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Colon cancer; Background: The COVID-19 pandemic disrupted routine screening for and treatment of gastroin-
COVID; testinal (Gl) cancers. We analyzed changes in Gl cancer pathology specimens resulting from diag-
Hepatocellular nostic and therapeutic procedures at a single academic center in an epicenter of the COVID-19
carcinoma; pandemic. Our aim was to determine which cancer types, procedures, and patients were
Endoscopy impacted by the pandemic.

Methods: This was a retrospective, cohort study of patients identified based on carcinoma con-
taining pathologic specimens reviewed in our institution resulting from diagnostic or resection
procedures. Pathology and medical records of patients with Gl and liver carcinoma and high-
grade dysplasia were reviewed from February 1 to April 30 in 2018, 2019 and 2020. We used
March 16, 2020 to delineate the pre-COVID-19 and COVID-19 period in 2020. Chi-squared or t-
tests, as appropriate, were used to compare these time periods in each year. Mann Kendall test
was used to test for trend in volume. ANCOVA was used to compare differences across years.
Results: A total of 1028 pathology samples from 949 unique patients were identified during the
study period. There was a 57% drop in samples within 2020 (p = 0.01) that was not present in
either 2018 or 2019 (p<0.01). In 2020, there were significantly fewer resections compared to
biopsies overall in the COVID-19 period (p = 0.01). There were fewer colorectal cancer specimens
(p = 0.04) which were procured from older patients (p<0.01) in the 2020 COVID-19 period com-
pared to pre-COVID-19.
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Conclusions: In our institution, there was a significant drop in diagnostic and resection speci-
mens of Gl cancers during the COVID-19 pandemic, disproportionately affecting older colorectal

cancer patients.

© 2021 Elsevier Masson SAS. All rights reserved.

Introduction

The novel coronavirus disease 2019 (COVID-19) pandemic has
had a rapid global spread. After the first confirmed case on
March 1, 2020, New York City (NYC) quickly became an epi-
center for the disease. In April and early May, NYC accounted
for up to one quarter of global cases [1]. In order to “flatten
the curve” a stay-at-home order was mandated by the Gov-
ernor of the State of New York, which additionally mandated
the cancelation of elective surgeries and procedures in mid-
March. While containment has been critical to limit the
spread of COVID-19, this strategy comes at a detrimental
cost in terms of delaying the diagnosis and treatment of
important diseases, especially cancer.

The COVID-19 pandemic has had a major impact on public
health beyond the toll of the virus itself. There are increas-
ing reports of postponed medical care in the United States
attributed to COVID-19, for example due to cancelation of
office visits and procedures and from patient fears of con-
tracting the virus while seeking care for other health issues
[2]. According to the CDC, emergency department visits
dropped 42% in April 2020 compared to the same time period
in 2019 [3]. Similarly, there were decreases in number of ST-
segment elevation cardiac catheterization activations [4]
and delayed diagnosis and treatment of acute hematological
malignancies [5]. The New York City Department of Health
and Mental Hygiene (DOHMH) identified 5293 (22%) excess
deaths beyond those officially attributed to COVID-19, which
may be due in part to patients avoiding needed care [6].

Of particular concern are patients with symptoms con-
cerning for malignancy needing an initial diagnostic proce-
dure and those with cancer diagnoses awaiting surgical
intervention or adjuvant oncologic therapy. Additionally,
with the postponement of preventative health appoint-
ments, diagnoses of new cancers through screening and sur-
veillance may be delayed or even entirely missed during this
time [7]. In the Netherlands, this is already evident given a
significant drop in cancer diagnoses since their first case of
COVID-19 in late February [8]. Delays in cancer diagnosis and
treatment might be expected to result in more advanced
stage disease at diagnosis, requirement for additional or
more complicated treatment interventions, worse progno-
sis, and possibly decreased overall survival. Indeed, the
National Institute of Health predicts an estimated 10,000
excess deaths from delayed diagnosis and staging of colorec-
tal and breast cancer over the next ten years [9].

