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Background: Cancer patients may carry a worse prognosis with SARS-CoV-2 infection. Most of the previous studies described the outcomes of hospitalized cancer patients. We aimed to study the clinical factors differentiating patients requiring hospital care vs. home recovery, and the trajectory of their anti-cancer treatment.

Methods: This study was conducted in a community cancer center in New York City. Eligible patients were those who had cancer history and were diagnosed of SARS-CoV-2 infection between March 1 and May 30, 2020, with confirmatory SARs-CoV-2 virus test or antibody test. Four groups were constructed: (A) hospitalized and survived, (B) hospitalized requiring intubation and/or deceased, (C) non-hospitalized, asymptomatic, with suspicious CT image findings, close exposure, or positive antibody test, and (D) non-hospitalized and symptomatic.

Results: One hundred and six patients were included in the analysis. Thirty-five patients (33.0%) required hospitalization and 13 (12.3%) died. Thirty (28.3%) patients were asymptomatic and 41 (38.7%) were symptomatic and recovered at home. Comparing to patients who recovered at home, hospitalized patients were composed of older patients (median age 71 vs. 63 years old, p = 0.000299), more who received negative impact treatment (62.9 vs. 32.4%, p = 0.0036) that mostly represented myelosuppressive chemotherapy (45.7 vs. 23.9%, p = 0.0275), and more patients with poorer baseline performance status (PS ≥ 2 25.7 vs. 2.8%, p = 0.0007). Hypoxemia (35% in group A vs. 73.3% in group B, p = 0.0271) at presentation was significant to predict mortality in hospitalized patients. The median cumulative hospital stay for discharged patients was 16 days (range 5–60). The median duration of persistent positivity of SARS-CoV-2 RNA was 28 days (range 10–86). About 52.9% of patients who survived hospitalization and required anti-cancer treatment reinitiated therapy. Ninety-two percent of the asymptomatic patients and 51.7% of the symptomatic patients who recovered at home continued treatment on schedule and almost all reinitiated treatment after recovery.

Conclusions: Cancer patients may have a more severe status of SARS-CoV-2 infection after receiving myelosuppressive chemotherapy. Avoidance should be considered in older patients with poor performance status. More than two thirds of patients exhibit minimal to moderate symptoms, and many of them can continue or restart their anti-cancer treatment upon recovery.
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INTRODUCTION

The unprecedented COVID-19 pandemic has presented a public health challenge globally. As of May 31, 2020, 1,778,515 confirmed cases and 104,051 deaths were reported in the US (1). Patients with advanced age and comorbidities appeared to have poorer outcomes with the SARS-CoV-2 infection (2, 3). Cancer patients, as a group, also showed higher fatality rates (2–5). Presumably, factors such as the presence or absence of disease, recent therapy with possible myelosuppressive or immunosuppressive potentials, and types of cancer may play important roles in influencing their outcomes. Most of the previous studies concentrated on the examination of patients who developed severe symptoms and required hospitalization.

In this registry study, we analyzed clinical factors including presence of disease, cancer-related treatment, interval between cancer treatments to clinical diagnosis of SARS-CoV-2 infection or admission, baseline performance status, and immune status of all patients, and compared these frequencies between hospitalized patients and non-hospitalized patients. We hypothesized that anti-cancer treatments with potential negative impact to the immune system and the interval between its administration and the onset of COVID-19 symptoms may be critical. We defined this category of therapy to include myelosuppressive, immunosuppressive, and immune modulating agents. We also evaluated time kinetics of virus clearance and time kinetics of re-initiation of anti-cancer treatment. We further followed the trajectory of recovery of the patients and studied the time course of persistent positivity of SARS-CoV-2 RNA.



METHODS

This was a prospective observational registry study established in March 2020 and approved by Institutional Review Board (IRB). Patients were eligible if they had a confirmed or suspicious diagnosis of SARS-CoV-2 infection between March 1, 2020 and June 15, 2020, as well as active cancer history. Two cohorts of patients were enrolled. In cohort 1, patients were identified by health care providers between March and May of 2020 when they presented with suspicious COVID-19 symptoms, or had a known close contact to a known COVID-19 case, or suspicious radiological findings on CT or X-rays performed for the purpose of their cancer staging. A suspicious radiographic reading was defined as “peripheral ground-grass opacities,” possibly compatible with SARS-CoV-2 infection. As COVID-19 reverse transcriptase-polymerase chain reaction (RT-PCR) tests were only offered to patients who met the hospitalization criteria (usually hypoxemia with oxygen saturation <92% at room air), some patients did not get RT-PCR test at the time of suspicion, and were then followed up and offered COVID-19 antibody tests when it became available starting May 2020. Only those who had confirmed SARS-CoV-2 diagnosis, defined by positive COVID-19 RT-PCR or positive COVID-19 antibody test were included in the main analysis. One exception was a patient who died quickly in the hospital and did not have an opportunity for testing but carried highest clinical suspicion. In cohort 2, patients were retrospectively identified through electronic medical records by their positive COVID-19 RT-PCR test, positive point of care virus test, or positive COVID-19 antibody test, which were performed between May 20 and June 30, 2020. Medical records were reviewed for documentation of symptoms, treatment history, laboratory and radiological findings, and admission records. For the patients in cohort 2, if the COVID-19 related symptoms were not documented in the medical records, health care providers conducted interviews by phone-calls to help patients to recall their symptoms potentially associated with their past SARS-CoV-2 infection, and to get contact history.

Nasopharyngeal swabs were collected and tested for SARS-CoV-2 RNA with RT-PCR assay using the XPERT XPRESS SARS-COV-2 test kit in our hospital laboratory. Nasopharyngeal swabs were also collected for the molecular point-of-care test for SARS-CoV-2 virus detection using Abbott ID NOW™ kit. Antibody tests (IgG and IgM) were sent out and tested at Lenco Diagnostics Laboratory, Brooklyn, NY. The data entry cut off was 7/1/2020.


