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ABSTRACT

Background. The coronavirus disease 2019 (COVID-19)
pandemic has significantly impacted health care systems.
However, to date, the trend of hospitalizations in the
oncology patient population has not been studied, and
the frequency of nosocomial spread to patients with can-
cer is not well understood. The objectives of this study
were to evaluate the impact of COVID-19 on inpatient
oncology census and determine the nosocomial rate of
COVID-19 in patients with cancer admitted at a large aca-
demic center.
Materials and Methods. Medical records of patients with
cancer diagnosed with COVID-19 and admitted were
reviewed to evaluate the temporal trends in inpatient
oncology census during pre–COVID-19 (January 2019 to
February 2020), COVID-19 (March to May 2020), and
post–COVID-19 surge (June to August 2020) in the region.
In addition, nosocomial infection rates of SARS-CoV-2
were reviewed.

Results. Overall, the daily inpatient census was steady in 2019
(median, 103; range, 92–118) and until February 2020 (median,
112; range, 102–114). However, there was a major decline from
March to May 2020 (median, 68; range, 57–104), with 45.4%
lower admissions during April 2020. As the COVID-19 surge
eased, the daily inpatient census over time returned to the
pre–COVID-19 baseline (median, 103; range, 99–111). One
patient (1/231, 0.004%) tested positive for SARS-CoV-2 13 days
after hospitalization, and it is unclear if it was nosocomial or
community spread.
Conclusion. In this study, inpatient oncology admissions
decreased substantially during the COVID-19 surge but over
time returned to the pre–COVID-19 baseline. With aggres-
sive infection control measures, the rates of nosocomial
transmission were exceedingly low and should provide reas-
surance to those seeking medical care, including inpatient
admissions when medically necessary. The Oncologist
2021;26:e1427–e1433

Implications for Practice: The COVID-19 pandemic has had a major impact on the health care system, and cancer patients
are a vulnerable population. This study observes a significant decline in the daily inpatient oncology census from March to
May 2020 compared with the same time frame in the previous year and examines the potential reasons for this decline. In
addition, nosocomial rates of COVID-19 were investigated, and rates were found to be very low. These findings suggest that
aggressive infection control measures can mitigate the nosocomial infection risk among cancer patients and the inpatient
setting is a safe environment, providing reassurance.
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INTRODUCTION

The emergence of coronavirus disease 2019 (COVID-19) has
dramatically altered the global landscape, including health
care delivery. As a result of surge modeling and the need
for urgent inpatient capacity, hospitals and physicians
deferred nonurgent, non–COVID-19–related visits and care.
However, there is growing concern that patients who are
seriously ill are also deferring care. A recent survey con-
ducted by the American College of Emergency Physicians
found that 80% of respondents were fearful of contracting
COVID-19 in the emergency room (ER), 29% delayed seek-
ing medical care because of concerns of COVID-19, and 73%
worried about overstressing the health care system [1].
Data from Northern Italy indicate that hospitals have expe-
rienced a significant decrease in admissions related to acute
coronary syndrome, while seeing an increase in mortality
from causes not fully attributable to COVID-19 [2].

Typically, transmission of SARS-CoV-2 occurs from
symptomatic individuals with close contact through respi-
ratory droplets or with contaminated surfaces. Time from
exposure to symptom onset can be up to 14 days, and
presymptomatic transmission has been documented [3].
These factors led many hospitals to adopt a no-visitors
policy in facilities to limit spread. However, a patient
comes into contact with a number of health care workers
during admission. Because subsets of patients
(e.g., immunocompromised, diagnosed with hematological
malignancies) have increased risk of nosocomial infection
and greater susceptibility to serious illness because of
SARS-CoV-2, the fear of contracting the disease may over-
ride their need to seek urgent care [4–7]. However, to
date, the trend of hospitalizations pre– and post–COVID-
19 surge in the oncology patient population has not been
studied, and, outside of a single study from China (Wuhan)
that found 28.6% (n = 8) of patients with cancer may have
acquired COVID-19 while hospitalized [8], the frequency of
nosocomial spread to patients with cancer is not well
described.

As it is imperative to understand the overall health
impacts of COVID-19 and the risks of infection during hospi-
talization, the primary objectives of this study were to
(a) evaluate the inpatient oncology census in comparison
with historical data and infusion volume at an institution
with a high volume of COVID-19 admissions and
(b) determine the nosocomial rate of COVID-19 in patients
with cancer admitted at a large academic center.

MATERIALS AND METHODS

Patients with a known diagnosis of cancer who were hospi-
talized at Massachusetts General Hospital (MGH) in Boston,
MA, with a SARS-CoV-2–positive test result between March
1, 2020, and September 1, 2020, were retrospectively iden-
tified. A comprehensive COVID Cancer Research (CCR)
patient registry was created using the database software
REDCap (Research Electronic Data Capture; Vanderbilt Uni-
versity, Nashville, TN), a management platform used world-
wide for information storage on research studies. The study
was approved by the Partners Human Research Committee,

the institutional review board of Partners HealthCare,
before any research was conducted.

