensory consequences at the level of this dermatome for the patient.

A local complete response was achieved. After 6 months of follow-up, the patient remains without local recurrence and asymptomatic.

The benefits of SBRT, besides of local control, extend to the possibility of delaying the start of a new line of systemic treatment.

This case is the first case report on re-irradiating a vertebra after a conventional radiotherapy and SBRT previous courses of radiotherapy.



Conclusion

Re-irradiation after standard irradiation and vertebral SBRT appears to be feasible with an acceptable level of toxicity, and can be considered as an efficacious salvage treatment option if delivered to a selected group of patients with an adequate dose delivered to the target while observing critical neural tissue tolerance limits.

Even if previously described retrospective series suggest the efficacy and safety of vertebral re-irradiation using SBRT, further evidence is needed before spreading the use of this technique in an extreme situation like ours.
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Primary squamous cell carcinoma (PSCC) of the breast, as a rare metaplastic breast cancer, currently has limited clinical data on its biological behavior, treatment and prognosis. At present, the optimal treatment of this tumor is still controversial. We reported a case of a 56-year-old woman with a mass on the right breast. She underwent a modified radical mastectomy and lymph node biopsy, which revealed that the tumor was a metaplastic squamous cell carcinoma with axillary lymph node metastasis, followed by traditional adjuvant chemotherapy and radiotherapy. The patient re-examined by PET/CT after two years in May 2017 and found a recurrence in the right chest wall, so resection of the recurring lesion was resected, then she was given postoperative adjuvant radiotherapy and chemotherapy. In August 2019, the patient re-examined by PET/CT, and there were pulmonary and mediastinal lymph node metastases. After 4 cycles of albumin paclitaxel plus cisplatin chemotherapy combined with nivolumab immunotherapy, the patient achieved complete response (CR), and then switched to nivolumab immune maintenance therapy. So far, no obvious metastasis has been seen. We believe that surgical treatment is necessary for PSCC of the breast;paclitaxel and cisplatin chemotherapy regimens and adjuvant radiotherapy are effective, but it may be resistant to radiotherapy; and immunotherapy may prolong the survival of patients with PSCC of the breast.
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Introduction

Primary squamous cell carcinoma (PSCC) of the breast is an extremely rare tumor, accounting for less than 0.1% of all invasive breast cancers (1, 2), and in 2012, the World Health Organization classified PSCC as metaplastic breast cancer. There are no standard treatment guidelines for PSCC of the breast, and most patients are treated with surgery, radiotherapy and chemotherapy, like breast ductal carcinoma. However, it is considered that breast PSCC is more malignant and aggressive than invasive ductal carcinoma of the breast (3). It is reported that the recurrence and metastasis of breast PSCC are common after treatment, and the prognosis is poor (4, 5). Here we present a case of a breast PSCC patient who had recurrences after radical mastectomy and adjuvant chemotherapy and radiotherapy. She had a long-term benefit from the use of immunotherapy combined with taxane and platinum-based chemotherapy.



Case presentation

A 56-year-old postmenopausal woman went to the hospital because she found a lump on her right breast. She had no other clinical symptoms such as pain, skin change, nipple retraction, or nipple discharge. She denied family history of breast cancer and other tumors.

On physical examination, there was a 2 × 1.5 cm mass at 12 o’clock in the right breast, 0.5 cm away from the nipple. The lump was firm, movable and irregular. The rest of the physical examination showed no obvious abnormalities.

The patient underwent diagnostic mammography and ultrasound to evaluate the right breast mass. The breast mammography showed (Figures 1A, B) abnormal density and calcification behind the right breast papilla, and bilateral axillary lymph nodes were slightly enlarged. Ultrasound of the breast showed (Figures 1C, D) insulting hypoechoic nodules. The patient underwent ultrasound-guided needle biopsy of the mass in the right breast, which revealed low-grade ductal carcinoma in situ with suspicious microinvasion.




Figure 1 | Imaging of the tumor. (A, B) Mammogram showed an irregular high-density shadow posterior to the nipple of the right breast and bilateral axillary lymph nodes were slightly enlarged. (C, D) Ultrasound showed a hypoechoic nodule on the right breast, 0.3 cm from the nipple at 12 o ‘clock, 1.7 × 1.4 cm in size. (E, F, G) The patient’s PET-CT results in 2019. Hypermetabolic lesions were found in the subpleura of the apical segment of the right upper lobe of the lung, the mediastinal anterior tracheal posterior vena cava lymph nodes and the subpleura of the basal segment of the left lower lobe. (H) Chest computed tomography guided needle biopsy of the left pulmonary nodule was performed. (I, J, K, L) Comparison of pulmonary nodules and mediastinal metastatic lymph nodes before and after the treatment.



The patient underwent a systemic examination to rule out distant metastases and other primary tumors. Then she underwent a modified radical resection of the right breast and a right axillary lymph node dissection on May 25, 2015. The final pathology showed (Figures 2A, B): (Right) Metaplastic carcinoma-squamous cell carcinoma (histological grade III, size 2.5*2.5*1.5cm) is seen in the upper and middle quadrant of the breast, interstitial vascular tumor thrombus (+);cancer metastasis can be seen in axillary lymph nodes (3/21); immunohistochemical showed (Figures 2F–I) estrogen receptor (ER) (-), progesterone receptor (PR) (-), human epidermal growth factor receptor 2 (HER2) (-), CK5/6 diffuse (+), CK14 diffuse (+), Ki67 positive rate 80%, P53 positive rate 90%,epidermal growth factor receptor(EGFR)(+), E-cadherin (-), P63 (+), D2-40 (+).After the operation, the patient received further adjuvant chemotherapy and radiation therapy. The specific chemotherapy regimen was a 4-cycle epirubicin combined with cyclophosphamide, followed by a 4-cycle docetaxel. After chemotherapy, radiotherapy was given. The scope of radiotherapy was the chest wall combined with the supraclavicular area; the dose was: 50Gy/25f, and the 95% isodose line was around the target area.




Figure 2 | The postoperative pathological examination with hematoxylin and eosin (HE) staining and immunohistochemical (IHC) staining of the tumor. (A, B) Microscopically, the ductal cells in the mammary tumor area showed squamous degeneration and the lymph nodes were invaded by tumor cells (20x). (C, D) Histological findings with HE staining showed that the chest wall tumor was a moderately differentiated squamous cell carcinoma and the bone tissue was invaded by tumor cells(20x). (E) Histological findings with HE staining showed that the lung tumor was a metaplastic squamous cell carcinoma(20x). (F–I) IHC staining of the primary tumor in 2015. (F) ER negativity (20×). (G) PR negativity (20×). (H) HER2 receptor negativity (20×). (I) EGFR positive expression (20×). (J) IHC staining of the lung tumor showed that the PD-L1 positive.



The patients received regular follow-up after the radiotherapy and chemotherapy. The PET/CT review on 2017-05-19 showed that: 1. There was a soft tissue mass on the right anterior chest wall (the inner side of the second anterior rib on the right), and the boundary between some layers and the right side of the sternum was not clear. Increased metabolism, standard uptake value (SUV)max was 4.0, considered chest wall metastasis and sternum invasion. The patient underwent a rib lesion resection under general anesthesia on May 26, 2017. Postoperative pathology showed (Figures 2C, D): (chest wall tumor) moderately differentiated squamous cell carcinoma. Combined with the medical history, the opinion was that the breast-derived metaplastic carcinoma (squamous cell carcinoma), nerve invasion (+), vascular invasion (+), estrogen receptor (ER) (-), progesterone receptor (PR) (-), human epidermal growth factor receptor 2 (HER2) (-), CK5/6 diffuse (+), Ki67 positive rate 60%, P40(+), P63 (+), the surrounding bone tissue was invaded, and the severed end was not involved. After the operation, 6 cycles of liposomal paclitaxel combined with carboplatin were given as chemotherapy. After chemotherapy, single-field electron irradiation was given. The irradiation range was ribs and sternum area. The dose was 54Gy/18f.

The patient’s PET/CT on August 23, 2019 showed (Figures 1E–G): 1. There were subpleural nodules in the posterior basal segment of the left lower lobe, and the metabolism was increased, the SUVmax was about 2.1; 2. There were small subpleural nodules in the apical segment of the right upper lobe, with increased metabolism, and the SUVmax was about 2.0; compared with the previous PET/CT examination, above lesions were new lesions, and metastasis was considered. 3. In the mediastinum, the anterior tracheal and retrocaval lymph nodes were slightly enlarged with increased metabolism, and the SUVmax was about 7.3, which was considered as lymph node metastasis. The patient underwent needle biopsy of the left pulmonary nodule (Figure 1H). The left lung nodule puncture pathology showed(Figures 2E, J) that the lung tissue had moderately differentiated squamous cell carcinoma infiltration, PD-L1(SP263) positive rate 2%,which was considered to be derived from breast cancer. We gave the patient an albumin paclitaxel plus cisplatin regimen for 4 cycles of chemotherapy combined with immunotherapy with nivolumab. After 4 cycles, the left and right lung nodules and mediastinal lymph nodes were basically invisible, and the curative effect was evaluated as CR (Figures 1I–L). Subsequently, the patient underwent nivolumab immune maintenance therapy for a year. So far, no obvious recurrence or metastasis has been found (Figure 3).




Figure 3 | Timeline showcasing relevant data from the episode of care. (–): Negative expression; (+): Positive expression. 4 × EC→ 4 × T: four cycles chemotherapy of epirubicin and cyclophosphamide followed by four cycles of docetaxel. IMRT: intensity modulated radiotherapy. 6 × TP: Six cycles chemotherapy of liposomal paclitaxel and carboplatin. 4 x TP + nivolumab: four cycles chemotherapy of albumin paclitaxel plus cisplatin combined with nivolumab.





Discussion

At present, there are few studies on PSCC of the breast. Its pathogenesis is still unclear, and there is a lack of standardized management of its molecular pathological characteristics, treatment and prognosis (6–8).

As a rare pathological type of breast cancer, some authors believe that it arises from benign breast disease (1, 9) and is seen in cystic epithelium, fibroadenoma, phyllodes tumor, papilloma, or chronic abscess. There are also some who suggest that phenotypic changes in breast cancer are the result of malignant transformation of breast cancer stem cells (histogenesis) or mutations in specific genes occurring early or late in carcinogenesis (dedifferentiation) (10). According to reports, radiotherapy can increase the occurrence of breast PSCC (11); in addition, implantation of prosthesis may be related to the occurrence of PSCC (12).