Study Group Definition

Patients in cohort 1 and 2 were combined and divided into 4 groups. Group A patients were hospitalized with no intubation events, discharged, and survived. Group B patients were hospitalized and required intubation or hospitalized and were deceased. Group C patients were asymptomatic who were tested for a suspicious CT scan result, had a history of close exposure to a known case, or did not recall any symptoms after showing presence of positive COVID-19 Ig G or Ig M antibodies. Group D patients exhibited symptoms consistent with SARS-CoV-2 infection, though these symptoms were not severe enough for hospital admission.



Definition of Performance Status and Baseline Immune Status

The performance status scale (PS) was based on Eastern Cooperative Oncology Group (ECOG) scale. PS 0: fully active, no performance restrictions; PS1: restricted in strenuous physical activity, fully ambulatory and able to carry out light work; PS2: Capable of all self-care but unable to carry out any work activities, up and about >50% of waking hours; PS3: Capable of only limited self-care, confined to bed or chair >50% of the waking hours. PS4: Completely disabled, cannot carry out any self-care; totally confined to bed or chair (6).

The baseline immune status was estimated by taking lab results performed in February 2020 or prior, including absolute neutrophil count, absolute lymphocyte count, and albumin level. Any abnormal value among the three tests, defined as lower than the lower limit of the normal range, was considered abnormal.



Treatment Category Definition

Myelosuppressive regimens included all routine chemotherapy drugs. Exceptions include therapeutic antibodies (trastuzumab, bevacizumab), oral targeted therapies (erlotinib, osimertinib), and hormonal treatments (luteinizing hormone releasing hormone (LHRH) agonists, fulvestrant, tamoxifen, and aromatase inhibitors). Immunosuppressive drugs included rituximab, lenalidomide, high dose steroids, and daratumumab. Immune modulating agents included the immune checkpoint inhibitors that target PD-1 (programmed cell death protein 1) or PD-L1, such as pembrolizumab, nivolumab, and durvalumab. Negative impact treatment denotes treatments with potential negative impact on the immune system (any regimens in the myelosuppressive, immunosuppressive, or immune modulating categories).



Definition of Treatment Duration

The start of any anti-cancer treatment until the day of diagnosis of SARS-CoV-2 infection. If there was a treatment break of more than 3 months, then the treatment before the break was not counted. If the continuation of treatment included hormonal or non-myelosuppressive treatment followed by treatment with negative impact, then the start day of treatment with negative impact treatment was chosen for the start day.



Sampling Frequency Study of the Time Kinetics of Persistent SARS-CoV-2 Virus Status

Patients were screened for whether or not a repeat COVID-19 RT-PCR test were performed. Most of those tests were done at unplanned intervals mainly to get a negative result to qualify patients to resume anti-cancer treatment. The days between the initial positive test and the last positive test was defined as “positive duration.”



Statistical Analysis

We first compared the clinical features of hospitalized patients (Group A vs. B). Next, we compared the clinical features of the hospitalized patients to at-home patients (Group A + B vs. Group C + D). Wilcoxon rank sum test or Student's t-test were used to compare continuous data. Fisher's exact test was performed for the categorical variables. Next, we assessed risk factors for hospitalization—a more severe status of SARS-CoV-2 infection. We conducted multivariate analyses by utilizing logistic regression with the inclusion of variables significant in univariate analysis. The multivariate logistic model was built from a two-sided stepwise regression based on the Akaike Information Criterion (AIC). AIC is an estimator of out-of-sample prediction error and thereby relative quality of statistical models for a given set of data. Given a collection of models for the data, AIC estimates the quality of each model, relative to each of the other models. Thus, AIC provides a means for model selection.

Odds ratios for a more severe status of SARS-CoV-2 infection were calculated via logistic regression. Two-sided significance level 0.05 was used. All statistical analyses were done using R (version 3.5.3; The R Foundation).




RESULTS


Patient Demographics

Out of the 100 cases with clinical suspicious diagnosis of SARS-CoV-2 infection which were reported to the study team between March and May 2020, 65 patients were included in cohort 1 of this analysis (Figure 1). Out of the 55 patients identified retrospectively by electronic medical records, 41 were included in the analysis (Figure 1). For all of the 106 eligible patients, the median age was 65 years old (range 31–94). There was female predominance (69.8%), and 44.3% were Caucasian (Table 1). The female predominance was present in all 4 groups and was numerically highest in group D (Table 2). Ninety-five (89.6%) patients had solid tumors, with the most common being breast cancer (36.8% of total). Forty-seven (44.3%) patients had no evidence of disease (NED). Fifty-nine patients (55.7%) had presence of tumor, either localized (17.9%) or metastatic (37.7%). Seventy-eight (73.6%) patients were receiving active treatment within 3 months of diagnosis, and 45 (42.5%) were receiving negative impact treatment. Thirty-six (34.0%) who were receiving negative impact treatment received last dose of therapy within 30 days of SARS-CoV-2 diagnosis. Thirty-five (33.0%) patients were hospitalized and the remainder recovered at home (Table 1). The detailed breakdowns of the demographic and clinical characteristics in the four groups are listed in Table 2.


[image: Figure 1]
FIGURE 1. Flow chart of patient selection.



Table 1. Patient demographics and disease characteristics.
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Table 2. Clinical characteristics of patients divided by groups of severity of SARS-CoV-2 infection.
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Clinical Features of the Hospitalized Patients

Thirty-five patients required hospitalization. Twenty patients did not require intubation and survived (group A). Among 15 patients in group B, 7 required intubation and 13 were deceased. The intubation rate was 46.7% and only 1 intubated patient survived (14.3%). Two patients died at a second admission, and 1 died in a rehabilitation center after discharge. The case fatality rate based on the hospitalized patients was 37.1 % (13 out of 35) and 12.3 % (13 out of 106) based on all cases.

The tumor and treatment characteristics of those patients in group B are shown in Table 3. The tumor types were breast (n = 5), lung (n = 3), lymphoma (n = 2), GYN (n = 2), GI (n = 2), and 1 case of unknown primary. Twelve patients received any type of anti-cancer treatment within 3 months, while 6 (40%) received negative impact chemotherapy ≤ 14 days. Most patients had advanced cancer (n = 12), while three patients had no evidence of disease (NED). Of note, 13 of the 15 patients in group B had 2 or more comorbidities.