Data Collection and Analysis
Medical records of patients with cancer who were diag-
nosed with COVID-19 and admitted to MGH were
reviewed, and data were entered into the CCR registry.
Details regarding the COVID-19 test (SARS-CoV-2 polymerase
chain reaction) for every patient were also collected to
determine timing of infection in relation to inpatient
admission and to assess nosocomial rate. Furthermore, we
chart reviewed all MGH Cancer Center (MGHCC) patients
with confirmed COVID-19 (between March 1, 2020, and
September 1, 2020) to determine if they had been
recently hospitalized in the 14 days prior to the diagnosis.
In addition, we collected operational data on the volume
of new patients, volume of inpatient and outpatient infu-
sions, number of patients with an emergency department
visit at MGH, and number of individuals transferred from
outside hospital to our institution from August 14, 2019,
to August 14, 2020. Statistical analyses were performed
using Stata, version 15.0 (StataCorp, College Station, TX),
and the corresponding results were graphed using Micro-
soft Excel.

RESULTS

Inpatient Oncology Census
We first evaluated the temporal trends in inpatient oncol-
ogy census during pre–COVID-19 (January 2019 to February
2020), COVID-19 surge (March to May 2020), and post–
COVID-19 surge (June to August 2020) at MGH. Overall, the
daily inpatient census was steady in 2019 with a median of
103 patients (range, 92–118), as well as in January–February
2020 with a median of 112 patients (range, 102–114). How-
ever, there was a major decline in daily inpatient census from
March to May 2020, with a median of 68 patients (range,
57–104), coinciding with the peak COVID-19 surge, as
depicted in Figure 1.

April 2020 witnessed the peak of the COVID-19 surge at
our hospital, and the number of oncology patients with
COVID-19 was also high during this month (Fig. 2). In com-
parison, the general inpatient oncology census was 45.4%
lower during the first week of April 2020 (April 2–April 8),
as compared with a similar time frame in 2019. Likewise,
the inpatient census was 41.1% lower during the last week
of April 2020 (April 23–April 29), as compared with a similar
time frame in 2019.

As the COVID-19 surge eased in subsequent months in
the Boston region, the daily inpatient census increased and
returned to the pre–COVID-19 baseline. The median inpa-
tient census was 101 from June to August 2020, which was
similar to the census from June to August 2019 (median,
103; range, 99–111).

Operational Data
Since inpatient admissions could be impacted by number of
patients receiving inpatient and outpatient chemotherapy
(Fig. 3; supplemental online Fig. 1A), number of new
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patients diagnosed with cancer (supplemental online
Fig. 1D), established-patient follow-up or emergency
department volume (supplemental online Fig. 1B), and
number of outside hospital transfers (supplemental online
Fig. 1C), we then evaluated the trends in these areas to
assess whether any change could account for the major
decline in inpatient census from March to June 2020.
Although there was a decline in outpatient infusion volume
during the months of March to June 2020, there is no clear
trend between outpatient infusion volume decrease and
inpatient admissions during the same time frame (Fig. 3).
During this same time frame, however, there was a
decrease in inpatient infusions (supplemental Fig. 1A),
emergency department volume, and outside hospital trans-
fers. Overall, established-patient volume year to date from
January 1 through August 31 was down 1% in 2020

(146,899 visits in 2019, 145,738 visits in 2020) and new-
patient volume year to date from January 1 through August
31 was down 21% (22,706 new patients in 2019, 17,915
patients in 2020).

Nosocomial Infection
Given the strong relationship between COVID-19 surge and
decline in inpatient oncology census, we next evaluated the
rate of nosocomial infections to investigate whether there
was an objective risk of COVID-19 exposure and infection
while hospitalized that could have prompted patients (and
providers) to avoid inpatient admissions.

We evaluated the temporal relationship between
COVID-19 positivity and inpatient admission among patients
with cancer at MGHCC (n = 231). Of note, 57 individuals
were hospitalized within 14 days of positive SARS-CoV-2

Figure 1. Comparing the weekly inpatient census numbers of patients with cancer at Massachusetts General Hospital between
2019 and 2020. Data exhibit a steep drop in the 2020 inpatient numbers following the beginning of the COVID-19 quarantine.
Abbreviations: MGH, Massachusetts General Hospital; v, versus.
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Figure 2. Displaying the number of admitted COVID-19 positive patients with cancer at Massachusetts General Hospital. Data show
a steady decline since the observed peak on April 28th, 2020.
Abbreviation: MGH, Massachusetts General Hospital.
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test results (Fig. 4). Fifty-six individuals were admitted
within 1 week after a positive test result or were tested
within 24 hours of admission. Three of these patients tested
postive 24 hours after admission, which argues against nos-
ocomial infection since the incubation period of COVID-19
is 5–7 days [9]. One individual (1/231, 0.004%) tested posi-
tive for SARS-CoV-2 13 days after a recent hospitalization
for a non–COVID-19–related illness. It is unclear if this was
a case of nosocomial or community spread. These data indi-
cate that there was an exceedingly low nosocomial
infection rate.