It is particularly important to make a correct diagnosis of PSCC of the breast. The current diagnosis of the disease believes that: the breast tumor cannot be derived from the skin of the breast or the skin of the nipple, or other attachments to the skin; the squamous cell carcinoma component in the tumor tissue accounts for more than 90%; excluding breast tumors derived from other primary tumors metastasized (13, 14). Metastatic breast cancer may be similar to primary breast cancer. Therefore, metastasis from other tumors should be excluded at the time of diagnosis. Testing for expression of CK7 and CK20 is considered to be the most beneficial. The great majority of primary breast cancers are CK7-positive and CK20-negative, whereas other metastases, such as colorectal cancers, are usually CK7-negative and CK20-positive. Aribas et al. similarly confirmed the diagnosis of breast metastases from colorectal cancer by immunohistochemistry (15).

A number of studies have found that the molecular expression of breast PSCC is significantly different from that of invasive ductal carcinoma. Most breast squamous cell carcinomas are ER-negative, PR-negative HER2-negative, CK5/6-positive, EGFR-positive, and highly proliferative (16).This “basal-like” phenotype can explain the poor prognosis of PSCC, even more aggressive than triple-negative breast cancer (17). The hormone receptors-negative and HER2-negative means that hormone therapy and HER-2 targeted therapy may not be effective in this tumor. In the future, the expression of high EGFR may bring new drugs to the treatment of PSCC of the breast (18).

It is reported that breast PSCC has a lower axillary lymph node metastasis rate (19). Previous studies have found that 10%-30% of breast PSCC cases have axillary lymph node metastasis, but blood spread and distant metastasis are more common (1, 13, 19). Also in other studies, compared with traditional breast cancer, the PSCC mass is larger, and part of it is a cystic mass of the breast (20, 21). The larger tumor size and less axillary lymph node metastasis suggest that PSCC may be suitable for modified radical mastectomy rather than breast-conserving surgery and sentinel lymph node resection is feasible for axillary lymph nodes.

For common breast cancer, if there are high-risk factors, adjuvant radiotherapy and chemotherapy are required after surgery. Our previous study showed that radiotherapy could reduce the local recurrence rate of breast PSCC, but the extent and dose of radiotherapy needed to be further confirmed (22). In a single institute series, in adjuvant radiotherapy for breast cancer, 6 out of 19 (32%) PSCC patients had local recurrences, and 4 of them had local recurrences in the irradiation field (3). In Mami Ogita’s multi-center study (23), 7 of 25 PSCC patients (28%) had local recurrence, of which 6 occurred at the irradiated site. It was found that a higher proportion of recurrences occurred in the irradiated area, concluded that breast PSCC may be radiation resistant. Therefore, increasing the radiation dose may be an option. Studies on chemotherapy regimens for PSCC lack large-scale clinical data. Some researchers have found that PSCC can benefit from platinum-based drug treatment, but is resistant to traditional breast cancer chemotherapy drugs such as anthracyclines and fluorouracils (24). Dejager et al. reported that cisplatin-based chemotherapy regiments normally used for squamous cell carcinoma in major organs other than the breast were also effective for squamous cell carcinoma of the breast (25). Rokutanda et al. and Murialdo et al. also reported the effectiveness of cisplatin-based chemotherapy in breast PSCC. After the patient relapsed after surgery, she chose to use paclitaxel combined with platinum-based chemotherapy, and both achieved good results (26, 27). Considering that breast PSCC may be the same as squamous cell carcinoma from other organs, we speculate that it is sensitive to taxans and platinum. Like the new drug albumin paclitaxel, whether it can further improve the efficacy remains to be studied on a large scale.

Currently, programmed cell death 1 (PDCD1, also known as PD-1)/programmed cell death 1 ligand 1 (PDCD1LG1, Pd-l1 (also known as PD-L1) immune checkpoint inhibitors for immunotherapy of breast cancer have gradually become a hot spot in clinical research, but there is a relative lack of research on the immunotherapy of primary squamous cell carcinoma. Using different antibodies and scoring systems, Muenst et al. found that PD-L1 was expressed in 152 of 650 breast cancer specimens (23.4%) (28). Doğukan et al. used immunohistochemistry to detect the expression of PD-L1 in 61 patients with triple negative breast cancer (TNBC), and the results showed that the positive expression rates of PD-L1 in tumor and tumor microenvironment were 37.7% and 47.5%, respectively (29). Sabatier et al. found that PD-L1 expression was associated with more aggressive subtypes (basal and erb-B2-rich), and in basal tumors, higher PD-L1 expression is associated with better PFS and OS and better response to chemotherapy (30). Studies have found that chemotherapy may enhance the release of tumor antigens, thereby enhancing the anti-cancer activity of immune checkpoint inhibitors. In particular, paclitaxel drugs can additionally activate the activity of toll-like receptors and promote the activity of dendritic cells (29). There have been several clinical trials of PD-1/PD-L1 inhibitors combined with chemotherapy in breast cancer, particularly in triple-negative breast cancer. In the Phase III clinical study of IMpassion130, patients with untreated metastatic triple-negative breast cancer were randomly assigned (in a 1:1 ratio) to receive atezolizumab plus albumin-bound paclitaxel or placebo plus albumin-bound paclitaxel treatment (31). The results showed that atezolizumab combined with albumin paclitaxel could further prolong the PFS and OS of triple-negative breast cancer, and the benefit was more obvious in the PD-L1 positive subgroup, and the adverse reactions of immunity and chemotherapy could be tolerated. After this patient developed lung and mediastinal lymph nodes metastases, we used nivolumab combined with albumin-bound paclitaxel and carboplatin. The lung and mediastinal lymph nodes metastases have achieved CR. Subsequently, immune maintenance therapy with nivolumab was administered for a year, and so far, the patient has not developed significant recurrence or metastasis. Most breast PSCC have a “basal-like” phenotype and the molecular phenotype is partially similar to triple-negative breast cancer, we speculate that breast PSCC may have a relatively high PD-L1 expression rate. Based on the efficacy of immunotherapy combined with chemotherapy in this patient and previous studies of immunotherapy in breast cancer, we believe that immunotherapy may also benefit patients with breast PSCC.

In conclusion, through the treatment of this patient, combined with previous studies, we believe that paclitaxel combined with platinum is a suitable chemotherapy regimen for breast PSCC. Adjuvant radiotherapy is beneficial, but it may be resistant, and increasing the dose of radiotherapy may further reduce the local recurrence rate. For advanced patients, chemotherapy combined with PD-1/PD-L1 inhibitors immunotherapy and immune maintenance therapy can further extend the patient’s survival, but it needs to be confirmed by large-scale clinical studies.
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Background

Liposarcomas (LPS) are mesenchymal malignancies with four principal subtypes presenting distinct molecular and clinical features. Pleomorphic liposarcoma (PLPS) is one of the rarest and most aggressive subtypes of LPS. Surgical resection is currently a preferred curative approach for localized PLPS. However, the prognosis of unresectable PLPS is extremely poor, and there is no standard treatment.



Case presentation

A 59-year-old Chinese woman was diagnosed with unresectable PLPS. The case was discussed and managed by specialists from a multidisciplinary team at Fudan Zhongshan Hospital. Preoperative radiotherapy (RT) of intensity-modulated radiation therapy (IMRT) at 50 Gy/25 Fx concurrently with the angiogenesis inhibitor anlotinib (8 mg, days 1–14, every 3 weeks) was prescribed to the patient. The dosage of anlotinib was increased to 10 mg after RT. After 6 months of treatment, the tumor had significantly shrunk and was successfully resected. Examination of the surgical specimens showed a pathological complete response (pCR). Until the latest follow-up (April 2022), no recurrence was observed, and disease-free survival has exceeded 14 months.



Conclusion

This case sheds light on the probability that perioperative RT combined with an angiogenesis inhibitor can be effectively used in PLPS, which is resistant to chemotherapy and usually considered to have a poor prognosis. Further studies with randomized controlled clinical trials will improve our knowledge of this preoperative treatment strategy.





Keywords: pleomorphic liposarcoma, preoperative radiotherapy, angiogenesis inhibitor, pathological complete response, case report



Introduction

Liposarcoma (LPS) is a heterogeneous soft tissue sarcoma. LPS is among the most common soft tissue sarcomas (STS) and accounts for approximately 15% to 20% of all STS (1). Pleomorphic liposarcoma (PLPS), a less frequent but more aggressive subtype with a 5-year survival rate of 57%, which is closer to that of other high-grade STS, accounts for only 5%–10% of LPS (2).

The LPS arising in the retroperitoneum and intra-abdomen is recommended to be evaluated and managed by a multidisciplinary team (MDT) according to the latest NCCN guideline. Surgery is currently the mainstay, but patients with unresectable disease—defined as tumors affecting important structures or causing unacceptable morbidity after excision—should consider perioperative treatment. Perioperative radiotherapy (RT) is one option, as it reduces tumor size and facilitates tumor resection (3). However, evidence regarding perioperative RT is limited. To date, the STRASS trial (NCT01344018) is the first randomized, phase III clinical trial to value the role of preoperative RT for localized retroperitoneal STS (RPS) (4). Unfortunately, this trial showed a negative result in that preoperative RT did not improve recurrence-free survival. A subgroup analysis of patients with LPS suggested a 10% increase in recurrence-free survival in the RT plus surgery group.

Angiogenesis inhibitors such as anlotinib have recently been proven to be effective in advanced and metastatic STS (5). Although angiogenesis inhibitors are not recommended as perioperative treatment in the guidelines, some recent early-phase clinical trials have explored the safety and efficacy of angiogenesis inhibitors in STS, mostly in combination with perioperative RT (6). These trials showed that the combination of antiangiogenesis therapy with perioperative RT is worth trying in individually selected patients.

Owing to the low incidence of PLPS and the lack of related investigations, the optimal perioperative treatment regimen is challenging. Here, we report a case of PLPS with a pathological complete response (pCR) after RT combined with an antiangiogenesis drug as perioperative therapy.



