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The sudden pandemic of SARS-Cov-2 (also known as novel coronavirus disease 2019, COVID-19) poses a severe threat to hundreds of millions of lives in the world. The complete cure of the virus largely relies on the immune system, which becomes particularly a challenge for the cancer subjects, whose immunity is generally compromised. However, in a constant evolving situation, the clinical data on the prevalence of SARS-Cov-2 for cancer patients is still limited. On top of a wide range of medical references and interim guidelines including CDC, NCI, ASCO, ESMO, NCCN, AACR, ESMO, and the National Health Commission of China, etc., we formed into a guideline based on our experience in our specialized cancer hospital in Wuhan, the originally endemic center of the virus. Furthermore, we formulated an expert consensus which was developed by all contributors from different disciplines after fully discussion based on our understanding and analysis of limited information of COVID-19. The consensus highlighted a multidisciplinary team diagnostic model with assessment of the balance between risks and benefits prior to treatment, individualizing satisfaction of patients’ medical needs, and acceptability in ethics and patients’ socio-economic conditions.
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INTRODUCTION

Oncologists are facing great challenges on treating cancer patients in the current pandemic of SARS-Cov-2 (also known as novel coronavirus disease 2019, COVID-19) (1). Given the lack of clinical guidance on cancer treatment in the set of the pandemic coronavirus, a rationale consensus for clinical cancer treatment becomes an urgent priority (2). Located in Wuhan, China, where the center of early COVID-19 breakout was, Hubei Cancer Hospital have tested 20,341 cases of SARS-Cov-2 nucleic acids for patients and caregivers, of which 30 were positive by June 24, 2020. At the meantime, the number of subjects took IgG and IgM tests of SARS-Cov-2 reached to 24,023 cases, of which 344 and 125 were showing positive, respectively. Although the recommendations for lung cancer was suggested based on ESMO management and treatment (3), general guidelines for cancer patients care and treatments are still in need because the unprecedented event not only directly claimed hundreds of millions of severe infection and lives, but also massively destructed the social structures and habits around the world. For the sake of cancer patient’s desperate expectation on the needs of personalized medical treatment and fully activation of the therapeutic potential of the multidisciplinary team (MDT) of the Hubei Cancer Hospital in Wuhan, we developed an expert consensus for treatment options on cancer patients during the pandemic of SARS-CoV-2 based on the coronaviruses pneumonia treatment guidelines posted by the National Health Commission (NHC) of China and the latest international research progresses from relevant literatures and professional organization websites including Center for Disease Control and Prevention (CDC), NCI, ASCO, ESMO, NCCN, and AACR. Three experts independently drafted the initial manuscript of the operating procedures, taking into account the actual coronavirus prevalent situation and medical capability of our hospital. After fully discussion and voting, we formulated the suggestions consented by all contributors from different disciplines.



GENERAL PRINCIPLES FOR CANCER THERAPY


Relationship Between Cancer Patients and New Coronary Pneumonia by COVID-19

So far, there were two Chinese studies of which 18 patients had cancer history in 1571 patients of COVID-19 and 12 patients suffered COVID-19 in 1571 cancer patients, suggesting the susceptibility to COVID-19 was higher than the overall population incidence, and concluding that cancer patients were most likely to be infected (4, 5). The Thoracic Cancers International COVID-19 Collaboration (TERAVOLT) registry indicated that as high as 76% patients with thoracic malignancies were hospitalized and 33% died of 200 patients with COVID-19 and thoracic cancers from eight countries, between March 26 and April 12, 2020 (6). Only 13 (10%) of 134 patients who met criteria for intensive care units (ICU) admission were admitted to ICU; the remaining 121 were hospitalized, but were not admitted to ICU (6). Patients with cancer have a higher risk to develop into serious consequences, which is defined as requiring invasive ventilation or ICU. Whether mortality could be reduced with treatment in intensive care remains to be determined. With improved cancer therapeutic options, access to intensive care should be discussed in a multidisciplinary setting based on cancer specific mortality and patients’ preference (6). However, it is not an ideal representative of the entire cancer subpopulation because of comparably small sample size (7). In addition, we did not notice a higher infection rate in cancer patients in our square cabin hospital, a specialized temporary hospital. Because the majority patients treated by square cabin hospital were in mild conditions, it may not represent common situation which is consistent with an epidemiological study covering cancer patients (8). Undoubtedly, patients in cancer treatment are at high risk, because they need to face two serious medical problems at the same time (9). TERAVOLT also indicated that 76% patients had non-small-cell lung cancer, and 74% were on therapy at the time of COVID-19 diagnosis, with 57% on first-line treatment (6). Therefore, it is essential to test SARS-CoV-2 in all lung cancer patients, where the early identification of SARS-CoV-2 may result in tailored management (10). In addition, a tiered approach based on the presumed risk of immunosuppression with different chemotherapy drug to testing could help provide patients with life-saving chemotherapy without jeopardizing their chances of benefit (11).

No evidence has been found that the infection rates are correlated with different histology such as breast or lung, treatment modality such as immunotherapy or tyrosine kinase inhibitor (TKI) treatment, or a subpopulation of patients such as children or elderly (12). As more evidence emerges, further information on COVID-19 from ASCO, CDC, ESMO, and NHC shall be continuously updated.



Suggestions of Hygiene Instruction for Cancer Patients

It is necessary to spread strict hygiene instructions against COVID-19 to all the people, especially to vulnerable cancer patients. The cancer patients are required to make an appointment for COVID-19 screening after possible exposure or contact with patients verified with COVID-19 infection. Posters on general instructions of hygiene and symptoms of COVID-19 are suggested to exhibited in the entrance of hospitals or other eye-catching area for patients to understand and follow.