In this study, we aimed to quantify changes in the number
of gastrointestinal (Gl) cancer specimens that resulted from
endoscopies, Interventional Radiology (IR)-guided biopsies
and surgeries, both diagnostic and therapeutic, performed
at a single academic medical center in New York City during
the time that it was an epicenter of the COVID-19 pandemic.
Our aim was to determine the demographic, histopathologic
and clinical characteristics of cancer patients most
impacted by COVID-19.

Methods

The study was approved by the Mount Sinai Institutional
Review Board (IRB). This was a retrospective, cohort study
of patients identified based on carcinoma containing patho-
logic specimens reviewed by Mount Sinai Pathology Depart-
ment resulting from diagnostic or resective procedures.
Surgical pathology records of patients with a diagnosis of Gl
and liver carcinoma or high-grade dysplasia were identified
from February 1 to April 30, 2020 as well as during the same
period in 2018 and 2019. March 16, 2020 was chosen as the
date to delineate the pre- and COVID-19 period, since this
was the date that the New York State Executive Order ban-
ning large gatherings and closing schools and non-essential
businesses went into effect. This was the same date that all
elective procedures were canceled at the Mount Sinai Health
system. All specimens (which included both diagnostic biop-
sies and surgical and endoscopic resections) from the tubular
Gl tract and associated solid organs (esophagus, stomach,
small intestine, appendix, colon, rectum, anus, liver, pan-
creas, and biliary tract, including intrahepatic, extrahepatic
and gallbladder) were included. Consultation cases submit-
ted to the pathology department from referring physicians
were included only when sufficient information was con-
tained within the pathology report. Metastatic carcinomas
to the Gl tract were included provided other parameters ful-
filled study criteria. Cases with non-carcinoma diagnoses
(sarcomas, mixed tumors, hematologic malignancies), diag-
noses of indefinite or low-grade dysplasia, patients scoped
or operated on for liver transplant (regardless of underlying
etiology), and cytology specimens were excluded. The type
of procedure performed was recorded as surgical, endo-
scopic or percutaneous (most commonly performed by inter-
ventional radiologists).

Data on demographic and clinicopathological features
including patient age, sex, and race, type of procedure, ana-
tomical and primary site (if applicable), histological type
and grade, and overall tumor stage were obtained from elec-
tronic medical records, including pathology reports. Speci-
mens were considered upper Gl cancers if they originated in
the esophagus, gastroesophageal junction (GEJ), stomach or
proximal small bowel (duodenum). Extraluminal Gl cancers
were those that originated in the liver, biliary tract or pan-
creas. Lower Gl cancers had origin in the distal small bowel
(jejunum and ileum), colon (including appendix), rectum or
anus. Specimens were classified as either resection (if the
tumor was fully removed either surgically or endoscopically)
or biopsy if it was only sampled (endoscopically, percutane-
ously, or through a surgical biopsy). Advanced pathologic
stage was defined as the presence of any of the following:
pT3, pT4 or metastatic disease to any lymph node or distant
organ.

Patient and clinical characteristics from the 6 weeks prior
to COVID-19 (February 1-March 15, 2020) were compared to
the COVID-19 time period (March 16-April 30, 2020), as well
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as to the same time periods (February-April) of 2018 and
2019 using chi-squared t-test, as appropriate. Mann Kendall
test was used to analyze trends in volume of cases over bi-
weekly periods from February to April 30 in each year. Analy-
sis of Covariance (ANCOVA) was used to compare the slope of
the regression line across years. Time to treatment (surgery
and/or chemoradiation) for CRC and all other Gl cancers was
compared using the Mann Whitney U test.

All data was analyzed using SAS version 9.4 (Cary, NC)
with p < 0.05 considered statistically significant throughout.

Results
Overall study cohort

A total of 949 unique patients were identified in 2018, 2019
and 2020 (Table 1). The mean age of the patients in each
time period ranged from 62.7 + 14.9 to 65.3 £+ 11.2 years.
There were more male than female patients overall in both
2019 and 2020, in contrast with 2018 when there were more
female patients. Across all time periods, most patients were
white (33.3%—39.5%). Black and Asian patients comprised
less than 20% of the population during each six-week period.