Table 3. Clinical characteristics of patients in group B, hospitalized and diseased or requiring intubation.

[image: Table 3]

At the time of admission, excluding those who were admitted to outside hospitals with incomplete information, 7 (35%) and 11 (73.3%) patients in group A and B had hypoxemia (room air oxygen saturation <92%) (Table 4). Fourteen patients in group A also met other criteria for admission: anemia with or without bleeding from the gastrointestinal tract requiring transfusion, neutropenia with or without fever, mental status changes, or syncope with a burn (Table 4). Three patients in groups A were admitted for other reasons and had incidental findings of positive SARS-CoV-2 infection (Table 4 legend). All admitted patients in group B with available medical records showed respiratory compromise. More than 50% of patients in group A (n = 11) required oxygen supplement during the hospital course, and most patients in group B progressed with worsening respiratory status, with 7 requiring mechanical ventilation, all for respiratory failure (Table 4). A number of patients also developed other complications including renal insufficiency, liver function abnormalities, venous or arterial thrombosis and sepsis (Table 4). Lymphopenia, elevation of LDH, and elevation of D-Dimer were very common (Table 4).


Table 4. Presentation and admission criteria for admitted patients, as well as their hospital course and complications.

[image: Table 4]

In comparing the clinical characteristics to differentiate patients in group A from group B, there were no statistical differences in age, active cancer status, treatment status, number of comorbidities, whether chemotherapy with negative impact had been given or not, or given within 30 days (Table 2). There was no statistical difference between group A and B in terms of the duration of any treatment or the duration of treatment with negative impact agents prior to the diagnosis of SARS-CoV-2 infection (Table 2). The difference in the percentage of 2 or more comorbidities between group A and B was not statistically significant (Table 2). However, hypoxemia at presentation was significantly more common in group B than in group A (p = 0.0271), suggesting that a respiratory compromise at presentation was an important adverse predictive factor for poor survival.

We examined the hospital admission days for all the patients who were admitted and discharged (group A + 2 patients from group B) (Figure 2). The median duration of days for their first admission was 10, ranging between 5 and 60 days. Five patients (27.8%) had a second admission, while 2 of the 5 patients then had a third admission. The next admission dates were 1–27 days from the last discharge, with a median of 5 days. The median duration of cumulative hospitalized days (including all admissions) was 16 with a range of 5–60 days.


[image: Figure 2]
FIGURE 2. Admission days for hospitalized and discharged patients.




Characteristics of Patients Under Home Isolation

The right side of Table 2 shows the clinical characteristics of patients in groups C and D. There were 30 patients in group C (6 due to suspicious surveillance CT scan, 3 due to history of close exposure and 21 due to retrospective identification with positive COVID-19 antibody test). Those patients did not show detectable symptoms during subsequent follow up or retrospective recall. The months of diagnosis was not able to be ascertained in 18 patients, as they were captured by positive COVID-19 antibody tests, but could not recall any previous symptoms or close contact. Group C was noted to have the numerically lowest percentage of patients having presence of disease (46.7%), and the numerically highest percentage of patients in the category of NED + treatment (40%). Group D had 41 patients who had various degrees and constellations of COVID-19 symptoms with subsequent recovery. Although 76.7% and 70.7% patients in group C and D were receiving active treatments, only 20% and 26.8% were receiving myelosuppressive treatments, respectively, and an additional 10 and 4.9% were receiving immunomodulating treatments, respectively; the rest of the patients were receiving endocrine therapy. Although there was a numerical increase in patients taking negative impact treatment in group C vs. group D, it was not statistically significant (p = 0.8002).



Comparison of Clinical Factors Between the Hospitalized Patients and At-Home Recovery Patients

We then compared the clinical characteristics of patients who were hospitalized (groups A + B) to patients who recovered at home (groups C + D) (Table 2). Patients in Groups A + B were older patients (mean age 71 vs. 63 years old, p = 0.000299). There was no difference between groups A + B vs. groups C + D regarding the factors of having active disease, receiving anti-cancer treatment, or both. Receiving negative impact therapies was a distinguishing factor (62.9 vs. 32.4%, p = 0.0036), which was driven mainly by receiving myelosuppressive treatment (45.7 vs. 23.9%, p = 0.0275), while receiving immunosuppressive or immunomodulating treatments did not show difference between groups A + B vs. groups C + D (Table 2). Patients taking negative impact treatment within 30 days of admission was 48.6% in groups A + B and 36.6% in groups C + D, which was also statistically significant (p = 0.017). Groups A + B have significantly more patients harboring 2 or more other comorbidities (74.3 vs. 47.9%, p = 0.0124).

Patients in group C + D had a longer median duration on treatment (11.2 months) than that in group A + B (3.0 months), which was statistically significant, although opposite to the intuitive prediction. Another way of examination by mean + standard deviation (SD) showed similar trend and same p-value. The duration of negative impact treatments between Group A + B vs. group C + D did not show statistical significance.

At a baseline assessment of the performance status (PS) of the patients, patients in groups A + B had more patients with PS of 2 or above than groups C + D, indicating patients who needed hospital care had poorer performance status at baseline. The baseline immune status, taking into account of absolute neutrophil counts, or absolute lymphocyte counts or albumin levels, was similar in all groups.

A multivariate analysis was carried out to explore the most important risk factors that were associated with a more severe form of SARS-CoV-2 infection with hospitalization (group A + B) vs. home recovery (group C + D) (Table 5), we observed that older age (Odds Ratio, OR = 1.01, 95% CI: 1.00–1.02) (p = 0.004) was significant. According to this statistical model, OR>1 indicates more likelihood for hospitalization, and the odds increases by 1% for each additional year of age. Being on active myelosuppressive treatment (OR = 0.78, 95% CI: 0.66–0.93) (p = 0.006) and having a poorer performance status ≥ 2 vs. PS 0–1 (OR = 0.64, 95% CI: 0.49–0.84) (p = 0.002) were significantly associated with a more severe status of infection. Negative impact treatment as a whole, and 2 or more comorbidities, although significant predictors in univariate analysis, were not significant in multivariate analysis.