It is suggested to inform patients as much as possible to read and follow the existing comments and suggestions, such as manuals of new coronary pneumonia composed by us, as well as the New Coronavirus Pneumonia Prevention and Control Plan of the NHC (Sixth Edition), New Coronary Pneumonia Outpatient Rehabilitation Program of the General Office of the NHC (Temporary), New Coronavirus Pneumonia Diagnosis and Treatment Program (Seventh Edition), National Health Management Plan for New Crown Pneumonia Discharged Patients (Temporary), Psychological Counseling Work Program in New Coronary Pneumonia Outbreak and others by NHC (12–17).



Management of Suspected Cases

There is no specific guideline for the detection of COVID-19 (including nucleic acid, serum IgM/IgG antibodies, and chest CT) in cancer patients. For cancer patients with fever or other infection symptoms, relevant testing and isolation procedure should be conducted in accordance with NHC’s general medical and public health guidelines. The detailed and definite working protocols are available from New Coronary Pneumonia Screening Criteria for Cancer Patients in Hubei Cancer Hospital (Second Edition) or our hospital website (Figure 1). It shall be vigilant because the chance is increasing to meet asymptomatic infections in the later stage of the epidemic.
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FIGURE 1. Flow diagram hospitalization during COVID-19 pandemic. The cancer hospital endeavors to take necessary measures to protect the right of an individual patient seeking medical assistance while keeps the institution efficiently running for protection of the medical professionals and many other hospitalized patients free of virus infection.




GENERAL PRINCIPLES FOR THE THERAPY OF COMMON PATIENTS WITH CANCER


Surgery for Cancer Patients

According to the guidance from the CDC and the American College of Surgeons (ACS) (18), some general principles for all situations include: ➀ Based on medical urgency judgment and resource availability, patients should receive appropriately and timely surgical treatment before potentially infected patients are ruled out by COVID-19 test results. ➁ If it is clinically appropriate for patients, non-surgical treatment or rescheduling elective surgery should be considered. ➂ However, individual decision on the potential harm of delaying a cancer-related surgery should be made by clinicians. For example, patients with early hormone receptor-positive breast cancer may be suitable for months of endocrine therapy and a delayed surgery (19). ➃ In the perioperative later-period, patients might also try to recover at home, and keep communicating with MDT team at any time to reduce the chance of COVID-19 infection in hospital. ➄ Due to limited teamwork, emergency surgery at night is suggested to avoid. ➅ Aerosol generating procedure (AGP) increases the risk for medical staff, but it may not be avoided. Conditions likely causing AGP are tracheal intubation, bronchoscopy, chest tube, blood electrocautery, gastrointestinal tissues, body fluids, and laparoscopy/endoscopy. ➆ There is not enough data to recommend/oppose open or laparoscopy methods; however, the surgical team should choose the appropriate method to minimize the surgical time and to provide maximum safety for patients and healthcare providers. ➇ For the proposed surgery, the advantages of the MDT need to be fully adopted to reduce unplanned surgery (20).



Anti-cancer Drug Therapy

At present, there is no direct evidence supporting change or discontinuation of chemotherapy, targeted therapy, or immunotherapy in cancer patients during COVID-19 pandemic (21). Therefore, routine suspension of key anticancer or immunosuppressive therapies is not recommended. Because it is difficult to balance the benefits of delayed or interrupted treatment in the course of the prevention of COVID-19, clinical decision should be individualized, such as the risk of cancer recurrence and the patient’s treatment tolerance (22). Here are the basic rules of decision making for cancer clinical physicians in the COVID-19 pandemic:

➀ For patients with significant remission of tumor undergoing maintenance therapy, it is considered to temporarily delay the chemotherapy. Chemotherapy of some patients can be transformed from intravenous to oral administration, but the medical team should be more vigilant to ensure that medicine is correctly administrated to patients.

➁ The decision of changing or interrupting chemotherapy should consider the urgency of treatment. For example, the ratio of risk to benefit of patients with untreated extensive small cell lung cancer is significantly different from patients with metastatic non-small cell lung cancer treated by pemetrexed maintenance. On the other hand, patients with aggressive hematological malignancies should be immediately treated to save lives.

➂ It is suggested to postpone adjuvant chemotherapy for 2 weeks if patients cannot arrive to the hospital for treatment, or it may also be delivered in another COVID-19 free medical center. Considering the convenience for patients and medical staff, chemotherapy in the outpatient department is feasible. If the benefits of adjuvant chemotherapy are likely to be less and there is a non-immunosuppressive option such as hormone therapy for ER + breast cancer, then the risk of COVID-19 needs to be preferentially considered.

➃ In high-risk and intensified chemotherapy regimens, the prophylactic growth factors and prophylactic antibiotics may have potential value for overall health improvement, thus these patients are relatively less vulnerable to COVID-19 complications.

➄ All of potential donors shall be tested for COVID-19 even in the absence of evidence of COVID-19 transmission through blood transfusion. Moreover, considering the insufficient supply, the blood products should be administrated only for urgent events.

➅ For patients having received long-term targeted treatment, oral drugs might be prescribed as long as possible such as for 1 to 2 months, and best obtaining from pharmacies but not hospitals.

➆ The affordability, i.e., economic toxicity should fully be considered while choosing treatment agents, because financial situation of each patient might have deteriorated significantly now and in future after the 2-month quarantine in pandemic.