Case description

The case management is described below, and Figure 1A provides a detailed timeline. A 59-year-old Chinese woman presented with abdominal distension. The results of the blood test were normal, and the patient did not have a family history of malignancies. The performance status measured by the ECOG score was one. Computed tomography (CT) was performed in June 2020 and showed a soft tissue mass, sized 7.4 cm × 6.2 cm ×7.2 cm, in the left abdominal cavity with the superior mesenteric artery passing through (Figure 1B). A biopsy was performed, and histopathology revealed undifferentiated pleomorphic epithelioid or spindled cells, admixed with some cells presenting lipid vacuoles (Figure 1C). Lipoblasts could be found in the biopsy sections. The immunohistochemistry reading was ERG (−), CD34 (vessels+), CD117 (−), Fli-1 (−), OCT4 (−), SMA (−), Ki67 (20%+), CD31 (−), DOG1 (−), S100 (−), Des (−), and MDM2 (100%++). Fluorescence in situ hybridization (FISH) revealed no amplification of MDM2 and CDK4 and no rearrangement of DDIT3 (Figure 1D). The diagnosis was pleomorphic liposarcoma, staging cT2N0M0G2, IIIA based on the above information and pathological evaluation of the biopsy. Furthermore, 3D reconstruction imaging confirmed that the first branch of the superior mesenteric artery was surrounded by the tumor (Figure 1E). The careful preoperative imaging helped the MDT to comprehensively evaluate the case. At that time, immediate surgery would necessitate a resection of the entire small bowel to completely remove the tumor, and the patient would need lifelong parenteral nutrition afterward. Consequently, preoperative RT combined with an antiangiogenesis drug was suggested, and the patient agreed with it. From July 2020 to August 2020, the patient received intensity-modulated radiation therapy (IMRT) of 50 Gy/25 Fx concurrently with anlotinib (8 mg, days 1–14, every 3 weeks). The anlotinib dosage was increased to 10 mg after RT. The therapy was well tolerated, and the main adverse event was G1 fatigue. Follow-up CT scans were performed in October and December 2020, indicating notable tumor shrinkage to 2.8 cm × 1.9 cm (Figure 2A). On 29 January 2021, the patient underwent radical resection of the lesion and partial resection of the superior mesenteric artery and small intestines (Figure 2B). The surgical margins showed no evidence of tumor involvement. The pathology of surgical specimens displayed adipose tissue composed of large areas of hyperplastic collagen tissue, scattered small blood vessels, histocytes, and chronic inflammatory cells (Figure 2C). The diagnosis results revealed a pCR. After surgery, the patient underwent CT and blood tests every 3 months. At the last follow-up in April 2022, 14 months postsurgery, the patient was in good condition, and no suspicious recurrence was detected.




Figure 1 | (A) Timeline of therapy in a patient with unresectable PLPS who received preoperative RT plus anlotinib and achieved pCR after the surgery. (B) The initial CT scan revealed a soft tissue mass in the left abdominal cavity with the superior mesenteric artery passing through, measuring 7.4 cm × 6.2 cm × 7.2 cm in diameter. Scale bar = 10 cm. (C) Micrographs of hematoxylin and eosin (HE) staining. Scale bar = 50 μm. The latter two images showed the lip blasts in a circle. Scale bar = 25 μm. (D) The FISH image showed negative results labeled by CDK4, MDM3, and DDIT3 probes, respectively. Scale bar = 10 μm. (E) 3D reconstruction imaging displayed the relationship between tumors and vessels. Yellow, tumor; red, artery; blue, vein.






Figure 2 | (A) The CT scan showed that the tumor shrank remarkably after the treatment of perioperative RT plus anlotinib, measuring 2.8 cm × 1.9 cm. (B) The surgical specimens of the tumor, partial small intestines, mesentery, and superior mesenteric artery. (C) Micrographs of HE staining showed collagen tissue with no viable tumor cells. The images displayed blood vessels, histiocytes, and chronic inflammatory cells, which were pointed with arrowheads.





Discussion

PLPS is the rarest and most aggressive subtype of LPS, and there is currently no standardized treatment yet. Complete resection with clear surgical margins is the preferred curative option for localized PLPS (7). However, local recurrence of PLPS is approximately 30%–50% (8), which is the reason for the predominant failure of surgical treatment. Perioperative treatment may resolve this issue by reducing local recurrence. In this case, although the follow-up of 14 months was rather short, the patient did not develop a local or distant recurrence during this time.

The results of a systematic review and meta-analysis indicated that external beam radiation therapy could reduce local recurrence in RPS (odds ratio (OR) = 0.47, p <0.0001), which was less frequent in the preoperative RT group than the postoperative group (OR = 0.03, p = 0.02) (9). Another study showed that patients with intermediate or high-grade RPS could benefit from the treatment with preoperative RT plus complete resection, with 5-year local recurrence-free survival (RFS) of 60%, disease-free survival (DFS) of 46%, and overall survival (OS) rates of 61% (10). Additionally, retrospective studies have revealed that using perioperative RT in combination with surgery for RPS could also improve OS. The analysis showed that the median OS was significantly improved in the perioperative RT plus surgery group compared to the surgery-only group, which were 110 and 66 months, respectively (hazard ratio = 0·70, 95% confidence interval = 0·59–0·82; p < 0.0001) (11).

However, in contrast to extremity STS (3, 12), the role of preoperative RT in RPS still lacks relevant high-grade clinical evidence. The STRASS trial is a prominent randomized clinical trial that aimed to evaluate the effect of preoperative RT on RPS (4). There was no improvement in abdominal recurrence-free survival (ARFS) in patients receiving preoperative RT plus surgery compared to surgery alone. This study was hobbled by several key limitations, as ARFS was a complex primary endpoint and the trial was not histotype-specific. Nevertheless, the STRASS trial provided some suggestive evidence regarding the possible benefit of preoperative RT in specific RPS histologic subtypes, including LPS and low-grade sarcoma subgroups. Further histotype-specific investigations are still required.

Conventional chemotherapy shows a low response in PLPS; therefore, new target therapies are urgently needed. Vascular endothelial growth factor (VEGF) expression was observed in 68% of PLS specimens, which is an excellent sign of the potential benefit of angiogenesis inhibitors (13). Angiogenesis inhibitors, including pazopanib, anlotinib, and regorafenib, have been approved for use in advanced and metastatic STS (5, 14, 15). Anlotinib is a multi-targeted tyrosine kinase inhibitor that selectively targets VEGFR-2, VEGFR-3, and VEGFR-4; FGFR-1, FGFR-2, FGFR-3, and FGFR-4; PDGFR; and c-Kit, contributing to reduced tumor growth and vasculature (16). A phase II clinical trial showed that anlotinib was the first TKI with antitumor activity in LPS patients that progressed after standard first-line therapy. The progression-free rate (PFR)12 weeks and the objective response rate (ORR) was 63% and 7.7% in LPS (17). However, there is no clear recommendation for locally advanced PLPS and whether angiogenesis inhibitors can be used in perioperative treatment.

A combination of RT and angiogenesis inhibitors has been demonstrated to be an effective therapy that enhances the sensitivity of tumor cells to radiation (6, 18). This effect can be explained by the fact that anti-VEGF normalizes tumor vasculature, resulting in increased tumor oxygenation and cytotoxicity to radiation (19). Combination treatment has been proven to increase the efficacy of RT in different malignancies. Several trials have evaluated the addition of bevacizumab, a humanized anti-VEGF monoclonal antibody, in the treatment of rectal cancer along with preoperative chemoradiotherapy (20–22). Higher pCR rates were observed in the bevacizumab group, ranging from 23.8% to 39.5%. Early clinical studies have also been conducted on STS. Sunitinib or bevacizumab was administered concurrently with preoperative RT in patients with STS originating from the extremities, retroperitoneum, and trunk (23–25). Remarkably, the pathological examination of tumor specimens revealed less than 10% viable tumor cells in approximately one-third of the patients after the combination treatment. Moreover, combination treatment did not lead to severe adverse events or affect the dose of RT. This implied that the addition of angiogenesis inhibitors to RT could increase RT efficacy without increasing toxicity.

In summary, to the best of our knowledge, this is the first case report of a pathologically complete response to the combination of perioperative RT and antiangiogenic agents in a patient with primary unresectable PLPS. Combined therapy provides a practical therapeutic approach to overcome the obstacles in PLPS that have no standard treatment. Further studies will help us better understand the underlying molecular mechanisms of PLPS and establish an optimal treatment strategy.
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Adenoid cystic carcinoma (ACC) of central airway is very rare. More than half of ACCs are unresectable for tumor extension. There’s rare report on local ACCs only in central airway. We present a case of ACC in central airway who underwent an innovative brachytherapy. A 44-year-old woman was diagnosed with primary ACC in central airway without regional lymphadenopathy or metastatic disease. Stenosis was observed in lower trachea and both left and right main bronchi (stenosis in lumen ≥50%) with bronchoscopy. The tumor was unresectable due to local extension. A Y-shaped and stainless-steel stent loaded with radioactive 125I seeds was placed in the central airway using bronchoscope. The number and distribution of 125I seeds were planed using treatment planning system. The stent was removed three months later. The patient tolerated the procedure well. She was alive without relapse three years after removing the stent with 125I seeds. This case demonstrates the successful use of stent with radioactive 125I seeds for unresectable ACCs in central airway. In the procedure, the stent was placed with bronchoscope and under the vision from bronchoscope. This innovative brachytherapy is well-tolerated, safe, precise and individualized designed. The patient with unresectable ACCs could get a long-term relapse-free survival. Clinical trials could be taken to validate its effectiveness and tolerability in patients with ACCs of central airway.
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Introduction

Malignant obstruction in central airway is usually involved with tumors in trachea or mainstem bronchi. In general, tracheal tumors are uncommon, making up only 0.2% of all respiratory malignancies (1). Adenoid cystic carcinoma (ACC) of trachea accounts for approximately 15%-20% of primary tracheal carcinomas (2). Thus, there’s rare report on local ACC only in central airway. The ACC in central airway poses a challenge to diagnosis and treatment. Here, we present a rare case of unresectable ACC in central airway, who underwent an innovative brachytherapy. She was placed a stainless-steel stent loaded with radioactive Iodine-125 (125I) seeds in central airway using bronchoscope under the guidance from bronchoscope. At the most recent follow-up, she achieved a three-year relapse-free survival after removing the stent with 125I seeds.





Case description

A 44-year-old woman presented with cough for one year and bloody phlegm for six months. She also presented with shortness of breath after walking on a level road for three months. The bronchoscopic biopsy confirmed a diagnosis of primary ACC in her central airway. The work-up with positron emission tomography and computed tomography (PET-CT) showed negative for regional lymphadenopathy and metastatic disease. However, the ACC was unresectable due to the extension of tumor.

She was referred to our hospital. In physical examination, the intensity of her breath sounds in both lungs was decreased. Thoracic computerized tomography (CT) scanning showed soft tissue nodules at the bifurcation of the right main bronchus (Figures 1A–G). On July 12, 2018, bronchoscopy showed swelling and congestion of mucosa in lower trachea, widened and rough carina, and stenosis in lower trachea and both left and right main bronchi (stenosis in lumen ≥50%) (Figures 2A–C). With bronchoscope, she underwent ablative therapy to remove visible tumors using high-frequency electrocautery system, as well as balloon dilation for stenosis in central airway.




Figure 1 | Thoracic computerized tomography (CT) scans for adenoid cystic carcinoma (ACC) in central airway. (A–G) Thoracic CT scans before placing the stent with 125I seeds. (H–N) Thoracic CT scans 35 months after removing the stent with 125I seeds.






Figure 2 | Bronchoscopy pictures in central airway. (A) Adenoid cystic carcinoma (ACC) in lower trachea. (B) ACC in left main bronchus. (C) ACC in right main bronchus. (D) Stent carrying 125I seeds in lower trachea. (E) Stent carrying 125I seeds in left main bronchus. (F) Stent carrying 125I seeds in right main bronchus. (G) lower trachea 35 months after removing the stent. (H) Left main bronchus 35 months after removing the stent. (I) Right main bronchus 35 months after removing the stent.