The procedures were most commonly surgeries (461/939
or 49.1%) and the remainder were endoscopies (265/939 or
28.2%) or IR-guided biopsies (213/939 or 22.7%). Of these,
476/940 (50.2%) specimens were fully resected, either endo-
scopically or surgically. The largest number (433/949 or
45.6%) came from the colon and rectum. An additional 251
(26.4%) came from hepatobiliary tumors. Correspondingly
the majority (702/949 or 74.0%) of cancers were adenocarci-
noma; the remainder were cholangiocarcinoma, hepatocel-
lular carcinoma, squamous cell carcinoma, neuroendocrine
tumor, pancreatic cystic neoplasms and metastatic appendi-
ceal mucinous neoplasms. Amongst those with grade, 32.2%
of tumors were poorly differentiated. 15.7% of tumors
resected or biopsied were from metastatic cancers.

Trends across years

There was a consistent decrease in biweekly volume of
pathology specimens during 2020 that was not present in
either 2018 or 2019 (p = 0.01 for 2020, Fig. 1a). A similar
decrease was also seen for upper Gl cancers (p = 0.01 for
2020, Fig. 1b). Lower Gl cancers increased during the 2019
study period (p = 0.02, Fig. 1c) but fell significantly during
2020 (p = 0.04). No differences were noted for extraluminal
cancers (p = 0.09 for 2020, Fig. 1d).

When comparing the slopes of the regression lines by year
across all three years, there was a significant difference in
the total number of pathology specimens sampled
(p < 0.01). The same was true for lower Gl cancers specifi-
cally (p < 0.01). There was no significant difference for
upper Gl or extraluminal cancers.

Differences within 2020

A total of 278 unique specimens were analyzed during 2020,
84 of which were in the COVID-19 period, representing a 57%
drop in volume. Patients in the COVID-19 cohort were older
than pre-COVID-19 (65.3 vs 64.1 years, p < 0.01). Sex and

race were not significantly different between the two
groups.

During the COVID-19 period, the proportions of the proce-
dures by which specimens were obtained changed as well.
There was a 69% decline in the volume of surgical specimens,
49% decline in endoscopy specimens and 34% decrease in
percutaneous biopsy specimens. These changes resulted in
overall lower proportion of surgical samples (50.5% vs 36.1%,
p = 0.07). Similarly, there was a 70% decline in resections
and 41% decline in biopsy samples resulting in a lower pro-
portion of cancers that were fully resected (50.5% vs 34.5%,
p = 0.01). While the absolute volume of most Gl cancer
specimens decreased during COVID-19, there was a notable
decrease in the proportion of colorectal cancers (51.5% vs
34.5%, p = 0.04) and a relative increase in overall proportion
of extraluminal Gl cancers (Table 1). The overall number of
GEJ tumors sampled was similar (6 vs 8) but increased as a
share of total cancers (3.1% vs 9.5%). Corresponding to the
significant drop in colorectal cancers, there were fewer
adenocarcinomas (76.8% vs 61.9%, p = 0.04). There was no
significant difference in histologic grade or pathologic stag-
ing in the COVID-19 time period.

Colorectal cancer

Since our results show a more dramatic decrease in colorec-
tal cancer specimens, we examined the colorectal cancer
staging in more detail. Although the volume fell from 95
patients in the pre-COVID-19 period to 28 in the COVID-19
period, resulting in 71% overall drop in volume of cases,
there was no significant difference in the distribution by
patient sex or race (Table 2). Those who underwent colorec-
tal cancer-related procedures in the COVID-19 time period
were older than those in the pre-COVID-19 time period
(65.5 + 13.1 years vs 68.4 &+ 11.6 years, p < 0.01). There
was no significant difference in pathologic stage (p = 0.62).
Additionally, there were no differences noted in the propor-
tion of surgical resections and biopsies.

