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Abstract

Background: Due to the coronavirus disease 2019 (COVID-19) pandemic, cancer
screening, diagnosis, and treatment have changed. This study aimed to investigate the
impact of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection
prior to gastroenterological cancer surgeries on postoperative complications using
data from a nationwide database in Japan.

Methods: Data on patients who underwent surgery for cancer including esophageal,
gastric, colon, rectal, liver, and pancreatic cancer between July 1, 2019, and September
300, 2022, from real-world sources in Japan were analyzed. The association between
preoperative SARS-CoV-2 infection and short-term postoperative outcomes was
evaluated. A similar analysis stratified according to the interval from SARS-CoV-2 in-
fection to surgery (<4 vs. >4 weeks) was conducted.

Results: In total, 60604 patients were analyzed, and 227 (0.4%) patients were di-

agnosed with SARS-CoV-2 infection preoperatively. The median interval from
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1 | INTRODUCTION

Coronavirus disease 2019 (COVID-19), which is caused by the severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2), was first de-
tected in Wuhan, China. COVID-19 caused a pandemic. In relation to
this, a significant number of surgeries had to be canceled or postponed.
This phenomenon resulted in restrictions on the provision of standard
medical care to several patients with cancer requiring surgery.>? This
health crisis had repercussions on cancer screening, diagnosis, and
treatment.?" Because of limitations in endoscopic screening, there has
been an increase in the number of cancer cases diagnosed at advanced
stages during the pandemic.” In response to the need to allocate med-
ical resources for COVID-19 treatment and prevent hospital-acquired
infections, the Japanese Surgical Society, which comprises 10 major
surgical societies in Japan, emphasized the importance of surgical tri-
age based on the severity of the patients' conditions on April 1, 2020.
Nonurgent surgeries, such as those for benign conditions, were post-
poned. Due to this recommendation, the number of surgeries signifi-
cantly reduced. In particular, the rate of gastroenterological surgeries
decreased by approximately 15% during the COVID-19 pandemic,
based on an analysis of nationwide data in Japan.®

To assess surgical outcomes in this unusual situation, we inves-
tigated the trends in complication and mortality rates for gastroen-
terological cancer surgeries, including esophagectomy and distal
gastrectomy, before and during the COVID-19 pandemic.®’ Our
findings revealed that surgical safety can be maintained even in
cases in which healthcare resources are constrained. However, the
association between SARS-CoV-2 infection and the development of
postoperative complications remains unknown.

To date, several reports have shown that prior SARS-CoV-2
infection has a negative impact on postoperative outcomes, par-
ticularly the development of pulmonary complications, after elec-
tive surgeries.8** The COVIDSurg Collaborative first showed that
an increased risk of surgical mortality lasted for 7 weeks after an
acute SARS-CoV-2 infection.!! Moreover, Verhagen et al. showed
that a previous history of COVID-19 infection is an independent
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SARS-CoV-2 infection to surgery was 25 days. Patients diagnosed with SARS-CoV-2
infection preoperatively had a significantly higher incidence of pneumonia (odds ratio:
2.05; 95% confidence interval: 1.05-3.74; p=0.036) than those not diagnosed with
SARS-CoV-2 infection based on the exact logistic regression analysis adjusted for the
characteristics of the patients. A similar finding was observed in patients who had
SARS-CoV-2 infection <4 weeks before surgery.

Conclusions: Patients with a history of SARS-CoV-2 infection had a significantly
higher incidence of pneumonia. This finding can be particularly valuable for countries
that have implemented strict regulations in response to the COVID-19 pandemic and

have lower SARS-CoV-2 infection-related mortality rates.

gastroenterological cancer surgery, nationwide database, SARS-CoV-2 infection

risk factor for adverse surgical outcomes. Moreover, the risk re-
mains elevated for 12weeks after SARS-CoV-2 infection based
on the N3C Data Enclave, which is a health data platform com-
prising >18000000 patients in the United States.'” Although
these studies have obtained important findings regarding surgi-
cal management during the COVID-19 pandemic, they encompass
various surgical specialties, such as neurosurgery, plastic surgery,
general surgery, and urological surgery, each differs in terms of
invasiveness. To date, no studies have focused on the impact of
COVID-19 infection on patients awaiting gastroenterological can-
cer surgeries. Patients with cancer are generally immunocompro-
mised. Patients with COVID-19 infection may present with more
severe diseases than those who are not immunocompromised,
which could significantly affect postoperative outcomes.®’
Furthermore, the measures taken in response to the COVID-19
pandemic varied significantly between Western and East Asian
countries, which can lead to different outcomes. Therefore, a de-
tailed examination at the national level is required.