Table 5. Multivariate logistic regression analysis on risk factors associated with a more severe status of SARS-CoV-2 infection: group A + B (hospitalized patients) vs. group C + D (home recovery patients).
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Time Kinetics of Persistent SARS-CoV-2 Virus Status

Thirteen patients who were discharged home from groups A + B, and 2 patients from group D had a subsequent repeat positive COVID-19 RT-PCR test. The days between the initial positive test and the last positive test was defined as “positive duration.” The median duration for the positive duration was 28 days, with a range of 10–86 days (Figure 3).


[image: Figure 3]
FIGURE 3. Time kinetics in persistent positivity of COVID PCR test.




Re-initiation of Cancer Treatment

The details of patients receiving treatment prior, during and after their SARS-CoV-2 diagnosis are shown in Table 6. Among the 15 patients in group A + B who survived hospital admission and were receiving treatment prior to SARS-CoV-2 infection and the 2 patients waiting to start new treatment, 9 (52.9%) patients started treatment after recovery, with a median delay of 40 days (range 14–75 days). In group C, 22 patients were receiving treatment and 2 were waiting to start treatment, and all of them continued or started treatment as planned during their presumable SARS-CoV-2 infection duration. Two patients were supposed to start adjuvant chemotherapy after surgery, and they had a delayed start. The on-schedule rate was 92.3% (24/26). In group D, 29 patients were on treatment prior to SARS-CoV-2 diagnosis, and 15 continued on schedule, while 13 restarted after a delay, with an on-schedule rate of 51.7%, and continuation rate of 96.6%. The median duration of delay was 17 days (range 6–31) based on cohort 1 group D data only, as the recall data for the duration of symptoms from cohort 2 group D patients was considered inaccurate.


Table 6. Treatment before, during, and re-initiation after SARS-CoV-2 diagnosis.
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DISCUSSION

We report results from a registry study at a community cancer center located in New York City, the epicenter for COVID-19 pandemic in the United States. Among 106 patients who had a confirmed SARS-CoV-2 diagnosis, 33.0% of the patients required hospitalization and the case fatality rate was 37.1% among those hospitalized and 12.3% for the entire cohort. Among the patients who required hospitalization, not having hypoxemia at presentation appeared to be a significant factor for survival. Other than that, we could not identify distinguishing factors such as age, comorbidity, tumor characteristics, or treatment characteristics to predict mortality. However, we did identify multiple factors that were associated with a more severe status of SARS-CoV-2 infection for those who required hospitalization vs. those who recovered at home. These factors were: (1) older age, (2) use of treatments with potential negative impact to immune system, which was represented mainly by patients receiving myelosuppressive therapies, (3) having more than 2 comorbidities, and (4) a baseline poor performance status. Among them, older age, having myelosuppressive chemotherapy, and a baseline poor performance status emerged in multivariate analysis as strong, significant risk factors for a severe form of SARS-CoV-2 infection.

The relationship of cancer and outcome from SARS-CoV-2 infection has been the topic of multiple studies (2, 5, 7–11). The vulnerability of cancer patients to severe SARS-CoV-2 complications and increased mortality is presumably owing to immunosuppression from either the presence of disease and/or the detrimental effects from anti-cancer treatment. The tumor burden may presumably induce secondary decline in metabolism, nutritional status, and even more immunosuppression, which is not well-defined. In that regard, the study from Dai et al. suggested that patients with metastatic disease had the highest frequency of severe events, where the outcome was similar in patients without metastatic disease to patients without cancer history (12). However, multiple published studies generated conflicting results of whether chemotherapy alone stands as a sole negative factor for the severity of the infection. While multicenter studies from China suggested detrimental effects from anti-cancer treatment (2, 12), studies from the COVID-19 and Cancer Consortium (CCC) and MSKCC did not support it (9, 10). Even in multiple myeloma patients, the study from Mount Sinai revealed no bearing of treatment drug exposure (13).

Our observations provide evidence to support the above presumptions and show that treatment with negative impacts therapies resulted in worse outcomes. Importantly, myelosuppressive chemotherapy was clearly a differentiating factor, while immunomudulating therapies (namely immune check-point inhibitors) were not. Our study was unique in multiple ways. We focused on chemotherapies with negative impact instead of on all anti-cancer treatment, as a large portion of these treatments are of endocrine or non-myelosuppressive nature which may not negatively affect a patient's immune defense. While most of the previous studies analyzed data on symptomatic hospitalized patients, we selected our control group to include patients who recovered at home and asymptomatic (group C), or mildly to moderately symptomatic (group D). We demonstrated that treatments with negative impact resulted in worse symptoms leading to hospital care but did not differentiate outcomes leading to death or survival. Age and comorbidity in cancer patients fared as unfavorable factors as well, as depicted in all other published studies for both cancer patients and for the general population. Our study did not show a relationship of metastatic disease with worse outcomes. Performance status is a way to quantify the general well-being and activities of daily living in cancer patients. This measure has been widely used in determination of a patient's eligibility for aggressive chemotherapy. Interestingly, patients in groups A + B had a higher percentage of decreased performance status, suggesting “compromised functional status” as a predictive marker for severe infection as well. Patients in group C + D had a statistically significant longer median duration on treatment (11.2 months) than that in group A + B (3.0 months). Although this observation may be opposite to the intuitive prediction, one could attempt a presumptive hypothesis that the patients in group C + D had undergone a natural selection to be those who had preserved PS to continue treatment for a prolonged time.

Based on the findings in our study, we would recommend consideration of decreasing the exposure to treatments with negative impact on patients who are older, or with compromised functional status and have comorbidities during the height of the COVID-19 pandemic. To address the concerns mentioned above, the medical oncology community has already developed guidelines for treatment modifications and adopted practice-changing strategies. Most of them considered individualized assessment incorporating both disease and treatment factors (14).