On July 24, 2018, under the guidance from bronchoscope, a Y-shaped and stainless-steel stent loaded with 40 radioactive 125I seeds (0.60 mCi) was placed in her lower trachea using bronchoscope (Figures 2D–F; Supplementary File 1). The number and distribution of seeds were planed using treatment planning system (TPS) (Beijing Feitianzhaoye Co., Ltd.) (Figure 3) before placement based on the thoracic CT scanning (Figures 1A–G). A dose of 120Gy was prescribed to the planning target volume (PTV). All layers of trachea and mainstem bronchi with the tumor in CT scans were contoured as clinical target volume (CTV), because the depth of tumor invasion can’t be determined from CT scans. Moreover, the stent with 125I seeds was placed in the central airway. And the distance from tumor to the seeds remained the same even when breathing or changing body positions. Thus, PTV wasn’t extended from CTV. For organs at risk, only spinal cord was contoured, but wasn’t included in PTV. The dose for spinal cord at risk was constrained less than 45Gy, which was referenced from the dose of external beam radiotherapy.




Figure 3 | The number and distribution of seeds in plan before placement. (A–G) The seeds distribution and isodose distribution in thoracic computerized tomography (CT) scans. (H) Planning target volume (PTV) in three-dimension (3D). (I, J) 125I seeds distribution in 3D. (K) Isodose cloud of 120Gy in 3D. Red seeds: 125I seeds. Red curve: target area in planning. Green curve: Isodose curve of 120Gy.



For radiation protection, the patient, endoscopist and assistant wore lead apron in the procedure. The lead apron covered both front and back of the body. In a lead box with a lead-glass window, the stent was loaded with radioactive 125I seeds, and then was put into a metal and radiation-resistant stent-conveyor. During this process, the endoscopist was wearing lead gloves. Thus, the endoscopist and assistant were protected from 125I radiation in the procedure. The patient tolerated the procedure well without chest pain, fistula formation, pulmonary infection, pneumothorax, hemoptysis or stent displacement. No bleeding was observed at the site. When she was discharged home, the radioactive background of the patient was the same as that from the 125I seeds. The background was nearly zero when she’s wearing lead apron. The patient was given precaution instructions which were similar to other low-dose-rate (LDR) brachytherapy. Particularly, she had to wear the lead apron whenever she was in a room with any other person till the stent with 125I seeds was removed. This lead apron covered both front and back of her body. We required her family to help her keep doing this. We also followed her every month to make sure she did it till removing the stent with 125I seeds.

For this case, the stent with radioactive 125I seeds was kept in the stenosis for about 1.5 half-lives of 125I seeds. The reason was that the radioactive activity of 125I reduces to 25% after two half-lives. While this duration was necessary to deliver the majority of the activity, there were potential side effects due to the stent, such as septum excretion. Thus, we proposed that the stent should be kept in the airway for one to two half-lives of 125I seeds. On October 15, 2018, the Y-shaped stent with radioactive 125I seeds was removed using bronchoscope. No visible airway stenosis was observed in bronchoscopy. Tumor cells were not found with bronchoscopic brushing. At that time, she didn’t present with shortness of breath or bloody phlegm. The patient was followed with thoracic CT scanning and bronchoscopy. At the most recent follow-up on September 9, 2021, the patient was alive without symptoms, and her central airway looked like normal without stenosis or tumors (Figures 1H–N, 2G–I; Supplementary File 2). To the best of our knowledge, no case of ACC in central airway has been reported to be treated with stent loaded with radioactive 125I seeds using bronchoscope with the guidance of bronchoscope, and then got three-year relapse-free survival. Table 1 illustrates the timeline with the episode of care. The authors are accountable for all aspects of the work in ensuring that questions related to the accuracy or integrity of any part of the work are appropriately investigated and resolved. All procedures performed in the study involving human participant were in accordance with the ethical standards of the institutional research committee and with the Helsinki Declaration (as revised in 2013). Written informed consent was obtained from the patient for publication of this case report and accompanying images.


Table 1 | The timeline with the episode of care.







Discussion

ACC is a slow-growing and painless tumor, which has a potential to invade into surrounding tissues. It’s preferred to remove the entire tumor by a wide surgical excision. However, ACCs usually have involved a long segment of airway before it’s obstructive. Thus, most of them are unresectable when patients present symptoms. In the experience of Massachusetts General Hospital, 25% of patients with ACCs had unresectable tumor (1). As determined by bronchoscopy, tumor length was the most common reason that resection was declined in 68% of these patients (1). Our case was one of those 68% patients. Mostly, neither signs nor symptoms of ACCs are found for many months and years before they’re diagnosed (1). For our case, when the ACC was diagnosed, the tumor had already been unresectable. At this time, local therapy was an effective alternative to provide meaningful palliation and good life quality to the patient. Thus, brachytherapy should be an appropriate option for this patient.

Stent loaded with radioactive seeds has been widely used for malignant airway obstruction due to lung cancer or esophageal cancer (3, 4), which is under guidance of CT or C-arm angiographic unit. In contrast, we placed the stent with radioactive 125I seeds under the vision from bronchoscope in this patient with ACC of central airway. This innovative brachytherapy hasn’t been reported yet. Compared with CT-guided percutaneous placement, this innovative one could accurately place the stent in the stenotic segment of airway under guidance of bronchoscope, without side effect such as chest pain, fistula formation or pulmonary infection. Moreover, both patient and doctors exposed less radiation in the process of this innovative brachytherapy than in the CT-guided one. For ACC in airway, the tumor cells usually infiltrate into the wall of airway. With the innovative brachytherapy, the stent could keep the radioactive seeds exactly in the stenotic segment of airway. At the end of therapeutic period, the radioactive stent could be taken out using bronchoscope. All of those for treating ACC in airway can’t be done by percutaneous CT-guided radioactive stent placement.

In addition, the innovative brachytherapy could be better than traditional brachytherapy or after-loading radiation therapy for ACCs in central airway. The reasons are as follows. First, radioactive stent in airway could keep continuous brachytherapy with a therapeutic dose for the tumor in airway stenosis. This radioactive dose is too low to cause side effects which are happened in traditional brachytherapy. The 125I seed has a half-life of 59.4 days. The radioactive stent could be kept in the airway affected by tumor without displacement during the period of brachytherapy, which is one to two half-lives of 125I seed (5). For our case, the stent with radioactive 125I seeds was kept in the segment affected by tumor for about 1.5 half-lives of 125I seed. Second, the individualized dose and distribution of radioactive seeds are planned by TPS before placing into airway. That leads to more precise dose and location of seeds for the tumor and then a better effect than traditional brachytherapy, whereas less side effects. For our case, since the ACC had infiltrated into the tracheal and bronchial wall, it’s impossible to distinguish the tumor and normal tissues in airway wall even in contrast-enhanced CT scans. Thus, all layers of tracheal and bronchial wall were regarded as the PTV in our case with non-contrast CT pictures. It’s reported that a case of primary tracheal ACC was treated with high dose-rate brachytherapy, who developed tracheal stenosis 22 months after brachytherapy and had to be placed a tracheal stent (6). In contrast, our case wasn’t observed tracheal stenosis in the most recent follow-up, confirming the efficacy and safety of the innovative brachytherapy in the long term. Moreover, the procedure of this innovative brachytherapy is minimally invasive and well tolerated.

Tracheal ACCs were reported to be treated with a high dose of permanent Palladium-103 seed implantation under CT guidance (7). The three patients were followed for an average time of nine months, when they showed disease regression and symptom improvement. However, long-term results weren’t reported. In contrast, our case achieved a three-year relapse-free survival using 125I seeds in a low-dose irradiation. For our case, almost all of the ACC was eliminated by impermanently placing a stent with radioactive 125I seeds under the vision from bronchoscope. The ACC in central airway hasn’t been relapsed till the most recent follow-up, as long as 35 months after removing the stent with 125I seeds. The efficacy of this brachytherapy for our case suggests that ACCs should be radiosensitive for endobronchial 125I brachytherapy. Our finding is consistent with the previous report that tracheal tissue is radio-sensitivity (8). And radiotherapy is suggested as adjuvant therapy for primary tracheal tumors, particularly if the tumor is unresectable (8). That could support the endobronchial brachytherapy for ACCs in central airway. Moreover, it’s recently reported that ACCs in eye, head or neck were all radiosensitive for 125I brachytherapy (9, 10). That further confirms the radio-sensitivity of ACCs for 125I seeds in our case. The 125I seeds provide continuous radiation in a low dose, which could lead to a buildup of radiation damage through synchronizing tumor cells to radiosensitive G2-M phase (11). As a source of low-dose radiation, 125I seeds allow normal tissue to repair the sublethal damage, whereas the tumor cells are damaged and killed (12). Therefore, 125I seeds could be appropriate in brachytherapy for ACCs in airway.

For organs at risk, only spinal cord was contoured for our case. The reason is as follows. The distance from spinal cord to the nearest 125I seeds was about 1cm. The radiative dose is sharply attenuated at a distance more than 1cm. Therefore, the dose of irradiation is little and safe for organs such as esophagus, heart or spinal cord in LDR brachytherapy. Even in high-dose-rate endobronchial brachytherapy or interstitial brachytherapy, the dose exposed in spinal cord, heart and esophagus is safe (13, 14), let alone LDR brachytherapy for our case. Spinal cord was contoured in our case, because it’s so crucial that any overdose could lead to irreversible injury. For our case, a dose of 45Gy was the limit for spinal cord at risk, which was referenced from the dose of external beam radiotherapy using conventional fractionation with 1.8-2Gy per fraction. That’s because there isn’t guideline of LDR brachytherapy for endobronchial cancer (15). Actually, the dose exposed in spinal cord was far less than 45Gy in practice.

Despite a slow-growing growth pattern, the National Cancer Institute (USA) considers ACC as a high-grade malignancy (16). According to previous report, for patients with tracheal ACC, the 5-year survival ranged from 33% to 52% and the 10-year survival ranged from 10% to 29% regardless of whether ACC was resected or not (17). Considering that, our innovative technique could be an appropriate option for unresectable ACCs in central airway. This innovative technique is an impermanent implantation of radioactive seeds using bronchoscope. It could provide a high quality of life to those patients with unresectable ACCs of central airway in the long term. However, we acknowledged the limitation of this innovative technique that it’s not appropriate to the tumor in peripheral lung.

In conclusion, this case demonstrates the successful use of stent loaded with radioactive 125I seeds for unresectable ACCs of central airway. In the procedure, the stent was placed with bronchoscope and under the vision from bronchoscope. This innovative brachytherapy is well-tolerated, safe and individualized designed, which could get a long-term relapse-free survival for patients with unresectable ACCs of central airway. Clinical trials could be taken to validate its effectiveness and tolerability in patients with ACCs and obstruction in central airway.