DISCUSSION

In this study, we found that the number of patients with
cancer who were admitted to the hospital decreased sub-
stantially during the COVID-19 surge, but as the surge eased
in subsequent months, the daily inpatient census started to
increase and returned close to the pre–COVID-19 baseline.
Our data suggest that the decrease in inpatient admissions
was not due to a decrease in outpatient infusion volume
alone or one clear driving factor. We observed a general
decline in the number of new cancer diagnoses, the volume
of patients with cancer being admitted for inpatient treat-
ment and from the emergency department, and a decrease
in the volume of patients transferred from outside hospi-
tals, suggesting that there are multiple factors that played a
role in the decline in inpatient census. Importantly, and as
evidenced by the decreased new-patient volume (supple-
mental online Fig. 1), fear and perception among patients

(and providers) to avoid inpatient admissions in a hospital
with a high volume of patients with COVID-19 could have
also played a role. However, the exceedingly low rate of
nosocomial infections in our cohort does not support this
latter concern.

A decline in patients seeking out or presenting for care
has also been reported in care settings other than cancer
[2, 10]. A recent ER study from five health care systems
across five states found that the number of ER visits
decreased by 60% in areas where COVID-19 was most
severe [11]. A retrospective survey of 847 patients from
13 gastroenterology centers in Northern Italy found that
29.4% of patients did not to show up for their endoscopy
on their scheduled date. During the 3-week study, the per-
centage of missed appointments progressively increased
from 15.1% at the beginning to 48.2% at the end [12]. A
Turkish study found a significant drop in the number of new
cancer diagnosis, use of interventional procedures, and
receipt of palliative care services [13]. Several other studies
have found a precipitous decline in screening for breast,
prostate, and colorectal cancer during the peak of COVID-19
[14, 15].

Currently, there is a dearth of high-quality data explor-
ing the real or long-term effect on outcomes in patients
who have a delay in cancer diagnosis or treatment, with
most of these studies being case series and observational
with limited follow-up. Additionally, few studies have quan-
tified inpatient oncology admissions and potential avoid-
ance of inpatient hospitalization during the COVID-19
pandemic. Furthermore, many of the findings seem to vary

Figure 3. Comparing the weekly ambulatory infusion census numbers of patients with cancer at Massachusetts General Hospital
between 2019 and 2020. Data show an overall decrease in census numbers in 2020 but also present a drop in ambulatory infusion
numbers shortly following the beginning of the COVID-19 pandemic quarantine.
Abbreviations: MGH, Massachusetts General Hospital; v, versus.
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depending on the type of cancer and setting of the
reporting. However, there is great concern that these delays
could have significant consequences. In a recent national,
population-based modeling study in the U.K., researchers
estimated that across four major tumor types (breast, colo-
rectal, lung, and esophagus), 3,291–3,621 avoidable deaths
and 59,204–63,299 years of life lost will be attributable to
delays in cancer diagnosis alone as a result of the COVID-19
lockdown [16]. The impact of delayed inpatient admissions
is not known to the best of our knowledge, and this is an
area that warrants further research.

Various COVID-19 registries have evaluated why
patients are delaying their medical care during the pan-
demic. In addition to the public being encouraged to stay at
home and some governments instituting nationwide lock-
downs, another possible explanation is fear. Patients are
concerned about coming into contact with those infected
with SARS-CoV-2 if they have to be admitted to the hospital
or come to the clinic for treatment. A study investigating
how elevated anxiety and fear during the pandemic
affected chemotherapy adherence in patients with cancer
found that the computerized tomography (CT) scan post-
ponement rates before and after COVID-19 were 11.6% and
14.2%, respectively (p = .017). COVID-19 fear and anxiety

(COV-FA) was identified as the third most frequent reason
for CT scan postponement (after neutropenia and thrombo-
cytopenia). After telemedicine was implemented and
included information about rates of COVID-19 in the health
care center, the rate of COV-FA–related CT scan postpone-
ment decreased significantly (4.6% after telemedicine
vs. 17.4% before telemedicine, p = .012), indicating that it
is important to share information with the public to allevi-
ate concerns [17]. In a survey study based on WhatsApp
messages from Italian oncology patients, older patients
(≥75 years) and those with poor performance status were
most worried about COVID-19, which demonstrated that
more fragile patients and their families were the most con-
cerned [18]. Fear was the dominant emotion identified. A
small percentage of patients asked for withdrawal from
treatment, indicating a greater fear of acquiring COVID-19
than of their cancer progressing. Media coverage of spo-
radic outbreaks further compounded the fear and anxiety.