➇ For patients of lung cancer, Neoadjuvant chemotherapies should be given top priority, as reported by NHS clinical guide for the management non-coronavirus, in patients with cancer requiring acute treatment. For patients with a new diagnosis of metastatic NSCLC, all standard options for first-line systemic therapy should be envisaged unaltered, including chemotherapy, immunotherapy, TKIs and different combinations, whereas delaying the treatment could compromise patient’s survival (high priority in ESMO) (3).

➈ For patients of metastatic NSCLC, immune checkpoint inhibitors (ICIs) schedule should be modified/delayed to reduce clinical visit, using 4-weekly nivolumab 480 mg or 6-weekly pembrolizumab 400 mg, instead of the standard 2-weekly, or 3-weekly (high priority). For patients on ICI for more than 12/18 months, delaying the subsequent cycle, omitting some cycles, or generally expanding intervals should be considered (3).



Preventive Antiviral Therapy

Currently, there is no evidence or published study for preventive antiviral treatment of COVID-19 in immunosuppressed cancer patients. To date, potential antiviral drugs that have been used or clinically studied, such as oseltamivir, chloroquine, redecvir, lopinavir, and even lopinavir combined with ritonavir (23) have not been officially proven to inhibit COVID-19. Although there are more than 700 clinical trials ongoing in the world (24, 25), none agent has been applied in a preventive setting targeting cancer patients. We suggest that patients without digestive tract tumors or chemotherapy can receive prophylactic Chinese medicine against COVID-19 (26), because many drugs have some gastrointestinal side effects. As to SARS-CoV-2 vaccine, theoretically, it will be difficult to be applied clinically in the next 12–18 months, so it may not affect the first wave of the current pandemic. However, it can be very useful at a later time or in a post-pandemic population (27).



Clinical Trials of Cancer Patients

According to the notification from the Hubei Provincial Drug Administration, currently it will not initiate new clinical trials that are not involved in new coronary pneumonia. New participants should be recruited for ongoing trials until the pandemic ending. The safety of trial participants and clinical investigators is paramount, which should be under vigorous personal protection (28). ASCO noted that clinical trials during the epidemic of COVID-19 are particularly challenging. Because of difficulties in meeting protocol-specified procedures including administering investigational product or adhering to protocol-mandated visits and laboratory/diagnostic testing (20). FDA has issued guidelines to provide general considerations on dealing with emerging issues (29). For patients already enrolled in ongoing clinical trials, the safety should always be a priority at all times through close communication among sponsors, investigators, research institution, GCP center, and independent ethics committee in accordance with GCP standards. Integrity of the clinical trials should be ensured in the greatest extent, with minimal deleterious effects to the health and benefits of the research participants (30). If participants may not be able to travel to the study site in a protocol-designated visit, sponsors and investigators should evaluate whether there are alternative security methods, such as telephone contact, virtual visits, alternative assessment sites, including local laboratories or imaging centers. The missing visits of a study should be recorded. During clinical research visits, even if a COVID-19 screening procedure is mandatory before receiving research productions, it is no required to report amendments to the protocol unless the sponsor will incorporate the collected data into new research objectives. Intravenous injection should be decentralized into a longer range of time because of relatively limited capacity compared with non-epidemic. The additional costs in travel and screening should be reimbursed through the sponsor as much as possible.

An additional safety monitoring especially for the infection, is recommended to all participants, even if they no longer use research products, such as withdrawal from study treatment (29). For those who have been infected by COVID-19, the clinical study should be suspended because direct and indirect influence of virus is unclear, although a case of male lung cancer receiving investigational anti-PD-1 antibody in our center, infected by COVID-19 in community, has similar recovery process about 3 weeks to others. When the quarantine expires, infected participants should be isolated for 8 weeks to evaluate potential adverse effects for a decision of the next interventions strategy in accordance with NHC.



Other Treatment Options

At present, there is not specific suggestion on any other kinds of treatment for cancer patients, such as radiotherapy or ablation treatments. Overall, intensifying palliative care for cancer patients, and good management of common symptoms based on different grades, such as pain, dyspnea, nausea, vomiting, and fatigue can improve the quality of patients’ life, even enhancing survival rate (31, 32). Psychological counseling service for patients and their families should be provided by psychotherapists and social workers, if necessary, transferring is necessary to a psychiatrist for further intervention. It is recommended to temporarily defer cancer screening procedures, such as screening mammograms and colonoscopy (16, 21). Of course we can observe several cases of the chest and mammary glands tumors during the screening for COVID-19 pneumonia by CT scan.



MANAGEMENTS OF CANCER PATIENTS RECOVERING FROM COVID-19 INFECTION


Definition of Patients Recovering From COVID-19 Infection (Pneumonia Only)

The definition of recovered cancer patients is, who is healed from new coronary pneumonia contracted with COVID-19, meeting the discharge standards of the New Coronavirus Pneumonia Diagnosis and Treatment Program (Seventh Edition; National Health Commission, China) (12). It should be strictly assessed of clinical symptoms, signs, laboratory, and imaging, as well as detailed diagnosis and treatment summary from designated hospitals. A clear follow-up records of 3–4 weeks is expected after the 2 weeks isolation.



General Requirements for Anti-tumor Therapy for Cancer Patients Recovering From New Coronary Pneumonia

Subject who is appropriately considered to cancer treatment has to have an interval time over 2 weeks after quarantine isolation plus twice negative nucleic acid tests with PS score < 3.