We further examined treatment outcomes among 87
patients with available follow-up who had been diagnosed
with cancer based on a biopsy during the 2020 study period.
There was a median time to surgery of 82 days (interquartile
range [IQR] 51.25—111) for CRC and 74 days (IQR 36—153.5)
for all other cancer types, difference not statistically signifi-
cant). There was a median time to chemoradiation of
52.5 days (IQR 29.25-140.5) for CRC and 35.50 (IQR
27.5—-54.75) for all other cancer types (difference not statis-
tically significant). Time to any treatment (chemoradiation
or surgery) was a median 77.0 days (IQR. 35.75-127) for
CRC and 40 days (IQR 30.5—77) for all other Gl cancers (dif-
ference not statistically significant).

Discussion

Since the onset of the COVID-19 pandemic, the consequence
of delayed cancer care has been of great concern world-
wide [7,8,10—15]. A recent modeling study suggests 10,000
excess deaths due to colon and breast cancer over the next
10 years, but the assumptions of this model are based on
hypothetical estimates [9]. To our knowledge, this is the first
study to measure the impact on volume of diagnostic and



Table 1  Clinicopathologic Characteristics of Gastrointestinal Neoplastic Specimens in 2018, 2019 and 2020.

2018 2019 2020
Total February 1- March 16- February 1- March 16- February 1- March 16-
March 15 April 30 March 15 April 30 March 15 April 30
N =949 N =148 (47.0%) N =167 (53.0%) N = 154 (43.2%) N =202 (56.7%) N =194 (69.8%) N =84 (30.2%) p value
(2020°)

Age (mean [standard deviation]) 63.9 (13.2) 63.6 (13.1) 63.7 (12.6) 62.7 (14.9) 64.6 (13.4) 64.1(13.0) 65.3(11.2) <0.01
Sex Male 55.3% 45.9% 41.9% 54.5% 61.9% 61.9% 69.0% 0.25

Female 44.7% 54.1% 58.1% 45.5% 38.1% 38.1% 31.0%
Race White 37.2% 37.8% 39.5% 33.8% 37.6% 38.7% 33.3% 0.46

Black 14.3% 14.2% 14.4% 11.7% 13.9% 16.0% 16.7%

Asian 14.1% 14.2% 19.8% 17.5% 10.9% 12.4% 8.3%

Other/unknown 34.4% 33.8% 26.3% 37.0% 37.6% 33.0% 41.7%
Consults 18.2% 13.5% 13.2% 22.1% 25.2% 14.4% 21.4% 0.15
Procedure Surgery 49.1% 57.9% 47.9% 50.0% 47.0% 50.5% 36.1% 0.07
*(n=939) Endoscopy 28.2% 25.5% 28.2% 24.0% 24.8% 32.8% 38.6%

Percutaneous 22.7% 16.6% 26.9% 26.0% 28.2% 16.7% 25.3%
Specimen Resection 50.2% 57.4% 45.5% 51.3% 48.0% 50.5% 34.5% 0.01
**(n = 940) Biopsy 48.9% 40.5% 52.1% 48.7% 52.0% 48.5% 65.5%
Anatomic Site Colorectal*** 45.6% 50.7% 45.5% 37.7% 47.0% 51.5% 34.5% 0.04

Hepatobiliary 26.4% 21.6% 26.9% 32.5% 25.7% 24.2% 29.8%

GEJ 4.6% 3.4% 2.4% 7.8% 4.5% 3.1% 9.5%

Stomach 9.4% 8.1% 12.0% 7.8% 11.4% 8.8% 6.0%

Pancreas/duodenum 8.3% 8.8% 7.2% 7.8% 7.4% 8.8% 11.9%

Anus 2.3% 2.0% 1.8% 3.9% 2.5% 1.5% 2.4%

Other 3.3% 5.4% 4.2% 2.6% 1.5% 2.1% 6.0%
Histologic Type Adenocarcinoma 74.0% 77.0% 78.4% 64.9% 77.2% 76.8% 61.9% 0.04

HCC 10.4% 5.4% 9.0% 17.5% 9.9% (7.7% 16.7%

Cholangiocarcinoma 5.4% 4.7% 5.4% 6.5% 4.0% (5.2% 8.3%

scc 5.0% 3.4% 4.8% 8.4% 4.0% 3.1% 8.3%

AMN 0.5% 1.4% 0.0% 0.0% 1.0% 0.5% 0.0%

Neuroendocrine 2.5% 2.0% 1.2% 1.9% 2.5% 5.2% 1.2%

PCN 0.8% 3.4% 0.0% 0.0% 0.5% 0.5% 1.2%

Other 1.4% 2.7% 1.2% 0.6% 1.0% 1.0% 2.4%
Grade**** Well to Moderately 67.8% 63.1% 70.4% 73.2% 70.2% 67.3% 60.6% 0.32