Concluding remarks

Our case is the first time to demonstrate the successful use of stent with radioactive Iodine-125 seeds in unresectable ACCs of central airway, in which the stent was placed with bronchoscope and under the vision from bronchoscope. This innovative brachytherapy is well-tolerated, safe, precise and individualized designed, which could get a long-term relapse-free survival for patients. Considering the challenge of treatment for ACC in central airway, our findings may provide an innovative brachytherapy to treat the malignant airway obstruction.
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The liver is the most common and lethal metastatic site in patients with extensive-stage small-cell lung cancer (ES-SCLC), and median survival with current standard treatment is only 9–10 months from diagnosis. Clinical observations show that a complete response (CR) is extremely rare in ES-SCLC patients with liver metastasis. Moreover, to the best of our knowledge, complete regression of liver metastasis induced by the abscopal effect, boosted primarily by permanent radioactive iodine-125 seeds implantation (PRISI), combined with a low-dose metronomic temozolomide (TMZ) regimen, has not been recorded. Here, we present the case of a 54-year-old male patient who developed multiple liver metastases from ES-SCLC after multiple lines of chemotherapy. The patient was given partial PRISI therapy (two out of six tumor lesions; 38 iodine-125 seeds in one dorsal lesion and 26 seeds in one ventral lesion), which was combined with TMZ metronomic chemotherapy (50 mg/m2/day, days 1–21, every 28 days). The abscopal effect was observed for 1 month after PRISI treatment. After about 1 year, all the liver metastases had completely disappeared, and the patient experienced no relapse. The patient eventually died of malnutrition caused by a non-tumor intestinal obstruction and had an overall survival of 58.5 months after diagnosis. PRISI combined with TMZ metronomic chemotherapy might be considered a potential therapy to trigger the abscopal effect in patients with liver metastases.
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Introduction

Small-cell lung cancer (SCLC) is marked by its exceptionally high proliferation, early metastasis, and poor prognosis. The 5-year overall survival (OS) rate remains dismal, around 7%–10%, mainly because of the high risk of distant metastasis (1, 2). Among all the common metastatic sites, such as the liver, bones, brains, lungs, and adrenal glands, the liver is the most common site of metastasis, and metastasis to the liver, alone or in combination with metastasis to other organs, is associated with the worst outcomes (3–6). There were no important therapeutic clinical advances for over three decades (7, 8); a subset of patients have derived benefit from immunotherapy in recent years, but patients with liver metastases have not (9).

Radiation is a highly effective local treatment for tumor lesions. It works primarily by damaging the DNA inside cancer tissues. Spontaneous regression of tumors outside the irradiated field (abscopal effect) is rare but has been occasionally observed (10). However, the abscopal effect, induced by permanent radioactive iodine-125 seeds implantation (PRISI), has not been reported. Metronomic chemotherapy is designed to maintain low, but active, concentrations of chemotherapeutic drugs over prolonged periods of time without causing serious toxicities (Y. L. 11). As has been reported, metronomic chemotherapy can promote tumor regression not only by inducing anti-angiogenesis but also by increasing latent antitumor immune responses (12, 13).

The aim of this report is to present the case of a patient with extensive stage- (ES-)SCLC who showed an unusual liver abscopal effect after receiving PRISI combined with temozolomide (TMZ) metronomic chemotherapy. This resulted in a sustained complete response (CR) and long-term survival. The patient died of malnutrition caused by a non-tumor intestinal obstruction 15 months after PRISI.



Case presentation

Here we present the case of a 54-year-old male patient who had previously been diagnosed with SCLC and received multiple lines of chemotherapy regimens, including etoposide and cisplatin (EP), irinotecan and cisplatin (IP), and paclitaxel and cisplatin (TP). He had also received radiotherapy of the chest wall, the right supraclavicular region, the thoracic vertebrae, and the right adrenal gland from December 2013 to August 2015 at another hospital, and was assessed as having a partial response. Unfortunately, he experienced multiple relapses, and presented to our clinic in October 2015.

Before treatment, a magnetic resonance (MR) scan was carried out, and revealed multiple metastases to the right axilla, bilateral supraclavicular lymph nodes, the right seventh rib, and the left ilium. His disease progressed and, after treatment with two cycles of EP and one cycle of single paclitaxel chemotherapy, a MR scan revealed multiple liver metastases (Figure 1A, 2016–02–16). No tumor response was observed after completion of two cycles of combined chemotherapy with albumin-bound paclitaxel and carboplatin, but a new right-side pleural metastasis was found. He then received radiotherapy to the right chest wall (50 Gy in 25 fractions) and achieved a CR. Specimens of the initial tumor were analyzed for sequencing mutations. The tumor was found to be SCLC and to contain no proven drug-sensitive gene mutations. In any event, treatment targeting the programmed cell death 1 ligand 1 (PD-1/L1) had not yet been approved in China in 2015.




Figure 1 | Course of the complete regression of the patient’s multiple liver metastases. (A) MR/CT scans of the patient’s liver before and after partial PRISI and treatment with the low-dose metronomic TMZ regimen. (B) Diagram showing the progressive change in the size of tumor lesions. Lesion numbers labeled on scans correspond to the same lesion numbers in the diagram. PRISI, permanent radioactive iodine-125 seeds implantation; TMZ, temozolomide.



The patient’s liver metastases significantly progressed, with two masses measuring > 50 mm in diameter and five metastases > 20 mm in diameter: individually, 50.91mm, 47.75mm, 52mm, 30.58mm, 39.86mm, 35.26mm, 22.61mm in diameter (Figures 1A, B, 2016–06–20). The patient complained of severe pain in the upper right abdomen. After a multidisciplinary discussion, we decided to apply computer tomography- (CT-)guided PRISI as a salvage treatment. The two lesions chosen for treatment were those that would require the shortest path for the implantation surgery, aiming to minimize secondary damage to the patient’s liver. In detail, the patient underwent permanent implantation of 125I seeds (measuring 4.5 × 0.8 mm, half-life of 60.2 days, photon energy spectrum 27–35 keV, radioactive activity of 0.7 mCi) in two of the liver metastases (one dorsal and one ventral) in July 2016. The prescription dose at the target volume was 120 Gy. We implanted 38 seeds in the dorsal lesion and 26 seeds in the ventral lesion (Figures 1A, 2016–07–06).

In addition, a low-dose metronomic TMZ regimen (50 mg/m2/day, days 1–21, every 28 days) was instituted before PRISI local therapy as a low-toxicity systemic therapy. This was also done to prevent secondary brain metastasis, because clinical studies have shown that 40%–50% of SCLC patients develop brain metastases after completion of palliative chemotherapy (this was not a standard of care use of TMZ in SCLC).

Follow-up CT in August and September 2016 revealed that all of the patient’s liver lesions were significantly reduced, including the four liver lesions not treated with PRISI and also those outside the 125I seeds radiation field, which means that abscopal regression was observed (Figures 1A, B, 2016–08–03, 2016–09–21).

CT and MR scans taken between December 2016 and April 2017, i.e., 5–9 months after implantation, showed that nearly all of the patient’s metastatic nodules, whether or not treated with PRISI, had undergone CR. The remaining two lesions had achieved partial response (PR), shrinking in diameter in one case from 52.86 mm to 12.62 mm and in the other case from 65.92 mm to 16.69 mm (Figures 1A, B, 2016–12–29, 2017–04–07).

Extraordinarily, all liver nodules had achieved CR by around 1 year after PRISI therapy (Figure 1, 2017–08–02). Follow-up results 13–15 months post PRISI therapy showed continued CR of liver metastases (Figures 1A, B, 2017–08–02 and 2017–10–10).

Unfortunately, the patient died of malnutrition caused by a non-tumor intestinal obstruction on 28 October 2017.



Discussion and conclusions

Radiotherapy has traditionally been reserved for the palliation of symptoms in patients with advanced disease, including in those who have poor responses to chemotherapy. Brachytherapy has been used for the clinical treatment of malignant tumors worldwide for many years (14), including for hepatocellular carcinoma (HCC) (15, 16), lung cancer (17, 18), prostate cancer, pancreatic cancer, pulmonary carcinoma, oral and maxillofacial tumors, and head and neck malignant neoplasms (19; K. 15, 20–29). Its therapeutic efficacy has been reported to be promising.

PRISI has been used in the liver, and there are reports of PRISI increasing OS in HCC patients after curative resection and in patients with metastatic liver cancer (25; K. 15, 30). In addition, PRISI has been reported to result in a high rate of CR and PR in patients with advanced unresectable HCC (26). Li et al. (16) suggested that palliative surgery plus PRISI is an appropriate therapeutic option for patients with large (diameter >5 cm) HCC tumors. In this case, we performed partial PRISI (in only one dorsal nodule and one ventral nodule) as salvage treatment to reduce tumor-related clinical symptoms and improve the patient’s quality of life. To our surprise, abscopal regression was observed in the liver metastatic lesions that were not treated with 125I seeds. Normally, the abscopal effect is driven by external beam radiotherapy (EBRT), which is prescribed to control the disease (10). The median reported radiation dose is 31 Gy (range: 0.45–60.75 Gy) with a median dose of 3 Gy per fraction (range: 0.15–26 Gy) (10). In this case, the prescription dose at the target volume was 120 Gy. Brachytherapy with interstitial implantation of radioactive seeds can achieve a high dose within the target area but the irradiation is sharply attenuated with distance (radiation diameter of 1.7 cm) (30), with the original dose reduced to 1% at 5 cm from the source. However, in this patient, multiple liver metastasis nodules first shrank and then eventually exhibited CR. In fact, the four lesions not treated with PRISI, i.e., which were not located inside the 125I seeds radiation field, within 1 month exhibited abscopal regression in the same way as the as two lesions implanted with 125I seeds. Impressively, follow-up MR and CT scans at 5 months after treatment showed PR or CR of multiple liver metastatic lesions, and subsequent MR and CT scans at 13–15 months’ follow-up showed complete resolution. The patient’s quality of life, as self-reported, improved significantly.

Studies suggest that immunological mechanisms play a key role in this rare phenomenon (31, 32). When radiation damage tumor cells to liberate tumor-associated antigens (TAAs) like necrotic and apoptotic tumor cells and debris. Increasing and diversity of TAAs stimulate tumor-specific immune response, antigen-presenting cells (APCs) engulf these TAAs and then activate CD8+ T cells to attack the tumor tissue (32). Irradiated tumor cells may also release cellular danger-associated molecular patterns (DAMPs) and cytokines that enhance the migration of immune cells (33).