The exclusion criteria follow as: ➀ Resting heart rate > 100 beats/min. Blood pressure is also an exclusion factor with threshold of <90/60 mmHg, >140/90 mmHg, or blood pressure fluctuations exceeding the baseline by 20 mmHg. Significant discomfort such as dizziness and headache and the blood oxygen saturation ≤ 95% are also exclusion indicators. ➁ Subjects are to be excluded with symptoms of cough, expectoration, fever and diarrhea. Further exclusion symptoms include serious dyspnea due to impaired lung function or respiratory muscle weakness with shortness of breath after exercise, physical dysfunction manifested by obvious weakness and muscle aches, mental dysfunction, including anger, anxiety, and depression.

The treatment might include patient with a history of severe or critical type of pneumonia due to conventional comorbidities such as diabetes, hypertension, fractures, or skin inflammation or allergies, but not due to impaired lung function caused by viral infection.



Therapeutic Recommendations and Options

It is recommended to evaluate the risk or benefit for any patient who is recovered from SARS-CoV-2 infection, because the new coronary virus is complicated by many uncertain factors (33). For example, the CDC suggested to closely monitor patients with immune incompetence (34), e.g., administration of immunosuppressive reagents, bone marrow or solid organ transplantation, genetic immune deficiency, poor control for human immunodeficiency virus, etc., because they might reappear to positive nucleic acid tests and most probably continue to shed SARS-CoV-2 virus even after their recovery from a specific infection (9). In addition, SARS-CoV-2 virus enters into the human respiratory epithelial cells dominantly via viral spike protein binding to angiotensin-converting enzyme 2 (ACE2) receptor expressed on cell surface (35). Besides strong expression in type II alveolar cells, ACE2 is also highly expressed in heart tissue, physiopathologically down regulating of the abnormal activation of renin-angiotensin system in the setting of hypertension, congestive heart failure and atherosclerosis. Thus, COVID-19 infection correlates with an increase of incidence and mortality of cardiovascular diseases and it poses an impact on clinical cancer care (36).


Surgery

When surgery is performed for patients recovered from SARS-CoV-2 infection, surgery team should execute completely personal protective equipment, including N95 mask, and powered air-purifying respirator that is specially designed for operation room (37, 38). For patients with thoracic tumor, the timing and type of surgery are principally determined by the severity degree of disease, for example, these conditions can be rescheduled to delay 1–2 months, including ground glass nodules with <50% solid or tumors, solid nodules or lesions <2 cm in greatest dimension, indolent behavior such as carcinoid or slow growth pattern, and asymptomatic and non-bulky thymoma (32). An alternative surgery may be an optimal choice in some cases, for example, superficial esophageal cancer (T1a/b) can be surgically removed by endoscopy. When certain patients are potentially suitable for adjuvant therapy, administration of neoadjuvant therapy should be adopted, e.g., neoadjuvant chemotherapy or stereotactic ablation radiotherapy is feasible to treat patients with lung cancer and lesion diameter equal or less than 5 cm (20, 38).

In more advanced cases, the surgery should be considered to carry out if the survival time of patients is compromised in the next 2–3 months. These include: patients had solid or mainly solid (>50%) of lung cancer with lesions >2 cm in greatest dimension and clinically negative lymph node, or with positive lymph node, esophageal cancer with ≥T1b, no alternative regimen for chest wall tumor with highly potential malignancy, or obtaining stage treatment including mediastinum macroscopy examination, diagnostic VATS for pleural disseminated lesions, or symptomatic mediastinal tumor but not suitable for diagnostic biopsy (39). Robot assisted surgery may reduce not only hospital stay for patients that urgently need complex-oncological-surgery, but also the number of directly exposed medical staff in comparison to open or conventional laparoscopic surgery under COVID-19 circumstances (40).

Surgery should be performed as soon as possible when potentially emergent situation is expected to become progressive in the next few days, including esophageal cancer with perforation but not-sepsis, cancer related infection critical but not septicemia, e.g., cytoreduction for intestinal obstruction or pneumonia caused by tumor, and surgical complications including hemothorax, empyema and titanium plate repairing for infectious disease in patients with stable hemodynamics (38, 41).

Finally, if there are no other limitations, an emergency surgery shall be carried out in the next few hours for esophageal cancer with perforation and septicemia, airway obstruction, cancer related septicemia or heavy bleeding, surgical complications such as active bleeding without effective conservative therapy, airway rupture, anastomotic leakage with sepsis. For patients with other tumor rather than thoracic tumor, the indication of surgery might refer to other patients with non-infection (38, 39, 41, 42).



Chemotherapy

Though it is a difficult option to delay or proceed chemotherapy for the cancer patients who had recovered from COVID-19 infection, we still recommend that adjuvant chemotherapy for potential cure may continue to be administered with a regular dosage. Postponing chemotherapy may lead to disease deterioration and losing opportunity to slow down the cancer development of patients with metastatic diseases due to a missing therapeutic window period (43). However, high-dosage chemotherapy is generally forbidden in this setting, as whether host immune system previously attacked by SARS-CoV-2 can withstand the toxicity from chemotherapy is still a black box. It has been reported that COVID-19 potentially cause damage to many organs in addition to lung, including but not limited to heart, liver, kidney, brain, and even eyes, and cause a variety of complications (44–52) (Table 1). Furthermore, whether the reserved function of vital organs can be restored immediately or not remain elusive. Therefore, the functionality of main organs should be carefully assessed when patients begin to take initial chemotherapy.


TABLE 1. The relationship between complications and outcome of patients with COVID-19.