Differentiated
(n = 805) Poorly Differentiated 32.2% 36.9% 31.6% 26.8% 29.8% 32.7% 39.4%
Metastases to Gl Tract 15.7% 18.9% 22.2% 11.0% 12.4% 15.5% 14.3% 0.15
Stage™**** Localized 31.7% 22.8% 20.6% 46.3% 34.7% 22.2% 35.1% 0.92
(n=515) Advanced 68.3% 77.2% 79.4% 53.8% 65.3% 42.7% 64.9%

GEJ: Gastroesophageal Junction.
HCC: Hepatocellular Carcinoma.
SCC: Squamous Cell Carcinoma.
AMN: Appendiceal Mucinous Neoplasm.
PCN: Pancreatic Cystic Neoplasm.
" p value refers to chi-squared test for categorical variables or t-test for continuous variables for February 1-March 15 vs. March 16-April 30, 2020 only.
" Procedure refers to whether the procedure whereby the tissue was obtained was surgical, endoscopic or percutaneous (performed by interventional radiology). Included from n = 939
where data was known.
™ Specimen refers to whether the pathology tissue was a diagnostic biopsy or a full resection of tumor. Included from n = 940 where data was known.
™ Colorectal includes appendiceal.
" Included from n = 805 where data was known.
™ Localized stage defined as pTO, pT1 or pT2 without any distant disease; advanced stage defined as pT3 or pT4, or the presence of metastatic disease in lymph nodes or distant organs.
Included from n = 515 where data was known.
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Table 2 Clinicopathologic Characteristics of Colorectal Carcinomas in 2020.
Total February 1-March 15 March 16-April 30
N =123(100%) N =95 (77.2%) N =28 (22.8%) p value

Consult 17(13.8) 11(11.6) 6(21.4) 0.18
Age Mean (Standard 66.0(12.6) 65.5(13.1) 68.4(11.0) <0.01

Deviation)
Sex Male 57.7% 56.8% 60.7%

Female 42.3% 43.2% 39.3% 0.72
Race White 42.3% 46.3% 28.6% 0.23

Black 11.4% 11.6% 10.7%

Asian 12.2% 12.6% 10.7%

Other/unknown 34.1% 29.5% 50.0%
Procedure Surgery 60.6% 62.8% 53.5% 0.15
*(n=122) Endoscopy 38.5% 37.2% 42.9%

Percutaneous 0.8% 0.0% 3.6%
Specimen Resection 64.8% 66.0% 60.7% 0.61
**(n=122) Biopsy 35.2% 34.0% 39.3%
Grade*** Well to Moderately 82.2% 82.7% 80.8% 0.82

Differentiated
(n=107) Poorly Differentiated 17.8% 17.3% 19.2%
Stage**** Localized 41.8% 40.3% 47.1% 0.62
(n=79) Advanced 58.2% 59.7% 52.9%

Table excludes appendiceal cancers.

" Procedure refers to whether the procedure whereby the tissue was obtained was surgical, endoscopic or percutaneous (performed by
interventional radiology). Included from n = 122 where data was known.
™ Specimen refers to whether the pathology tissue was a diagnostic biopsy or a full resection of tumor. Included from n = 122 where data

was known.

™ Included from n = 107 where data was known.
™ Localized stage defined as pTO, pT1 or pT2 without any distant disease; advanced stage defined as pT3 or pT4, or the presence of
metastatic disease in lymph nodes or distant organs. Included from n = 79 where data was known.
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surgical procedures for all types of Gl cancers in a U.S. epi-
center of the COVID-19 pandemic. Not surprisingly, we found
that there was a significant decline in overall number of
pathology-yielding procedures for Gl cancers during the
COVID-19 pandemic, with a 57% reduction in total Gl pathol-
ogy specimens submitted. Patients who underwent these
procedures during the COVID-19 period were older, but did
not differ by sex or race. We also found that the number of
resection specimens fell even more than biopsies. Finally,
we found that colorectal cancers were disproportionately
impacted by the pandemic when compared to upper and
extraluminal Gl cancers.