On the other hand, we speculate that our metronomic TMZ regime also played a crucial role in this case, combining with 125I brachytherapy to boost the abscopal effect. Metronomic chemotherapy is designed to maintain low, but active, concentrations of chemotherapeutic drugs over prolonged periods of time without causing serious toxicities (Y. L. 11). Metronomic chemotherapy can promote tumor regression not only by inducing anti-angiogenesis but also by selectively depleting immunosuppressive cells such as myeloid-derived suppressor cells (MDSCs) and regulatory T cells (Tregs) and by increasing latent antitumor immune responses (C. A. 11–13, 34). Banissi et al. found that a low-dose metronomic TMZ regimen reduced the Treg/CD4+ ratios in the spleen of tumor-bearing rats (35). In our case, a low-dose metronomic TMZ regimen (50 mg/m2/day, days 1-21, every 4 weeks) was instituted before PRISI to prevent secondary brain metastasis, as clinical studies have shown that 40%–50% of SCLC patients develop brain metastases after completion of palliative chemotherapy. As shown from the clinical results, this patient still benefited from metronomic TMZ chemotherapy even after multiline treatment, including EP, IP, and TP. Besides, without grade 3-4 adverse events and fewer incidents of treatment interruption during the whole course of treatment. In addition, metronomic chemotherapy is known to induce tumor cells to release TAAs, initiating a T-cell anti-tumor response in the same way as radiation. Moreover, signals released by killed tumor cells would have had an impact on phagocytosis and/or antigen processing, or the maturation and trafficking of dendritic cells (13, 36–38). Taken together, the liver immune microenvironment might have been changed by PRISI and metronomic TMZ treatment in this patient. Regrettably, we did not undertake pathology or laboratory studies to measure cytokines and immune cell subsets and, therefore, have no relevant laboratory data to confirm the postulated mechanisms, mentioned above, in this case.

To our knowledge, this is the first study to report that PRISI boosts the abscopal effect in an ES-SCLC patient with multiple metastases. The metronomic TMZ regime may also help to generate abscopal regression in this therapeutic process. Although more clinical and laboratory trials are needed to elucidate the mechanism, PRISI combined with metronomic chemotherapy is a potential salvage treatment and could be used to control tumor metastases with few complications.
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Background

The rarity of hand acrometastases hampers the consensus-building for their optimal management among the involved oncology professionals. In the current literature, demolitive surgery overcomes the use of palliative radiotherapy, which proved to be ineffective in more than 30% of cases treated with classic palliative dose schemes, carrying also a not negligible radiation-related adverse event rate. Against this background, stereotactic body radiation therapy (SBRT) could emerge as a well-balanced therapeutic option.





Case summary

Here we describe the methods and outcomes of a SBRT treatment of a painful and function-limiting hand acrometastasis in a patient with a history of stage IIIB lung adenocarcinoma. We delivered a total dose of 30 Gy in five daily fractions to a soft-tissue metastasis abutting the fifth metacarpal bone through the SBRT protocol generally used for intracranial treatments. A few weeks later, the patient reported a clinical complete response with acrometastasis and pain disappearance, function recovery, and no significant toxicity. The acrometastasis was the first sign of an atypical cancer progression.





Conclusions

SBRT for hand acrometastases is feasible and might have the best therapeutic profile among the currently available treatment options for this rare clinical scenario. Larger investigations are needed to confirm the present single-case experience.
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Introduction

Acrometastases, namely metastases located distally to the elbow and knee, represent a rare clinical scenario generally indicating a high overall tumor burden and consequently a dismal prognosis, which does not exceed six months of median survival (1). Due to their rarity and absence of pathognomonic signs, acrometastases are often misdiagnosed and confused with benign diseases (i.e. pyogenic granuloma, osteomyelitis, tuberculosis, inflammatory processes, gout, etc.), especially when presenting in the context of undiagnosed cancer (2). The most prevalent primary tumors are lung, kidney, and breast carcinoma. Acrometastases to the hands arise as hot, reddened, growing, and painful nodules swelling the soft tissues and/or destroying the bones (3). This peculiar tumor location may severely impair function and alter quality of life, thus calling for timely diagnosis and treatment. As regards the latter, surgery procedures ranging from curettage to amputation are the most used therapeutic options for local removal (4), relegating radiotherapy (RT) to mere pain control by the classic palliative radiation doses commonly employed in metastatic bone disease (i.e. 8 Gy in single fraction, 20 Gy in five daily fractions, 30 Gy in ten daily fractions) (5). However, such a dose range may be inadequate to effectively shrink any relatively large lesion that disables motor function and causes severe pain due to the over-stretching of the hand’s densely innervated soft tissues (6–9). On the other side, surgery may physically eliminate the source of pain but often at the cost of crippling consequences on hand function (10). Therefore, within a non-standardized therapeutic algorithm for this rare clinical condition, stereotactic body radiation therapy (SBRT) using ablative doses could be introduced to achieve both symptom relief and function recovery, avoiding demolitive surgical procedures. SBRT uses large doses per fraction precisely delivered with specific stereotactic equipment to limit any damage to the healthy tissues surrounding the tumor target (11–14).

Here we describe the methods used for a metastatic lung cancer patient with an acrometastasis to the left hand treated with SBRT, together with the subsequent atypical clinical course.





Case report




Clinical presentation

A 57-year-old female with a history of stage IIIB lung adenocarcinoma (biopsy on 12 April 2022: KRAS-G12X, EGFR-wt, BRAF-wt, PDL1-, ALK-, ROS1-, RET-, MET- negative) submitted to concomitant chemo-radiotherapy (56 Gy in standard fractionated involved-field radiotherapy plus cisplatin-pemetrexed) in May-June 2022 needed a 30 Gy-palliative RT course to the right sacroiliac joint for the appearance of a painful gait-limiting metastasis to the corresponding sacral ala the following August, as detected by an 18F-FDG Positron Emission Tomography (PET). Almost simultaneously, the patient started complaining of moderate pain in her left hand, which rapidly developed allodynia, redness, and swelling of the hypothenar eminence and corresponding dorsal side. This greatly limited the hand function. Unfortunately, the PET scan was extended up to the proximal third of the forearms, having been performed with the arms overhead. An ultrasound exam revealed a nodular lesion measuring 3,8x3,1 cm at the palmo-lateral edge of the left hand and no other suspicious findings in the PET-unscanned forearm. A hand X-ray did not detect any macroscopic lysis of the abutting fifth metacarpal bone. The final magnetic resonance imaging (MRI) confirmed the suspicion of a soft tissue acrometastasis closely adherent to the cortical bone of the basis of the fifth metacarpal bone. The patient refused any surgical procedures and was admitted to radiotherapy care. Given the low overall tumor burden (still classifiable as oligoprogressive disease), the patient’s good performance status (Karnofsky score = 80), and our concerns about classic palliative radiotherapy, we decided on SBRT before starting immunotherapy.





Intervention description

A prerequisite for high-precision SBRT is a robust immobilization system to ensure a reproducible and accurate setup as much as possible. As we chose to deliver the treatment by a Novalis TrueBeam STx (Varian, Palo Alto, CA, USA), we used the stereotactic equipment for intracranial targets: the patient was positioned prone on the simul-Computed Tomography (CT) couch with her left hand above her head and between a two-sheet stereotactic mask within the frameless extension for ExacTrac™ system (Brainlab®, Munich, Germany) at the couch top, the hand replacing the skull (Figure 1). The simulation CT scan was acquired with 1.5mm thickness slices and merged with the previous diagnostic MRI for precise delineation of the gross tumor volume (GTV). This was 1 mm-expanded to create a clinical target volume (CTV) covering any possible subclinical spread, especially in the fifth metacarpal bone. A final expansion of 1 mm was added to the CTV for the definition of the planning target volume (PTV) to avoid missing the target for submillimeter displacements, i.e. the largest possible per protocol. We planned a total dose of 30 Gy in five daily fractions and reported 95% of the dose prescription to the 98% of the PTV (with a 108,4% maximum point dose) by two coplanar volumetric modulated arcs (VMAT) (50°-181°CCW/CW). The treatment was delivered under both the ExacTrac- and cone beam CT-guidance in five consecutive days in September 2022 (Figure 2).




Figure 1 | (A) Clinical presentation of the acrometastasis; (B) MR exam of the left hand; (C) set-up procedure; (D) contouring process on the CT-simulation; (E) 95% dose coverage with the two treatment coplanar arcs highlighted; (F) hand status one month after SBRT.






Figure 2 | Treatment setup verification by the ExacTrac system.







Outcomes and follow-up

The patient experienced a rapid acrometastasis shrinkage with progressive resolution of pain and recovery of hand function, which were complete four weeks after the end of RT. No significant toxicity was complained. Then, the patient started a systemic treatment with Nivolumab, which was suspended just after two cycles due to the occurrence of severe pneumonitis first and of pseudomembranous colitis later, requiring hospitalization for more than one month. Once these intercurrent events passed and before starting any further systemic treatments, the patient returned to our attention due to the painful progression of her metastatic disease at the right supraclavicular fossa (7,8 cm diameter) and at three further sites of her left arm: a large epitrochlear lymph node metastasis (2,7 cm diameter), a soft tissue metastasis inside the bicep muscle (5,5 cm diameter), and bulky matted axillary node metastases (7,7 cm diameter) causing mild arm swelling. In our opinion, the centripetal in transit-like progression of the tumor disease at this stage needed a more inclusive RT approach rather than selectively irradiating only the three metastatic sites of the left arm. Thus, in December 2022, we treated the whole left arm from the shoulder to the elbow with a dose of 20 Gy in five fractions of 4 Gy each while simultaneously boosting (simultaneous integrated boost, SIB) the gross nodal and tumor volumes to 30 Gy (6 Gy/day). The right bulky supraclavicular metastasis was concomitantly treated with a dose of 30 Gy. Just after the completion of these treatments (14 December), the patient performed a brain MRI exam to establish the brain tumor burden as the previous contrast-enhanced CT had detected two small brain metastases, eventually amenable to stereotactic radiosurgery. Unfortunately, the brain MRI revealed multiple disseminated subcentimeter metastases, for which the most appropriate treatment was deemed to be whole-brain radiotherapy. This was delivered with a dose of 20 Gy in five consecutive days to initiate a systemic treatment as early as possible. The patient started docetaxel on 2 January 2023. At the last follow-up (16 January 2023), all four extracranial metastases except the one in the biceps downsized and were nontender while the left hand still presented a sustained complete response with full functional recovery and no residual pain. The brain MRI re-evaluation is awaited in due course (Figure 3).




Figure 3 | Timeline of events.








Discussion

To our knowledge, this is the first case of acrometastasis to the hand treated with SBRT. According to the recent systematic review by Umana et al. (2), surgery is the most common treatment for this metastatic bone site, especially in the form of digital or ray amputation (15). Obviously, such a demolitive surgery has an adverse aesthetic and functional impact and represents a physical and psychological trauma worsening the patient’s daily living (10).