The case fatality rate (CFR) in our study was 37.1% among hospitalized patients and 12.3% among all the study population. This is comparable to other studies conducted at New York City, most notably the study from Montefiore Hospital system, which reported a CFR of 28% among mainly hospitalized cancer patients (5). Memorial Sloan Kettering Cancer Center reported CFR of 12% in overall symptomatic cancer patients; considering a reported 40% admission rate, the CFR would be 30.1% among hospitalized/admitted patients (9). Socioeconomic status, racial disparity, timely pursuit of medical care, and access to critical care resources in an overwhelmed community hospital may contribute to the poor outcome of our hospitalized patients, in addition to their medical conditions. On the other hand, the CFR in the general population in the New York City during the same period was 5.2% and 6% from 2 reports (5, 9), much lower than that of the cancer patients. Furthermore, our cancer patients who contracted SARS-CoV-2 infection and required hospital admission had a median cumulative admission of 16 days, while the New York City average was 3.9 days (15). In addition, they required a longer time for virus clearance (median of 28 days), while it was 4–17 days in general population (16, 17). As we defined positive virus interval to be between 2 positive RT-PCR results, this becomes an underestimation of the true virus clearance time. Other studies also reported similar observation of prolonged virus clearance (13, 18). The above results collectively confirmed that cancer patients had a higher risk for more severe events when contracted with SARS-CoV-2 infection.

In this study, we reported for the first time that cancer patients with SARS-CoV-2 infection might exhibit no symptoms. They not only appeared “healthy,” but also actually remained healthy, as many of them were able to receive planned anti-cancer treatment on schedule. This group (group C) is comprised of 28.3% (30/106) of the all patients, with 46.6% of them having presence of tumor and 76.7% of them taking treatment. Likewise, patients with similar characteristics might have mild symptoms who were able to recover at home and almost all resumed planned treatment. It is interesting to note that the asymptomatic carrier rate of 28.3% in cancer patients was moderately lower than the 40% in the public that was reported by the Center of Disease Control (CDC) in July 2020 (19).

We also attempted to give assessment of the patients' immune status at baseline. The function of immune system may be measured by both humoral and cellular immunity. Judging from the routine clinical labs, the immune status may be partially measured by the absolute neutrophil count (ANC) and the absolute lymphocyte count (ALC). The quantitative immunoglobin level is a more direct assessment of the humoral immunity, but it is not routinely tested. With a composite assessment of ANC, ALC, and albumin values taken at a visit prior to COVID-19 pandemic, we noted that about 60–70% patients had all normal labs, and no difference was found among different groups, or between groups A + B vs. C + D. These results suggest that not all patients with cancer and/or on treatment are rendered a status of severe immunosuppression to the point of being unable to fight the coronavirus. In fact, in our previous study on the generation of protective neutralizing antibodies after H1N1 vaccination in 2015, cancer patients' response to vaccination was as good as the healthy controls (20). Similarly, in the patient cohort of multiple myeloma at Mount Sinai hospital, a majority of the patients also mounted anti-COVID-19 antibodies (13). Furthermore, 52.9% of patients (groups A + B) who required hospital admission and 96.6% of patients who had mild symptoms (group D) were able to start or restart anti-cancer treatment after a hiatus. This observation demonstrated the proportion and degree of complete recovery of cancer patients from SARS-CoV-2 infection, albeit with a longer time course.

The strength of this study is the inclusion and analysis of the characteristics of asymptomatic patients. Some of those rose to attention due to suspicious CT findings or a history of close exposure; and a large portion was discovered with antibody screening in late May and June. This part of the study cohort is not covered in most of the published studies (2, 5, 8, 9, 13). This research methodology enabled us to have a glimpse of the base of the pyramid, to those who had cancer and mild symptoms and to examine their cancer burden and treatment status. The inclusion of cohort 2, with consecutive patients identified by electronic medical records for positive COVID-19 antibody tests, also significantly reduced a selection bias of not encompassing all patients who recovered at home with no or mild symptoms. Another strength is the analysis of patients' baseline immune status and performance status prior to the pandemic and the identification of a baseline performance status as a predictive marker for the severity of disease.

There are multiple limitations in our study. First, our data collection reflected a relatively small sample size. Second, about 69.8% of patients in this study were females, and breast cancer was the most prevalent diagnosis. Very small numbers of hematological malignancies were represented here, therefore raising cautions in generalizing the conclusion to patients with other malignancies. Third, we also excluded patients who were admitted to outside hospitals who lacked confirmatory information. Lastly, we excluded patients with suspicious clinical findings but negative or unconfirmed COVID-19 antibody test results. It is possible that some patients with true infection did not develop antibodies to COVID-19, or the presence of antibodies in some asymptomatic and mildly symptomatic patients was transient and diminished at the time of the test. In a recent publication, 40% of asymptomatic patients vs. 12.9% of symptomatic patients became seronegative in the early convalescent phase (21).

Overall, our observations should add valuable information to the rapidly accumulating world evidence of cancer and SARS-CoV-2 infection. Systemic anti-cancer treatment with a potential of negative impact to the immune system, particularly myelosuppressive chemotherapy, advanced age, with compromised functional status, and having more than 2 comorbidities were unfavorable factors associated with more severe infection status and hospital admissions but not for in-hospital mortality. Cancer patients not only have a higher mortality rate than the general population, but they also have longer hospital admission stay and protracted virus clearance time. On the other hand, patients with cancer on active treatment still may have mild disease, improve without hospitalization, and re-initiate anti-cancer treatment after recovery from SARS-CoV-2 infection. Proactive mitigation of modifiable factors and a careful balance of benefits and risks associated with anti-cancer treatment is warranted to safely navigate our cancer patients' course during the COVID-19 pandemic.



DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



ETHICS STATEMENT

The studies involving human participants were reviewed and approved by The Maimonides Medical Center Institutional Review Board (IRB # 2020-04-05). Written informed consent for participation was not required for this study in accordance with the national legislation and the institutional requirements.