[image: Table 1]Being a homolog of ACE, ACE2 [SARS-CoV-2 enters into cellular membrane depended on ACE2 and TMPRSS2 (53, 54)] transforms angiotensin II into angiotensin 1–7, and subsequently antagonizes the vasoconstriction that is physiologically regulated by the renin-angiotensin system (55). It is disputed on whether ACE inhibitor (ACEI) and angiotensin receptor blocker (ARB) increase the level of ACE2 or not. Nevertheless, lung injury was successfully alleviated by both recombinant ACE2 and losartan in mouse models (56). Nearly all academic organizations claim that ACEI, ARB, or other RAAS antagonists should not be changed without other purpose, because no evidences available in term of the benefit and risk of these agents (57).

Some drugs that have showed potential cardiac side effects, such as anthracycline, paclitaxel, herceptin, etc., should be withdrawn or postponed in patients with insufficient cardiac function induced by viral myocardial injury (58). Meanwhile, ACE2 showed positive expression in intestinal epithelium cells, vascular endothelium cells and kidney, so SARS-CoV-2 infection can possibly lead to multiple organ dysfunction. For safety reasons, we suggest that platinum should be avoided for patients previously experienced renal dysfunction. More importantly, in some cases, irinotecan, and fluorouracil are considered not safe if patients have suffered from diarrhea because of infection. Collectively, risk-benefit assessment should come first before medical interfering and other details may refer section “Anti-cancer drug therapy.”



Targeted Therapy

A variety of targeted drugs with distinct molecular targets such as TKIs, have been made commercially available. The distinction of adverse reaction may not only depend on the type of reagents/drugs, but the heterogeneity of patient population (59). We are particularly concerned about cardiovascular, pulmonary and gastrointestinal side effects, as the toxicity profile is clearly overlapped with viral pneumonia (44, 47, 52, 60).


Adverse effects of cardiovascular system

Cardiovascular adverse effects are usually reversible after discontinuation, but not always. These adverse effects include left ventricle (LV) dysfunction with or without symptoms, conduction abnormalities/arrhythmias, arterial hypertension, and thromboembolism. It is important to understand the side effects of these drugs (61).


LV dysfunction

The most common drugs linked to this side effect are HER-2 inhibitors, such as trastuzumab and patozumab. It has been proved that combination of these two drugs does not result in a significant increase in cardiac side effects. Lapatinib is an orally dual EGFR/HER2 TKI that induce both asymptomatic and symptomatic heart events. Other kinase inhibitors are also responsible for myocardial injury, e.g., ALK, FGFR4, MEK1, and MEK2 (62).



Hypertension

Hypertension is a classic on-target side effect related to inhibitors involving VEGF pathway, such as bevacizumab, aflibercept, and VEGFR multikinase inhibitors including sorafenib, sunitinib, regofinib, apatinib, and arotinib. Although SARS-CoV-2 binds to ACE2, no evidence indicates that it is necessary to replace drug against hypertension during the epidemic period of COVID-19. In contrast, postural hypotension resulting from thalidomide and bortezomib is a manifestation of autonomic nervous dysfunction and part of drug-induced neurological diseases (59, 61, 62).



Abnormal conduction

Sinus bradycardia is a known adverse effect of thalidomide. Moreover, 19% of patients receiving crizotinib suffered from sinus bradycardia. Other kinase inhibitors, such as sunitinib, sorafenib, pazopanib, vandetanib, nilotinib, dasatinib, vemurafenib, and histone deacetylase inhibitors including romidepsin, panobinostat, show an abnormal cardiac conduction too (60, 62, 63).



Bleeding and thromboembolism events

The increasing risk of arterial ischemia/thromboembolism (ATE) rather than venous thromboembolism (VTE) correlated with VEGF pathway inhibitors, such as sorafenib, sunitinib as well as the combination of bevacizumab and chemotherapy. Thalidomide and its analog exhibited significant increase in the risk of VTE with combination to other drugs such as dexamethasone or adriamycin (64).



Adverse effects of pulmonary

The incidence of drug-induced non-infective pneumonia/interstitial lung disease (ILD), which particularly intimidated to us, including asymptomatic X-ray manifestation, non-specific inflammatory infiltration and even fatal cases, was 0.1–15% with malignant disease after administration of novel antitumor targeted drugs (59, 65). Lung toxicity is particularly common for mTOR inhibitors (66). In most cases, cough and dyspnea with or without fever are frequent symptoms. In general, pneumonia occurs at the first 6 months of treatment and can be detected as early as 2 months after treatment by X-ray examination. CT scanning presents distinct manifestations from the most common diffuse patchy ground glass lesion to traditional drug-induced ILD, similar to acute interstitial pneumonia, and acute respiratory distress syndrome. It has been reported that pan-PI3K inhibitors, EGFR inhibitors or monoclonal antibody drugs were closely linked to ILD. Bortezomib, thalidomide and its analog, imatinib, MET inhibitors including crizotinib and tivantinib, HSP inhibitors (e.g., 17DMAG) were reported to show drug-induced ILD, too. Pleural effusion occurred in 16% to 54% of patients treated with dasatinib, and another rare toxicity for BCR/ABL inhibitors was pulmonary arterial hypertension (60, 67).



Adverse effects of gastrointestinal/hepatobiliary

Diarrhea related inhibition of Notch signaling can be triggered by application of EGFR/Raf/MEK pathway inhibitors, VEGFR, and ABL multikinase inhibitors, and PI3K/Akt/mTOR pathway inhibitors. Treatment should be carried out immediately to avoid life-threatening dehydration resulted from further uncontrolled diarrhea. The treatment includes active administration of antidiarrheal/anti-peristaltic agents such as loperamide or diphenoxylate and atropine. Isolated hyperbilirubinemia, which depends on the unconjugated proportion, can be a potential side effect of small molecular TKIs such as erlotinib, sorafenib, regofinib, pazopanib, and nilotinib. Therefore, it is especially crucial to strict monitoring during the whole patient care (60, 68, 69).