Radiotherapy is a historical therapeutic option for the palliative treatment of painful or complicated bone metastases (5), being able to be also integrated with new systemic anticancer therapies (16). With advancing technology and awareness of the oligometastatic or oligoprogressive status, which deserve dose-escalation aimed at better local control (17, 18), the SBRT use for bone metastases is enormously increased in recent years, being currently tested also for polymetastatic setting (19). Compared to classic palliative RT using low biologically effective doses, SBRT adopts larger doses, which fall steeply off the tumor target, drastically reducing the risk of damage to surrounding healthy tissues exposed to radiation (20–22). In metastatic bone disease, this technique demonstrated to improve the complete pain response rate while reducing the local progression one (23).

Reviewing the literature on hand acrometastases shows that the response to classic palliative RT doses is variable. For example, the clinical results achieved through 30 Gy in 10 fractions ranged from good symptom palliation in three cases (two metacarpal, one phalangeal), modest pain control in another report with metastatic involvement of a distal phalanx, and to no significant benefit with even worsening of swelling in another patient with bilateral carpal bone metastases (6, 24–27). In another case of thumb metastasis, a 30 Gy dose produced a symptomatic improvement, along with soft tissue edema as a collateral event (28). Longer dose fractionation schemes (54 Gy in 27 fractions and 40 Gy in 20 fractions) were equally effective, but more treatment sessions could potentially discomfort patients in terms of compliance with the RT schedule (27, 29). A total dose of 27 Gy, whose fractionation scheme was omitted, resulted in the complete disappearance of both pain and swelling in a patient with a metacarpal bone metastasis (30). Pain and motion complaints resolved after 8 Gy-single fraction administration in other two cases of metacarpal metastases (3). Two further patients benefitted from an 8 Gy-single fraction (31, 32). A dose of 15 Gy in 3 fractions produced only transient pain relief lasting a few weeks (7). Lastly, 20 Gy in 5 fractions produced no response in two patients (8, 9) and complete pain relief and regaining of the full range of motion in another one (33). No indication about the dose used in another mostly ineffective RT treatment for a distal phalanx metastasis was provided by the authors (34). This inconsistency of results motivated us to test an escalation of radiation dose in our case. Indeed, from this pooled cohort, there is evidence of a treatment failure rate and radiation-related adverse event rate equal to 31,6% (6/19) and 10,5% (2/19), respectively. The above findings are summarized in Table 1.


Table 1 | Summary of case reports listing the prescribed radiation dose, fractionation scheme and clinical outcomes.



Given the excellent performance of easier ultra-hypofractionated RT protocols (without the support of any stereotactic technology) even among frail patients (35, 36), one may question the need for SBRT in the scenario described here. However, it is worth noting that an expanded target volume (i.e. PTV to take into account any positional uncertainties) at this body site may provoke excessive acute skin toxicity, like in Dupuytren’s disease treatment, and a greater risk of bone necrosis (37–39). Moreover, exposing a larger amount of the healthy lymphatic system to harmful radiation can produce chronic lymphedema culminating in function-limiting stiffness of the hand (40–42).

Our SBRT protocol was based on the use of the ExacTrac system, which, despite being specifically designed for intracranial and spine targets (17, 21, 43, 44), proved to be of great accuracy also in the treatment of appendicular skeleton in upper extremities (45). Other than the setup corrections, which notoriously reduce the toxicity rate when done on a daily basis (46), the ExacTrac system allows also intrafraction motion monitoring.

The characteristic tangential effect of rotational RT techniques like that used here reduces the need for a bolus to adequately irradiate even the most superficial layers of the target abutting the skin (47, 48). In agreement with this, we registered that 95% of the dose prescription covered 98,12% of the PTV.

Our patient achieved a rapid complete response in terms of both tumor regression and pain reduction with no significant toxicity, also restoring the full range of motion of her left hand. These findings encourage the introduction of SBRT among the therapeutic options available for the treatment of acrometastases.

The present case report has also the merit to describe an atypical cancer progression along the upper extremity after the appearance of the hand acrometastasis, alerting the practitioners about such a possible disease evolution. Interestingly, the tumor histology of our patient exhibited poor sensitivity to systemic drugs while being a good responder to radiation. This warrants further investigations on the possible cancer cell targets to hit with radionuclide therapeutic agents (49).





Conclusions

SBRT might be characterized by the most favorable therapeutic profile among the currently available therapeutic options for the treatment of acrometastases. Larger series of patients are needed to confirm the results of our single case description.





Patient perspective

I am fully satisfied with the clinical result obtained in the hand, confident in achieving the same in the arm, and enormously grateful to the doctors who are supporting me in my fight against cancer.
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Primary diagnosis

a2 X 1.5 cm mass at

12 o’clock in the right
breast

Primary pathology
Metaplastic squamous cell
carcinoma
Immunohistochemistry
ER(-), PR(-), HER-2(-),
CK5/6(+), Ki-67(+,80%),
EGFR(+), E-Cadherin(-)

Treatments

Surgery: Modified radical
resection of the right
breast and right axillary
lymph node dissection
Adjuvant chemotherapy:
4XEC—4XT

Adjuvant radiotherapy:
IMRT to the whole right
breast (50Gy/25f)

Recurrent diagnosis
Right chest wall and
ribs

Recurrent pathology

Squamous cell carcinoma,

originating from the
breast
Immunohistochemistry
ER(-), PR(-), HER-2(-),
CKS5/6(+), Ki-67(+,60%),
P40(+), P63 (+)

Treatments
Surgery: Rib lesion
resection

Adjuvant chemotherapy:

6 X TP

Adjuvant radiotherapy:
Single-field electron
irradiation to lesion area
(54Gy/18f)

No significant
recurrence and
metastasis

Recurrent diagnosis
Pulmonary nodules and
mediastinal lymph
nodes

Recurrent pathology
Squamous cell carcinoma,
originating from the
breast
Immunohistochemistry
PD-L1(SP263) (+,2%)

Treatments
Chemotherapy combined
with immunotheraphy:

4 X TP+ nivolumab
Immune maintenance
therapy:

Nivolumab for one year
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Date Tumor location Treatment Tumorresponse PES (months)

2015-7 the right wall of the abdomen surgery CR 6
the left pelvic cavity surgery+'*I seed implantation CR 43
near the right iliac vessels surgery+'>I seed implantation CR 43
2015-8/2015-9 behind the bladder 12 seed implantation CR 35
2016-1 recurrent tumor in abdominal wall 127 seed implantation CR 32
2018-10 recurrent tumor behind the bladder 127 seed implantation CR 4

recurrent tumor in abdominal wall 127 seed implantation CR 4
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Parameters 2D-conventional radiotherapy Re-irradiation SBRT Re-irradiation SBRT Cumulative dose

(1rst course)* (2nd course) (3rd course)
Dose fractionation [Gy] 30 Gy in 12 fractions 18 Gy in 3 fractions 30 Gy in 5 fractions
Technique 2D radiotherapy SBRT SBRT 2D + SBRT
PTV volume [cm’] N/A 276 5.87
PTV D95% N/A 19.02 Gy 2343 Gy
PTV D50% N/A 20.16 Gy 33.88 Gy
Organs at risk (OARs) 347 2.89 3.94 42.78
Spinal cord
Dyax EQD; [Gy]
Gy — Gray; cm® — cubic centimetre; D, cm® — dose received by x cm® of volume; Dy, — maximum dose; EQD, — equivalent dose in 2 Gy.
*We have included the dose delivered during the IMC irradiation (Dmax 5.46 Gy, corresponding to an EQD; of 3.05 Gy).
NA, not available.
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I Chemotherapy

l Radiotherapy A brain MRI detected

The patient experienced

l Immunotherapy o — painful progressive disease mu:tis]:le subc;ét}i\meter
" Moderate pain, allodynia ) both in the right - LS
s ’ g § treated with WBRT at a

redness, and swelling of the supradavicular fossa and in dose of 20 Gy/5Fx

The patient was referred to hypothenar eminence of the three further sites of her left ¥ :

our clinical observation for
the appearance of a painful
gait-limiting metastasis at the
rightsacralala.

left hand with limited range arm.
of motion.

S w’

2023

-Last follow-up
Complete response is
still presentin the left
. Dece m be r hand with full functional
____> recovery and no residual
pain. The patient started
docetaxel.

¢ IS4 A
- The whole left arm
recetved 20 Gy/5Fx while
the gross nodal  and
tumor  wolumes were
sirnultaneously  boosted
up to 30 Gy/5Fx (SIB).
- The right supraclavicular
Four weeks later : Complete fossareceived 30Gy5Fx.
recovery of hand function and
resolution of pain and swelling.

- Involvedfield radiotherapy

-Right sacroiliac joint -Lefthand acrometastasis

Both an ultrasound exam and an
MRI showed the presence of a
nodular lesion at the palmo-lateral
edge of theleft hand.

All extracranial metastases except
the one in the left biceps brachii
downsized and were nontender.
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July 12, 2018

July 24, 2018

October 15,
2018

September 9,
2021

Episode of care

1. Bronchoscopy showed stenosis in central airway.
2. The patient underwent bronchoscopic ablative therapy and balloon dilation.

A Y-shaped and stainless-steel stent loaded with radioactive '*°I seeds was placed in the lower trachea with bronchoscope and under the vision from

bronchoscope.

The Y-shaped stent with radioactive '**I seeds was removed using bronchoscope.

In the most recent follow-up, the patient was alive without symptoms, and her central airway was almost normal without stenosis or tumors.
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Articles Age Sex Location Grade Initial size Treatment 1 Treatment 2 Treatment 3 Outcome

(year) (O] (cm)
Mirica et al.,, 2016 59 F  Pancreas G2 4/3.8 Surgery Somatostatin analogue Chemotherapy ~ “Alive 34
(16) months
Won et al., 2017 52 F  Pancreas  NEC 98 Etoposide + CCRT (etposide+. Cisplatin +  Irinotecan + SAlive 11
(17) cisplatin 54 Gy/30 Fr) cisplatin months
Meng et al, 2018 56 F  Liver Gl 20x16x11 Surgery None None SAlive 6
(18) years
Alshammari et al., 57 M Colon NEC 9x7 Surgery None None N/A
2019 (19)
Wang et al., 2021 55 F  Duodenum G2 6.2x5.8 Surgery None None SAlive 3
(20) months
Namikawa et al., 64 M Stomach G3 *25 Everolimus + None None *Died 8
2021 (21) somatostatin months
Felux et al., 2022 65 F  Colon NEC 9.8-10.5 Surgery Carboplatin + Etoposide None N/A
(22)
Present case, 2022 63 M Pancreas G2 16.1x 14.9x  Lanreotide CCRT (XELOX+ 70 Gy/35 Fr)  Surgery SAlive 45
14.5 months

F, female; M, male; NEC, neuroendocrine carcinoma; CCRT, concurrent chemoradiotherapy; Gy, Grays Fr, fraction; XELOX, Capecitabine plus oxaliplatin; N/A, not applicable.