AUTHOR CONTRIBUTIONS

DL, NS, BD, and YX: conception of research. KB, SB-R, JD'S, YH, JL, TM, LM, PM, PR, BD, and YX: provision of patient information. DL, YW, ST, VN, BD, and YX: data collection and analysis. YW: statistical analysis. DL, YW, BD, and YX: principal manuscript writing. All authors contributed to the manuscript writing and approval.



ACKNOWLEDGMENTS

We would like to acknowledge all the nurse practitioners (NPs) and physician assistants (PA), particularly Ami Lam (NP) and Yan Pronin (PA) in the Division of Hematology and Oncology at the Maimonides Cancer Center for patient identification and medical information gathering. We also would like to thank Myoe Htet Htet Oo, MBBS for assistance in reference.



REFERENCES

 1. Centers for Disease Control Prevention: Coronavirus Disease 2019 (COVID-19) Cases in U.S. (2020). Available online at: https://www.cdc.gov/coronavirus/2019-ncov/cases-updates/cases-in-us.html (accessed May 31, 2020).

 2. Liang W, Guan W, Chen R, Wang W, Li J, Xu K, et al. Cancer patients in SARS-CoV-2 infection: a nationwide analysis in China. Lancet Oncol. (2020) 21:335–7. doi: 10.1016/S1470-2045(20)30096-6

 3. Su VYF, Yang Y-H, Yang K-Y, Chou K-T, Su W-J, Chen Y-M, et al. The risk of death in 2019 novel coronavirus disease (COVID-19) in Hubei Province. Lancet. [Preprint]. (2020). doi: 10.2139/ssrn.3539655

 4. Xia Y, Jin R, Zhao J, Li W, Shen H. Risk of COVID-19 for patients with cancer. Lancet Oncol. (2020) 21:e180. doi: 10.1016/S1470-2045(20)30150-9

 5. Mehta V, Goel S, Kabarriti R, Cole D, Goldfinger M, Acuna-Villaorduna A, et al. Case fatality rate of cancer patients with COVID-19 in a New York hospital system. Cancer Discov. (2020) 10:935–41. doi: 10.1158/2159-8290.CD-20-0516 

 6. Oken MM, Creech RH, Tormey DC, Horton J, Davis TE, McFadden ET, et al. Toxicity and response criteria of the Eastern Cooperative Oncology Group. Am J Clin Oncol. (1982) 5(6):649–55

 7. Onder G, Rezza G, Brusaferro S. Case-fatality rate and characteristics of patients dying in relation to COVID-19 in Italy. JAMA. (2020) 323:1775–6. doi: 10.1001/jama.2020.4683

 8. Miyashita H, Mikami T, Chopra N, Yamada T, Chernyavsky S, Rizk D, et al. Do patients with cancer have a poorer prognosis of COVID-19? An experience in New York City. Ann Oncol. (2020) 31:1088–9. doi: 10.1016/j.annonc.2020.04.006

 9. Robilotti EV, Babady NE, Mead PA, Rolling T, Perez-Johnston R, Bernardes M, et al. Determinants of COVID-19 disease severity in patients with cancer. Nat Med. (2020) 26:1218–23. doi: 10.1038/s41591-020-0979-0

 10. Kuderer NM, Choueiri TK, Shah DP, Shyr Y, Rubinstein SM, Rivera DR, et al. Clinical impact of COVID-19 on patients with cancer (CCC19): a cohort study. Lancet. (2020) 395:1907–18. doi: 10.1016/S0140-6736(20)31187-9

 11. Garassino MC, Whisenant JG, Huang LC, Trama A, Torri V, Agustoni F, et al. COVID-19 in patients with thoracic malignancies (TERAVOLT): first results of an international, registry-based, cohort study. Lancet Oncol. (2020) 21:914–22. doi: 10.1016/S1470-2045(20)30314-4

 12. Dai M, Liu D, Liu M, Zhou F, Li G, Chen Z, et al. Patients with cancer appear more vulnerable to SARS-COV-2: a multi-center study during the COVID-19 outbreak. Cancer Discov. (2020) 10:783–91. doi: 10.1158/2159-8290.CD-20-0422

 13. Wang B, Oekelen OV, Mouhieddine TH, Valle DMD, Richter J, Cho HJ, et al. A tertiary center experience of multiple myeloma patients with COVID-19: lessons learned and the path forward. J Hematol Oncol. (2020) 13:94. doi: 10.1186/s13045-020-00934-x

 14. Lin DD, Meghal T, Murthy P, Mo L, D'Silva A, Huang Y, et al. Chemotherapy treatment modifications during the COVID-19 outbreak at a Community Cancer Center in New York City. J Glob Oncol. (2020) 6:1298–305. doi: 10.1200/GO.20.00309

 15. Richardson S, Hirsch JS, Narasimhan M, Crawford JM, McGinn T, Davidson KW, et al. Presenting characteristics, comorbidities, and outcomes among 5700 patients hospitalized with COVID-19 in the New York City area. JAMA. (2020) 323:2052–9. doi: 10.1001/jama.2020.6775

 16. Chang D, Mo G, Yuan X, Tao Y, Peng X, Wang F-S, et al. Time kinetics of viral clearance and resolution of symptoms in novel coronavirus infection. Am J Respir Crit Care Med. (2020) 201:1150–2. doi: 10.1164/rccm.202003-0524LE

 17. Lan L, Xu D, Ye G, Xia C, Wang S, Li Y, et al. Positive RT-PCR test results in patients recovered from COVID-19. JAMA. (2020) 323:1502–3. doi: 10.1001/jama.2020.2783

 18. Hu R, Jiang Z, Gao H, Huang D, Jiang D, Chen F, et al. Recurrent positive reverse transcriptase–polymerase chain reaction results for coronavirus disease 2019 in patients discharged from a hospital in China. JAMA Network Open. (2020) 3:e2010475. doi: 10.1001/jamanetworkopen.2020.10475

 19. Centers for Disease Control Prevention: Coronavirus Disease 2019 (COVID-19) Cases in U.S. (2020). Available online at: https://www.cdc.gov/coronavirus/2019-ncov/hcp/planning-scenarios.html#box1 (accessed July 31, 2020).