Consequently, we suggest targeted therapy might be regularly used for rehabilitation patient. However, the rational arrangement of anticancer targeted drugs is extremely important, as the predominant trepidation is potential incomplete restoration or/and long-term influence from immune memory (70). Anyway, toxicities of vital organs especially pulmonary have to be closely monitored, although the incidence is not common (details in section “Monitoring of adverse effects”).



Immunotherapy

The wide range of immune-related adverse effects associated with immunotherapy which induces an unexpected activation of cytotoxic T cells may injure almost all of organs. Besides, impact of immune-related adverse events (irAEs) show notable disparity among different agents, regimens and schedule. Toxic effects seem to be more serious in anti–CTLA-4 than that of anti- PD-1/PD-L1 monotherapy, while multiple concurrent irAEs are more common in combination therapy than in monotherapy. Accurately, single ipilimumab caused colitis/diarrhea in predominant cases (70%), but hepatitis (16%), and pneumonitis (8%) in smaller proportions. Anti–PD-1/PD-L1 monotherapy, by contrast, has a wide distribution of fatal irAEs including pneumonitis (35%), hepatitis (22%), colitis (17%), neurologic events (15%), and myocarditis (8%). Mortality in combination therapy are most often owing to colitis (37%), myocarditis (25%), hepatitis (22%), pneumonitis (14%), and myositis (13%). Myositis and myocarditis frequently co-occur (71–73).

Due to lack of prospective trials targeting irAEs treatment, clinical information is only obtained from small series of studies, case reports and expert opinions. Current guidelines recommend a step-by-step approach, starting with high-dose steroids in the first instance and then increasing immunosuppressive agents as needed (74). However, rapid immunosuppression is a prioritized option because it is presumed with immediate efficacy for ICI-related myocarditis with fulminant clinical presentation, and the higher associated morbidity and mortality rate. Biomarker-based approaches to dose immunosuppressants are under study and will probably help make therapeutic decisions. For patients with predominant T-cell infiltrate, the preferably approach is anti-IL-6, and if it is not available, anti-IL-1 receptor, anti-IL-12, and anti-IL-23 blockade are also acceptable (75).

In case of B-cell and plasma cell infiltration, anti-B-cell might be an optimal strategy such as blockade by anti-CD20 and anti-B-cell activating antibodies (76). When infiltrate is dominated by neutrophilic and monocytic with or without granulomas, targeted anti-TNFα strategy is the best option. Calcineurin inhibitors and mycophenolate mofetil have significant inhibitory effects on T cell responses. However, it should be avoided in patients with immunogenic tumors, especially in the hope of likely full recovery (77).

The inflammatory response to SARS-CoV-2 infection is thought to underpin COVID-19 pathogenesis through inflammatory protein expression and different T cell subpopulation (78). Therefore, it should be pointed out that immune insufficiency or misdirection may increase viral replication and make tissue damage. In contrast, overactive immune responses may induce immunopathological conditions (79). Which one in such dichotomous mechanisms is important to COVID-19 pathogenesis, remains unknown. All clinical immunological studies thus far have analyzed blood samples collected over a range only from the period of illness onset to rehabilitation. In severe cases, a contradiction phenomenon appears because it exists both immune function impairment and over activation, which was shown in a study. Of 452 patients with COVID-19 recruited in Wuhan, 286 were diagnosed as severe infection, who tended to have lower counts of lymphocytes, higher leukocytes and neutrophil-lymphocyte-ratio. In most of severe cases, infection-related biomarkers and inflammatory cytokines elevated including TNF-α,IL-2R, and IL-6 (80). On the other hand, the number of T cells significantly decreased including helper T cells, Treg cell and memory T-cell, and it is more obvious in severe cases with COVID-19.

Finally, not every patient can generate antibodies or sufficiently effective antibodies against COVID-19 (81). Moreover, the data shown antibody against MERS-CoV could not protect infection with a pseudovirus bearing bat MERSr-CoV (82). Although the possibility of reactivation of the virus is rare in the recovered patients (83), the specific time window and mechanism of recurrence are also unclear still now. Consequently, we are perspicaciously concerned whether the virus can integrate into the host genome like other virus, such as HBV (Hepatitis B virus), EBV (Epstein-Barr virus), HSV (Herpes simplex virus), and HPV (Human papillomavirus), which chronically remain in the host even without symptoms, as no study to confirm until now. Moreover, increasing evidence shows that SARS-CoV2 has neuroinvasive potential apart from the respiratory tract damage (84) like HSV neurotrophic characteristic. Most importantly, the pneumonia induced by immunotherapy is highly prevalent (10–19%) (85, 86). Moreover, its CT manifestations characterized by peripheral distribution, traction bronchiectasis, reticular opacities, ground glass opacities, centrilobular nodularity, and honeycombing, are highly similar to viral pneumonia, which are difficult to distinguish in general clinic especially for those with asymptomatic infection (Figure 2) (87–89).
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FIGURE 2. CT scan of patients contracted with ICI-pneumonitis (A) and viral pneumonitis [(B) (90) and (C)], respectively. (A) Female, 71 years old, advanced lung adenocarcinoma receiving immunotherapy for 8 months in our cancer hospital (C) Female, 62 years old, advanced lung adenocarcinoma, receiving chemotherapy in our cancer hospital.