“The case was diagnosed with hemoperitoneum due to hemorrhaging of the enormous liver metastasis with 25 cm in diameter. CT imaging revealed progression of liver metastasis, and the
patient died 8 months after initial treatment.

“Alive since diagnosis.

Y ALice since initial taitriait:
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Suspicion

Diagnosis sticharoidal Macular Vitreous Vitreous Macular hole
hole hemorrhage hemorrhage closed
melanoma
UWF/OCT i CFP/UWF CFP/UWF
Examination EAIICGA PET-CT UWF/OCT PET-CT o hobigyul? UWF/OCT
SPECT
2020-11-16  2021-01-04 2021-06-23 2021-07-08 2021-11-11 2022-01-13 Prognosis: good
BCVA 20/17 20/17 20/50 20/2000 LP 20/125
: - PPV+
Treatment Radiotherapy Observation Second PPV

ILM peeling
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PN Gender Primary Radiotherapy
cancer TNM  mode/dose

1M pT4aN2cMO IMRT/66 Gy ¥

2 F T2bN3 3D CRT/ ¥
70 Gy

30F pTINI(10/19) 3D CRT photons/ Y

PTINO 50 + 10 Gy

4 F pTIENO 3D CRT photons/ Y
50 Gy
3D CRT electrons 9
MeV/10 Gy

5 F pT1cNO 3D CRT photons/ Y
50 +10 Gy

6 F pT2N1(8/24) 3D CRT photons/ Y
50+ 10 Gy

7 F pTINI(1/18) 3D CRT photons/ Y
50 +10 Gy

RT

0

46

63

61

53

63

RIS

a2

53

75

67

67

73

CCRT Ageat Ageat Latency
(years)

12

14

10

Location of RIS Pathology subtypes

Nuchal region

Left
sternocleidomastoid
muscle

Left breast

Left scapulo-
humeral

Left breast

Left armpit + left

thoracic wall

Left breast

Desmoid tumor

Leiomyosarcoma + pleomorphic areas

Chondrosarcoma

Leiomyosarcoma + undifferentiated high grade
pleomorphic sarcoma

High grade angiosarcoma

High-grade undifferentiated pleomorphic

sarcoma (myofibroblastic sarcoma)

High-grade angiosarcoma

Treatment of RIS

CHT

S+ CHT

S+ CHT

RT

ECT

CHT

Radiofrequency
ablation + CHT + ECT

Resection

Result

N/A

RO

RO

RI

N/A

N/A

RO

Outcome

AWD
08.09.2021
67 months
DOD

23082016
36 months
DOD

28.09.2018
45 months
DOD

04012014
16 months

DOD
29.10.2019
28 months
DOD
15022021
5 months
AWD

Last FU
01032022
14 months

INM stage according to the American Joint Committee of Cancer (AJCC) staging system (7th edition). PN, Patient number; M, Male; F, Female; CCRT, Concurrent Chemoradiotherapy; § + CHT, Surgery + Chemotherapy; RT, Radiotherapy, CHT,

Chiemotherany:

Blectrochemotherspy: IMRT, Intensity-modulated radiotherapys 31 CRT, three-dimensional conformal radiation therapy; DOD, Dead of diseases AWD); Alive with diseases N/A. not applicable;
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Sarcoma patients (from 2009 to 2022)

On follow-up

Sex (M/F)

Age, mean (range)

Patient territorial distribution

+ Basilicata
« Puglia

+ Campania
« Other

Center of diagnosis/surgery

« IRCCS CROB

« Other
Metastasis at diagnosis (Yes/No)
Disease progression
Surgical excision
Chemotherapy

« Neoadjuvant

o st line

« 2nd line

+ 3rd line

« 4th line

« 5thline

« 6th line
Eribulina
Olaratumab
Crizotinib
Imatinib (Cordoma)
FOLFIRI/FUFA (carcinosarcoma-MMMT)
Pomalidomide (Kaposi sarcoma)
Protocol ISG/SSG (Ewing sarcoma)
Proton therapy
Autologous transplant
Brachytherapy
Electrochemotherapy
Radiotherapy
Palliative
Adjuvant

Months of follow-up, mean (range)

N =186

52
85/101
59.7 (15-91)

121
16
38
11

116
70
74/112
73
72
90
7

3 (33 patients only one line)

50 (I+1I1)
29 (I+11+111)
15 (I+I+11+1V)

9 (I+1I+I1+1V+V)
3 (I+II+I+IV+V+VI)
2
3
1

13
40
6
34
58.5 (0.6-380.7)
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Zhou XY

Foster W]
©

Gold AS
)

Gold AS
@]

Gold AS
@]
Narang $
)
Balestrazzi
A©9)
Uffer S
(10)
Shields CL
(1
Beykin G
(12)
Damato B
13)

OD, right eye; OS, left eye; HM, hand motion; FC, finger counti

Country

Japan

America
‘America
America
America
India

Taly
Switzerland
America
Israel

England

Age/
Sex/
Eye

83/M/
0s

84/M/
0s.
65/F/
0s.
77IE/
0s.
70/F/
oD

45/F/
0s.

62/F/
0s.
7MY
0s
75/F/
oD
72/F/
0s
45/M/
0s

Initial
visual
acuity

2017

NA
20/400
201200
201200

20/1200
20120

HM

201100
FC 30cm

NA

Tumor location
to the optic disc

Nasal

Anterior to the
equator
Temporal
Nasal
Inferonasal
Temporal
Superior
Temporal
Superonasal

NA

Nasal

Tumor
base
(mm)

5957

7x6
16 x 14
14x13
16 x 14
102 % 9.1
82x77
NA
NA
64x72

8x NA

Tumor
thickness
(mm)

41

35
24
23
58
47
25
130
NA

26

Tumor
color

Amelanotic

NA
Melanotic
Melanotic
Melanotic
Orangeish-
yellow
Pigmented
Pigmented
Melanotic
NA

NA

Tumor
treatment

Stercotactic
hypofractionated
radiotherapy
Plaque

Plaque

Plaque

Plaque

pa—

TTT
Enucleation
Plaque

Plaque

Local resection

Time of
macular
hole

5M after
radiotherapy

After Plaque
Concurrence
Concurrence
NA
Concurrence
3M after TTT
Concurrence
26M after
Plaque

After Plaue

After
resection

Macular hole
diameter
(um)

232

NA
NA
NA
NA
500
NA
NA
NA
NA

NA

jection; NA, not available.

Other
manifestations

PVD; VH

NA

RD

RD; CME; PVD

DH; CME

RD

RD

Procedure

PPV+4ILMP

PPV+ILMP

PPV+ILMP

No

No

No

PPV+ILMP

No

STTA

PPV+ILMP

PPV

Macular
hole/Metas-
tases

Closed/No

NA/No

Closed/No

Unclosed/No

NA/Yes

NA/No

Closed/No

NA/No

Unclosed/NA

Closed/No

Unclosed/NA

, transpupillary thermotherapy; Plaque: iodine-125 plaque brachytherapy; PVD, posterior vitreous detachment; VH, vitreous hemorrhage; RD, retinal detachment; CME, cystoid macular
edema; DH, disk hemorrhage; PPV, pars plana vitrectomy; ILMP, internal limiting membrane peeling: STTA, subtenon triamcinolone acetonide





OPS/images/fonc.2022.895189/table1.jpg
Authors Year

Smyth et al. (10) 2009
Kapoor et al. (11) 2009
Chand et al. (12) 2010

Balukrishna et al. (13) 2011
de Oliveira et al. (14) 2019

Puri et al. (15) 2019

Gender/age  Methods

of detection
Male/50 CT biopsy
Male/72 PET/CT biopsy
Female/73 US CT biopsy
Male/56 CT biopsy
Male/41 CT biopsy
Male/69 CT biopsy

ESCC, esophageal squamous cell carcinoma; NM, not mentioned.

Location

Left buttock

Right posterior chest wall
Left anterior abdomen
Right posterior chest wall

Right hemithorax, flank,
and armpit

Posterior neck, left index
finger, and left abdomen

Systemic metastases

Lung

Lung, bone

Lung, liver, kidneys, and omentum
No

Lymph node of multiple
regions, retroperitoneal and pleural
nodules

Lung, liver, and brain

Treatment

Radiotherapy
NM

NM
Chemotherapy
Chemotherapy

Radiotherapy
+chemotherapy
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Antibody 17 April 2019 18 January 2022

Inner cells Outer cells Inner cells Outer cells

CK7 Positive Negative Positive Negative
P63 Negative Positive Negative Positive
SMA Negative Positive Negative Positive
VIM Negative Positive Negative Positive
CK Positive Positive Positive Positive
EGFR Positive Positive = 2

CD117 Positive Positive - -

MLH1 Positive Positive 2 =

MSH2 Positive Positive - -

MSH6 Positive Positive - -

PMS2 Positive Positive % -

Actin Negative Negative ~ =

GEAP Negative Negative . .

$-100 Negative Negative Positive Positive
CK5/6 @ « Positive Positive
KI-67 Positive Positive Positive Positive

CK, cytokeratin; SMA, smooth muscle actin; VIM, vimentin; EGFR, epidermal growth factor receptor; GFAP, glial fibrillary acidic protein; “-”, this test was not performed.
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lliac tumor resection Last follow-up
Tumor found and pathological showed stable
and biopsy evaluation disease
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Surgical resection of
the thoracic tumor
and body gamma

knife treatment for the
iliac tumor
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knife treatment for the
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Week 1-8

Medication Name
Testosterone propionate
Mesterolone

Stanozolol

Anastrazole

CDMT

Human Growth Hormone
Week 8-16

Medication Name
Testosterone isocaproate
Nandrolone

Boldenone

Anastrazole
Metandienone

Human Growth Hormone
Week 16-20

Medication Name
Testosterone propionate
Drostanolone propionate
Oxandrolone

Stanozolol

Mesterolone
Fluoxymesterone

Human Growth Hormone

Medication Class
AR agonist

AR agonist

AR agonist

Aromatase inhibitor
AR agonist

GHR agonist

Medication Class
AR agonist

AR agonist

AR agonist
Aromatase inhibitor
AR agonist

GHR agonist

Medication Class
AR agonist

AR agonist

AR agonist

AR agonist

AR agonist

AR agonist

GHR agonist

Dose
250 mg
50 mg
10 mg
0.5 mg
50 mg
0.08 mg

Dose
150 mg
400 mg
300 mg
0.5 mg
50 mg
0.08 mg

Dose
250 mg
100 mg
50 mg
10 mg
50 mg
10 mg
0.08 mg

Dosage

QAD

BID

TID

QAD

BID

Biweekly (Mon and Thurs)

Dosage

Biweekly (Mon and Thurs)
Biweekly (Mon and Thurs)
Biweekly (Mon and Thurs)
QAD

BID

Biweekly (Mon and Thurs)

Dosage

QAD

Biweekly (Mon and Thurs)
BID

TID

BID

BID

Biweekly (Mon and Thurs)
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