Although fear of acquiring COVID-19 in the hospital is
understandable, with adequate preventive measures the
actual rate of nosocomial infection appears to be low. In
our study, none of the patients with cancer admitted to the
hospital with COVID-19 acquired the infection while hospi-
talized. There was one individual who was discharged

Figure 4. Displaying COVID-19 test results in relation to the patient’s day of admission (x = 0) to Massachusetts General Hospital.
Red dots designate a positive test result, and green dots designate a negative test result. Data indicate that admitted patients were
testing positive for COVID-19 prior to admission or on the day of admission, which implies that patients were not acquiring nosoco-
mial COVID-19 infections.
Abbreviation: ID, identification.
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13 days prior to his COVID-19–positive test result, and the
method of spread was unclear. This low risk of viral trans-
mission has also been observed in several other studies
involving health care workers (HCWs). In a study of 60 HCWs
exposed ≤2 meters for ≥15 minutes, or during aerosol-
generating procedures (AGPs), following ≥106 unique close
contact exposures including 12 contacts during AGPs with a
nonisolated patient with COVID-19, none of the HCWs
tested positive for SARS-CoV-2 RNA or developed anti-
bodies [19]. Similarly, in a study of 545 asymptomatic HCWs
who volunteered to be tested for SARS-CoV-2 to determine
the rates of asymptomatic viral carriage and seroprevalence
of SARS-CoV-2 antibodies, the rates were found to be 2.4%
(13/545) and 24.4% (126/516), respectively [20]. To charac-
terize SARS-CoV-2 transmission to health care providers
(HCPs) within and outside the medical workplace, an inter-
national case-control study of 1,130 HCPs (244 cases with
laboratory-confirmed SARS-CoV-2, 886 controls healthy
throughout the pandemic) reported through an online
survey that transmission was associated with non–aerosol-
generating contact and multiple extraoccupational expo-
sures, whereas exposures associated with proper use of
appropriate personal protective equipment (PPE) were
protective [21]. With the implementation of active and
enhanced surveillance with progressively wider screening
criteria during the evolution of the COVID-19 pandemic,
hospitals in Hong Kong achieved zero nosocomial transmis-
sion in HCWs and patients within the first 6 weeks of inves-
tigation [22].

Our low rate of nosocomial infection was similar to
what was recently reported from one of our partner hospi-
tals [23]. Over the first 12 weeks of the pandemic, Brigham
and Women’s Hospital cared for more than 9,000 patients,
including approximately 700 with COVID-19, and identified
only two patients who likely acquired the infection in the
hospital, including one who was most likely infected by a
spouse before visitor restrictions and universal masking
[23]. However, our study included only patients with cancer,
who are a more vulnerable cohort. With rigorous infection
control measures, which included implementation of uni-
versal face mask policies for all patients and staff, restric-
tions on visitors to the hospital, and transition of all
nonurgent oncology visits to virtual care, our cohort study
showed that nosocomial COVID-19 was rare even among an
at-risk population during the height of the pandemic in the
region. However, this is with adequate PPE and precaution,
and there is concern that outcomes might not be the same
with a future surge, particularly in the setting of an increas-
ingly tired and distressed workforce [24].

Our study has several limitations. This was a single-
center study involving a large academic institution with sig-
nificant resources. Our hospital implemented aggressive
infection control measures early on during the pandemic
and updated and enforced them rigorously. Thus, our find-
ings may not be generalizable to smaller, under-resourced
institutions. Furthermore, we only studied patients with
cancer who were admitted to Massachusetts General Hospi-
tal with COVID-19, and we were unable to track our
patients who may have been admitted to other hospitals
around the state or country.

CONCLUSION

Patients with cancer are considered to be a high-risk popu-
lation for SARS-CoV-2 infection because of their immuno-
compromised state and multiple comorbidities; they also
tend to be older. Thus, it is not surprising that our rates of
cancer hospital admission and infusion visits declined dra-
matically after the appearance of COVID-19. However,
delays in the diagnosis of or treatment for cancer or treat-
ment complications can have detrimental effects on out-
comes. In our hospital, where aggressive infection control
measures were employed, the low rate of nosocomial trans-
mission should provide reassurance to patients with cancer
who are concerned about contracting COVID-19 if they
come to the hospital or clinic for cancer care. It is clear that
the lowest rates of transmission occur in hospitals with the
most effective infection control measures, and this provides
an important public health message for the future. The low
rate of viral transmission should also help providers encour-
age their patients with cancer to seek medical care, includ-
ing inpatient admissions when medically necessary.
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