It is reported that anti-tumor treatment including chemotherapy and immunotherapy could be performed after complete recovery and a 2-weeks medical observation for confirmed or suspected coronavirus patient (91). However, we suggest to suspend systemic immunotherapy during the 8 weeks of immediate recovery period is a suitable choice (details in Figure 3) (92). But, any decisions to postpone, discontinue or modification of the immunotherapy should be individualized in accordance with the overall assessments of treatment benefits exceeding the risks of cancer progression and side effect. There was one patient of lung cancer recovering from COVID-19 infection (pneumonia only) in our hospital, who had received ICI for more than 12 months before the infection. According to our recommendation, continued immunotherapy was given after 8 weeks of follow-up, while his IgG antibody was still positive. No side effects of immunotherapy appear and the novel coronavirus pneumonia don’t not relapse at present.
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FIGURE 3. Conceptual flow diagram for prioritizing systemic immunotherapy for cancer patients recovered from COVID-19 infection.




Combined Therapy

In our opinion, the chemotherapy can be combined with targeted therapy after evaluation of risk and benefit, as long as toxicity spectrum composed of different drugs did not overlap and dodge the disorders of SARS-CoV2. A paradigm is that anthracycline plus HER-2 antibody or platinum plus anti VEGFR agents should be separately applied for heart or kidney damage by COVID-19. The combination of two targeted drugs such as rituximab combing lenalidomide is not recommended to take in the 8 weeks of immediate recovery period, as it is difficult to predict the side effects in special subpopulation, although their combination is safe in general cancer patients. Typical side effects form traditional Chinese medicine should also consider. Similarly, it is also recommended not to select combination strategy containing systematic immunotherapy, including immune-checkpoint inhibitors, CAR-T cell, and cytokine therapy.



Endocrine Therapy

The side effects of endocrine therapy in cancer treatment are usually mild, however, 65% patients treated with palbociclib showed a grade of 3–4 neutropenia, of which, 34% patients need less dosage. While 4% patients who received palbociclib combined with fulvestrant discontinued the treatment due to adverse events (93, 94). Therefore, it is very important to closely monitor adverse events.



Radiation Therapy

Radiation therapy for thoracic tumor is a great challenge to radiation oncologists who should inform the possibility of harm or injury to patients. Radiotherapy kills cancer cells, but it also leads to obvious lung fibrosis in radiation field and triggers the release of inflammatory factors. Other adverse effects include increasing the infiltration of immune cells to tumor, reshaping the tumor immune microenvironment and motivating abscopal effect (95, 96). Based on the CT data of 90 non-cancer patients, after a median of 16 days of treatment, only 4 of the 70 patients discharged from the hospital showed complete disappearance of lung abnormalities on the last CT scan, which was 2 days before discharge. Residual lesions were present in the other 66 patients, mainly showing abnormally opaque ground glass, or irregular lines and interfaces (97).

Therefore, firstly, we suggest hypofractionated radiotherapy may be more appropriate for the sake of time saving and normal tissue protection, such as left-sided breast RT using 28.5–6 Gy in 5 fractions with deep inspiration breath hold over 1–2 weeks might also be considered for selected patients (98, 99). However, conventionally fractionated daily radiotherapy has been also shown to increase the local expansion of pre-existing T-cell clones and diversification of the T-cell receptor repertoire, so the optimal radiotherapy dose and fractionation to invigorate the immune response remains unknown (100), especially for thoracic cancer patients with lung disorders of SARS-CoV2.

Secondly, if possible, palliative care with similar effects to radiotherapy should be in the top priority but not radiation therapy. Thirdly, the interval time from complete resolution of pulmonary inflammation should be at least 4 weeks for thoracic rather other anatomic sites. Fourthly, for thoracic irradiation, all image data must be examined during pneumonia period for better designing a detailed radiotherapy plan. Planned Radiation fields involving heart should be established based on the cardiac function during the infection and recovery period. At last, for patients without emergency situations, i.e., adjuvant radiotherapy for breast cancer patients, radical radiotherapy for low-moderate risk prostate cancer, it is suggested to postpone the radiotherapy (21, 98). In addition, we suggest that special radiotherapy room and equipment for these patients should be arranged to eliminate the anxious sentiment of the general cancer patients.



Monitoring of Adverse Effects


Monitoring of the Novel Coronavirus Pneumonia

It is indispensable to differentiate the pneumonia from viral infection and drug side effects. Firstly, SARS-CoV-2 nucleic acid, and serum antibody detection should be tested every week for patients in rehabilitation. Secondly, the chest CT should be examined every month. Fortunately, we found TKIs-induced pneumonia with bilateral distribution of diffuse ground-glass opacities (101) is easier to distinguish from SARS-CoV-2 pneumonia (Figure 4), compared to ICIs-induced pneumonia, however, the differential diagnosis for atypical cases are still difficult which requires the assistance from MDT team. Thirdly, we should also be alert to the contingency that organic injuries from viral recurrence and anti-tumor treatment occur simultaneously. If there is recurrence suspect of the novel coronavirus pneumonia, it has to be immediately reported to the medical administration department according to the relevant administration protocol (9, 12). Patients in clinical trials are recommended to systematically review under GCP guidance.
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FIGURE 4. Typical CT of TKIs-pneumonitis (A) and viral pneumonitis (B) A: Female, 65 years old, advanced lung adenocarcinoma, TKI after 3 months in our cancer hospital B: Female, 42 years old, outpatient CT scanning for cough in our cancer hospital.