 20. Xu YQ, Methuku N, Coimbatore P, Fitzgerald T, Huang Y, Xiao Y-Y, et al. Immunogenicity of an inactivated monovalent 2009 influenza A (H1N1) vaccine in patients who have cancer. Oncologist. (2012) 17:125–34. doi: 10.1634/theoncologist.2011-022021

 21. Long Q-X, Tang X-J, Shi Q-L, Li Q, Deng H-J, Yuan J, et al. Clinical and immunological assessment of asymptomatic SARS-CoV-2 infections. Nat Med. (2020) 26:1200–4. doi: 10.1038/s41591-020-0965-6

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

Copyright © 2021 Lin, Wu, Toom, Sheth, Becker, Burdette-Radoux, D'Silva, Huang, Lipshitz, Meghal, Mo, Murthy, Rubin, Natarajan, Donahue and Xu. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fmed-08-604221-t002.jpg
Characteristics Group A GroupB  p-Value Group C Group D GroupA+B  GroupC+D  p-Value

Hospitalized ~ Intubated ~ Avs.B  Asymptomatic Symptomatic, A+Bus.
and/or Home c+D
Deceased Isolation
Total number 20(18.9) 15 (14.2) 30 (28.3) 4188.7) 35(33.0) 71(67.0)
Confirmed* 20 (4 AB") 14 30 (27 AB) 41(35 AB) 34 (4 AB) 71(62 AB)
Unconfimed 0 1 0 0 1 0
Age
Median 74 68 0.4593 68 60 71 63 0.000299
Range 44-88 48-83 31-87 43-94 44-88 31-94
Gender
Male 8(40) 6(40) 1 11 (36.7) 7(17.1) 14 (40) 18 (25.4) 0.1764
Female 12 (60) 9(60) 19 (63.3) 34 (829) 21(60) 53(74.6)
Cancer types
Solid tumors 16 (80) 13 (86.7) 06804 29(96.7) 37(20.2) 29(82.9) 66 (93) 0172
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Age Gender  2ormore Primary tumor Localized Cancer Last Hospital Was Outcome
comorbidities tumor or treatment treatment Days intubation
metastatic to required?
site admission
day
1 68 Female v Endometrial Peritoneum None NA No info Deceased
2 8  Fomde v NSCLC Liver Dabrafenio”, NA 3 Deceased
Trametinib*
3 68 Mae v Esophageal Bilateral Cisplatin, 11 days 8 v Deceased
supraclavicular  lrinotecan
and lower
cenvical
lymphadenopathy
4 62 Female v Breast Chest wall, Paclitaxel, 6 days 12 Deceased
bone, Atezolizumab 2
mediastinal, admission
retroperitoneal 3days
LNs
5 64  Femae v Breast Bone, lung, Ibrance, 28 days 14 v Deceased
and pleura Fulvestrant
6 71 Male v Gastric Stomach Docetaxel, 14 days 30 v Deceased
Oxaliplatin,
Leucovorin,
5-FU
7 80  Femde v Breast Localized Paciitaxel 1 day 22 Deceased
ond
-admission
16 days
8 65  Mde NSCLC Mediastinal Tagrisso, 51 days 12 Deceased
soft tissue, Carboplatin,
visceral pleura Alimta
9 69  Mde v scLe LNs, liver, and  Carboplatin, 13 days 6 Deceased
bone Etoposide,
Durvalumab
10 66 Mde v Unknown Lung Gemoitabine, 51 days 3 Deceased
primary Carboplatin
1183 Female v Endometrial NED Carboplatin, 79 days 2 Deceased
Paclitaxel
1248 Mde Lymphoplasmacytic Lymph nodes None N/A 60 v Alve
Lymphoma,
WM
13 67  Femde v DLBCL NED None NA 23 v Deceased
1477 Femdle v Breast Lung/Brain Adriamycin 10 days 24 v Deceased
15 65  Femde v Breast NED Herceptin', NA Discharged v Alive
Letrozole® April 2020

NSCLC, non-small cell lung cancer; SCLC, small cell lung cancer; DLBCL, diffuse large B cell lymphoma; WM, Waldenstroms Macroglobulinemia; NED, no evidence of disease.
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Characteristics

Total number
Age
Median
Range
Gender
Male
Female
Ethnicity
Caucasian
African American
Asian
Hispanic
Mid-Eastern
Cancer types
Solid tumors
Breast
GYN
Gastrointestinal
Lung
Head/Neck
GU
Brain
Osteosarcoma
Hematological malignancy
Presence of disease
No evidence of disease (NED)
Presence of disease
Localized disease
Metastatic disease
Treatment
No treatment
Active treatment”
Negative impact treatment
Treatment within 30 days
Diagnosis month
March
April
May
June
Unknown
Hospitalized
Staying home

Total number (%)

106

65
31-94

32(302)
74 (69.8)

47 (44.3)
32(302)
10 (9.4)
15 (14.2)
2(1.9

95 (89.6)
39(36.8)
13(12.3)
12(11.3)
12(11.3)
54.7)
12(11.3)
1(15)
1(15)
11(10.4)

47 (44.9)
59 (85.7)
19(17.9)
40(37.7)

28(26.4)
78(73.6)
45 (42.5, 45/106)
36 (34.0, 36/106)

22(20.8)
54(509)
11(10.4)
109
18(17.0)
35(33.0)
71(67.0)

"Defined as last treatment (any anti-cancer) treatment within 3 months of SARS-CoV-

2 diagnosis.
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GroupA+B  GroupC  Group D