The reasons for this reduction in diagnoses and surger-
ies for cancer during the pandemic are multifaceted.
From the healthcare delivery perspective, elective sur-
geries and procedures were suspended to conserve venti-
lators and personal protective equipment as well as to
maximize medical capacity in the hospital. In fact, many
of the endoscopy suites and post-anesthesia care units
were converted to COVID-19 units during the pandemic.
Additionally, gastroenterologists, surgeons, radiologists
and anesthesiologists were redeployed to COVID-19
wards. An international survey found an 83% reduction in
endoscopy procedure volumes worldwide [16]. From the
patient perspective, social distancing practices along
with fear and anxiety about COVID-19 have led to delays
in seeking medical care [2]. Moving forward, with
resumption of elective procedures, delays in diagnosis
may persist for weeks or months due to ongoing transmis-
sion concerns, unemployment and subsequent loss of
health insurance, and the large number of patients whose
missed procedures need to be triaged for urgency [17].

There are multiple possible explanations for the discrep-
ancy between primary cancer types. Cancers of the upper Gl
and hepatobiliary tracts often present with significant symp-
toms such as obstruction leading to jaundice or dysphagia,
or are evaluated in the inpatient setting where procedures
were still being performed at our hospital. In contrast,
screening and diagnostic procedures for less urgent diagno-
ses such as iron deficiency anemia, which may be the initial
presentation of colorectal cancer, were deferred. Further-
more, pancreatic, hepatobiliary or esophageal cancers con-
tinued to be evaluated by surgeons or therapeutic
endoscopists who maintained hospital- and endoscopy-based
practices throughout the study period, whereas many gen-
eral gastroenterologists were not performing outpatient
endoscopies as per the hospital protocol.

A strength of our study is that it includes procedures from
multiple different disciplines including IR, Gl and surgery.
Additionally, this study describes that patients with colorec-
tal cancer were disproportionately affected, which may
help our colleagues to triage and prepare for future waves
of the pandemic where there may be a significant restriction
in health care resources. In particular, for providers whose
protocols limit use of endoscopy, they should consider how
best to identify patients at high risk of colorectal cancer and
prioritize these patients’ care.

Limitations to this study are that we did not assess delays
to imaging or oncology follow up. Additionally, staging was
only reported on resection specimens based on the tissue
that was submitted to pathology department and may have
been limited by incomplete medical records. We did not find

significant differences in colorectal cancer stage between
the pre-COVID-19 and COVID-19 cohorts; however, this study
is limited to six weeks after the stay-at-home order was
issued and is likely too short a time period to find such an
effect. Finally, this study was limited by the fact that it was
carried out at a single institution.

Given the significant decrease in cancers identified
and treated, it will be imperative to recapture these
patients to mitigate delays in diagnosis and treatment.
Herein we have described the changes in diagnoses that
were seen during the initial surge to help providers be
aware of patients who may have been at risk of delayed
cancer diagnosis. Future studies that evaluate patient
and provider factors leading to delays in surgical and
endoscopic procedures due to COVID, both during the
pandemic and in the months that follow, will be impor-
tant to determine barriers to care. ldentifying and evalu-
ating practices for triaging surgical and endoscopic
procedures is key [11,13,18]. Finally, to understand the
impact of COVID-19 on cancer care as a whole, from
diagnosis to resection to oncological treatment, further
studies are needed to evaluate the long-term impact of
the pandemic on cancer staging, mortality and health
care costs as patients with delayed care may present
with more advanced disease in the coming months and
years. Moving forward, as we face additional waves of
the pandemic where health care resources may be
severely restricted, we must ensure that we are captur-
ing patients whose clinical course will be impacted by
delays in care and not allow their cancer diagnosis to be
missed or their treatment to be postponed.
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