Monitoring of Adverse Effects of Antitumor Treatment

Routine blood cell analysis and biochemical tests (at least including enzymes indicated myocardial injury) are performed once a week in the first 4 weeks and then every other week for the next 4 weeks. These tests are highly recommended for patients who have a history of immunotherapy or myocardial injury. Some other tests, such as ECG, urination analysis, infectious causes, procalcitonin, tumor markers, cardiac function assessment, and chest CT, are performed as needed.



ETHICAL CONSIDERATIONS

It is necessary to sign informed consent for all patients. Moreover, for patients recovered from COVID-19 infection, special document named as informed consent of anti-tumor therapy for the cancer patient recovered from novel coronavirus pneumonia which comprehensively states the probability of previously unforeseen harm and financial lose, should also be signed. Patients are advised to consult their families or guardians, as well as lawyers, about the risks and benefits of the treatment. We oppose repeatedly and inappropriate screening for COVID-19 infection due to excessive stress and apprehension, which lead to therapy discontinuing and cost increasing, especially for patients with poor economic or carcinoma conditions.

The prognoses are often poor for advanced cancer patients even assisted with mechanical ventilation. Clinicians should discuss hospice and palliative care with patients and their families. During the period of novel coronavirus pneumonia outbreak, medical equipment is in severe shortage. Due to the limited medical resources, oncologists must also carefully consider the most effective treatment and minimal cost to the patients who may benefit the most to relieve symptoms or save lives (102).

In the end, the risk of viral infection should be minimized and the benefit of anti-tumor should be maximized through planned surgery, reasonable chemotherapy, targeted therapy, radiotherapy and immunotherapy for cancer patient during COVID-19 outbreak. Each decision for patient has to be based on individualized risk/benefit assessment under a graded-framework for prioritizing cancer care (20, 103–105). This precautionary principle in decision making will help cancer patients get through the viral pandemic smoothly and safely.
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Disclaimer: Recommendations herein are not the mandatory standard care as the information is not comprehensive and continually updated for cancer patients during SARS-CoV-2 pandemic. Therefore, clinicians should carry out clinical practice to treat individual patients based on availability of medical resources. In addition, this guideline assumes no responsibility for any injury to relevant personnel or damage of property due to following of this information. The strategies outlined in this consensus are not intended to substitute the independent professional judgment as unique understanding of COVID-19 risk in different countries, hospitals, and healthcare environments in the pandemic stage.
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Complications Results

All(N =102) Non-survivors(N = 17) Survivors(N = 85)
Cao et al. (46)* Shock 10(9.8) 7(41.1) 3(3.5)
ARDS 20(19.6) 15(88.2) 5(5.9)
Acute infection 17(16.7) 14(82.4) 3(3.5)
Acute cardiac injury 15(14.7) 2(70.6) 3(3.5)
Arrhythmia 18(17.6) 2(70.6) 6(7.1)
Acute kidney injury 20(19.6) 5(88.2) 5(5.9)
Acute liver injury 34(33.3) 13(76.5) 21(24.7)
Lymphopenia 78(76.5) 17(100.0) 61(71.8)
Wang et al. (47)* AN = 138) Non-ICU(N = 102) ICU(N = 36)
Shock 12(8.7) 11(30.6) 1(1.0)
Acute cardiac injury 10(7.2) 8(22.2) 2(2.0)
Arrhythmia 23(16.7) 16(44.4) 7(6.9)
ARDS 27(19.6) 22(61.1) 5(4.9)
AKI 5(3.6) 3(8.3) 2(2.0)
AllN = 1099) Non-severe(N = 926) Severe(N = 173)
Guan et al. (48)* Septic shock 12(1.1) 1(0.1) 11(6.4)
Acute respiratory distress syndrome 37(3.4) 10(1.1) 27(15.6)
Acute kidney injury 6(0.5) 1(0.1) 5(2.9)
Disseminated intravascular coagulation 1(0.1) 0 1(0.6)
Rhabdomyolysis 2(0.2) 2(0.2) 0
Physician-diagnosed pneumonia 972/1067(91.1) 800/894(89.5) 172/173(99.4)
Zhou et al. (49) AN = 191) Non-survivors(N = 54) Survivors(N = 137)
Sepsis 112(59%) 54(100%) 58(42%)
Respiratory failure 103(54%) 53(98%) 50(36%)
ARDS 59(31%) 50(93%) 9(7%)
Heart failure 44(23%) 28(52%) 16(12%)
Septic shock 38(20%) 38(70%) 0
Coagulopathy 37(19%) 27(50%) 10(7%)
Acute cardiac injury 33(17%) 32(59%) 1(1%)
Acute kidney injury 28(15%) 27(50%) 1(1%)
Secondary infection 28(15%) 27(50%) 1(1%)
Hypoproteinemia 22(12%) 20(37%) 2(1%)
Acidosis 17(9%) 16(30%) 1(1%)
Huang et al. (50)* AllN = 41) ICUn =13) No ICU care(n = 28)
Acute respiratory distress syndrome 12(29%) 11(85%) 1(4%)
RNAaemia 6(15%) 2(15%) 4(14%)
Cycle threshold of RNAaemia 35.1(34.7-35.1) 35.3(35.1-35.1) 34.8(34.1-35.4)
Acute cardiac injury 5(12%) 4(81%) 1(4%)
Acute kidney injury 3(7%) 3(23%) 0
Secondary infection 4(10%) 4(31%) 0
Shock 3(7%) 3(23%) 0
Chen et al. (51)* AN = 33/99)
ARDS 17(17%)
Acute renal injury 3(3%)
Acute respiratory injury 8(8%)
Septic shock 4(4%)
Ventilator-associated pneumonia 1(1%)

*Reported complications and outcome of patients with COVID-19 from some important studies.