Total patients 35 30 41

Total on treatdment before COVID-19  15(429) ~ 22(733)  29(70.7)
panderic

Myelosuppressive 8(22.9) 5(167)  11(268)
Immunosuppressive 2(57) 0 124
Immunomodulating 2(67) 3(10) 2(49)
Non-myelosuppressive or 386 1446.7)  15(36.6)

endocrine or radiation

Waiting to start treatment before or 2(67) 2(67) 3073

during COVID-19 pandernic

Treatment during pandemic and 0 2480 15(36.6)

SARS-CoV-2

Diagnosis
On schedule 0 22(733)  15(36.6)
New start 0 2(67) 0
Myelosuppressive 0 7(23.9) 498
Immunosuppressive 0 o 0
Immunomodulating 0 3(10) 0
Non-myelosuppressive or 0 14(46.7)  11(26.8)

endocrine or radiation

Delayed: Re-initiation after 9(25.7) 0 1361.7)
SARS-CoV-2 diagnosis
Or start new treatment 0 2(67) 3(7.3)
Myelosuppressive 7(20) 267) 6(14.6)
Immunosuppressive 0 0 12.4)
Immunomodulating 19 0 2(4.9)
Non-myelosuppressive or 129 0 7017.1)

endocrine or radiation
Duration of delay (fom dischargeto 40 (14-75)  67.5(37-78) 17 (6-31)"
restart):

Median (range)

Restart rate (%) 52.9(9/17) N/A NA
On-schedule rate (%) 0 92.3(24/26) 51.7 (15/29)
Continuation rate (%) n/a 100 (26/26) 96.6 (28/29)

*Based on cohort 1 data only.
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GroupAN=20 GroupBN=15
Number/Available Number/Available

(%) (%)

Hypoxia at presentation®
Yes 7(35) 11(733)
No 6(30) 0()
Unknown 7(35) 4(26.6)
Other criteria for admission at presentation
Anernia requiring transfusion 3(15) 0()
Gl bleeding and anemia 2(10) 00
Neutropenia i fever 3(15) 1(6.7)
Mental status changes 3(15) 5(33.3)
Syncope 1) 00)
Incidental finding® 3(15) 00
Unavailable information 3(15) 3(20)
Hospital course with progression of hypoxemia
Unknown 6(30) 2(132)
Room air only 3(15) 00
Oxygen supplement by:

NG or Ventruri mask 8(40) 2(132)

HFNC 2(10 00

100% NRB 16) 4(26.6)

Ventilator 0 7(46.6)

Prophylactic intubation 00 0(0)
Intubation due to respiratory failure 0 7 (100)

Hospital course with other complications®
Renal insufficiency® 10/14 (71.4) 7/10 (70)
LFT elevations 1014 (71.4) 10110 (100)
DVTor PE 1) 0()
AFib or MI 16) 2(132)
Bacterial pneumonia, bacteremia 16) 3(20)
Other lab abnormalities®
Lymphopenia 13/14 (92.9) 10/10 (100)
Elevation of LDH 112 (91.7) 10/10 (100)
Elevation of D-Dimer 112 (91.7) 9/9 (100)

2Hypoxia is defined as oxygen saturation at room air to be < 92%.

©The reasons of admission for the 3 patients who had incidentel finings of SARS-CoV-2
infection status were: social admission (n = 1), displaced nephrostomy tube (n = 1), and
lerge neck mess requiring emergency tracheostomy (n = 1),

©The percentages in those categories are calculated based on the number of patients
with available information, not the total number of patients in the respective groups.
Abnormal lab values: any value outside the upper or lower limit of normal reference value
per hospital leb.

GI, gastrointestinal; NC, nasal cannula; HFNC, High flow nasal cannule; NRB, non-
rebreather; LFT, iver function tests; DVT, deep vein thrombosis; PE, pulmonary embolism;
A-Fib, atrial fibrillation; M, myocardial infarction; LDH, Lactate dehydrogenase.
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Characteristics

Age
Gender:

Meale (vs. Female)
Cancer types:

Hematological (vs. Solid tumors)
Disease status:

Presence of disease (vs. NED)
Treatment and disease:

NED + Tx (vs. NED no Tx)

Disease no T (vs. NED no Tx)

Disease + T (vs. NED no Tx)
Treatment:

No treatment (vs. treatment)
Treatment: (No vs. Yes)

Myelosuppressive

Immunosuppressive

Immunomodulating

Any above negative impact

Negative Impact <30 days

Time duration of active treatment (m)

Time duration of tx with negative impact (m)
Comorbidities:

2 or more factors (vs. 0 or 1 factor)

HTN (No vs. Yes)

DM (No vs. Yes)

HLD (No vs. Yes)

h/o PE/DVT (No vs. Yes)

COPD/ILD/asthma (No vs. Yes)
Baseline lab for immune status:

Normal (vs. abnormal)

Unknown (vs. abnormal)
Performance

PS 22 (vs. PS 0-1)

Univariate

OR (95% Cl)

1.06 (1.03-1.11)

1.96 (0.82-4.67)

273 (0.76-10.17)

1.86 (0.82-4.41)

073 0.19-2.99)
1.87 (0.26-7.02)
1.57 (0.50-5.60)

0.95 (0.36-2.34)

0.7 (0.16-0.88)
0.92 (0.41-2.09)
0.45 (0.12-1.75)
0.28 (0.12-0.65)
0.35 (0.15-0.80)
0.98 (0.94-1.00)
0.98 (0.93-1.01)

3.14 (1.33-7.98)
0.43 (0.16-1.04)
0.71(0.30-1.69)
039 (0.16-0.90)
0.36 (0.08-1.44)
089 (031-2.79)

0.56 (0.22-1.44)
025 (0.01-1.89)

12.19 (2.89-83.82)

P-value

0.001

0.125

0.119

0.146

0.701
0.647
0.457

0.909

0.025
0.842
0.239
0.004
0.014
0.138
0.298

0.012
0.072
0.433
0.028
0.146
0.828

0226
0.241

0.002

Multivariate

OR (95% Cl)

1.01 (1.00-1.02)

0.78 (0.66-0.93)

1.57 (1.19-2.06)

P-value

0.004

0.006

0.002

Bolded values represented significant results in the p-values.
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