This study aimed to investigate the impact of SARS-CoV-2 infec-
tion on short-term outcomes after gastroenterological cancer sur-
geries using data from a nationwide database in Japan. This evidence
could be particularly valuable for countries that have implemented
strict regulations in response to the COVID-19 pandemic and have
lower SARS-CoV-2 infection-related mortality rates.

2 | METHODS

2.1 | Database and patient selection

This retrospective cohort study utilized the Japan Medical Data
Center database, which is one of the most frequently used real-
world data sources in Japan and provides access to insurance data
for over 16 million individuals.'® Each patient was assigned with a
unique and anonymized identification number, thereby allowing for
the chronological tracking of data related to their visits to facilities.
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Information on outcomes, such as mortality and morbidity, can be
obtained from these anonymized personal identification numbers.
The researchers were provided with data containing these unique
identification numbers. However, no personal information about the
patients, such as their names or addresses, was accessible.

In this study, data on patients who underwent surgery for primary
cancer including esophageal (International Classification of Diseases,
Tenth Revision (ICD-10): C15), gastric (C16), colon (C18), rectal (C20,
C21), liver (C22), and pancreatic (C25) cancer between July 1, 2019,
and September 30, 2022, were collected and analyzed. To maintain
the quality of the dataset, we included data that had a 1-year (365 days)
look-back period, did not include cancer-related treatment (surgery,
chemotherapy, radiation, or nonsurgical management; File S1) for the
target condition during the look-back period, and had a tracking period
of no less than 90days. The date of cancer diagnosis for the target
condition was defined as the entry point (index time) into the cohort.
Data on the background characteristics of the patients, clinical cancer
stage using TNM classification, and short-term outcomes stratified ac-
cording to preoperative SARS-CoV-2 infection were compared.’” The
association between preoperative SARS-CoV-2 infection and short-
term outcomes was analyzed based on the interval from SARS-CoV-2
infection to surgery (<4 vs. >4 weeks).®

Data on the primary outcomes, which included the rates of overall
complications, pneumonia, anastomotic leakage, surgical site infection,
pulmonary embolism, deep vein thrombosis, respiratory failure, kidney
injury, arrhythmia, hemorrhage, cardiac infarction, cerebral infarction,
pancreatic fistula, and biliary fistula were extracted from the database
(File S1). Cancer stage was determined according to the TNM classi-
fication.’ The Institutional Review Board of the School of Medicine,
Keio University, approved the study protocol, and the need for an indi-

vidual written informed consent was waived (ID: 20221157).

2.2 | Statistical analysis

Ordinal variables were analyzed using the Wilcoxon's rank-sum test,
and categorical variables were examined using the chi-square test
or the Fisher's exact test, as appropriate. Moreover, exact logistic
regression analyses of primary outcomes were conducted after ad-
justing for sex, age, smoking status, body mass index, Barthel index
(during hospitalization), TNM stage, and cancer type. Two-sided p-
values <0.05 were considered to indicate statistical significance. All
statistical analyses were performed using R version 4.2.3 (2023; R

Foundation for Statistical Computing, Vienna, Austria).

3 | RESULTS

3.1 | Background characteristics of the participants
In total, 60604 patients who underwent surgery for primary cancer
were analyzed. Among them, 1181 (1.9%) underwent surgery for es-
ophageal cancer, 15456 (25.5%) for gastric cancer, 27019 (44.6%)

for colon cancer, 10521 (17.4%) for rectal cancer, 2070 (3.4%) for
liver cancer, and 2684 (4.4%) for pancreatic cancer. The patient pop-
ulation comprised 36627 (60.4%) men and 23977 (39.6%) women,
with a median age of 73 (interquartile range [IQR]: 66-80) years.
Table 1 shows the other clinicopathological characteristics of the
participants.

Further, 227 (0.4%) patients were diagnosed with SARS-CoV-2
infection preoperatively. Meanwhile, 60377 (99.6%) patients did
not develop SARS-CoV-2 infection preoperatively. The background
characteristics of patients who had SARS-CoV-2 infection and those
who did not were compared. Results showed a significant difference
in terms of Barthel index (p<0.001), T stage (p<0.001), N stage
(p<0.001), and M stage (p<0.001). However, there was no signifi-

cant difference in terms of other factors such as age and sex.

3.2 | Association between complications and
SARS-CoV-2 infection

In total, 6278 (10.4%) patients developed complications. Pneumonia
(n=1362, 2.25%) was the most common complication, followed by
respiratory failure (n=1333, 2.20%), anastomotic leakage (n=1084,
1.79%), and surgical site infection (n=1020, 1.68%). The associa-
tion between the development of complications and preoperative
SARS-CoV-2 infection was investigated using the Fisher's exact test.
Patients diagnosed with SARS-CoV-2 infection preoperatively had
a significantly higher incidence of pneumonia than those who were
not diagnosed (p=0.002). Pneumonia was also considered a signifi-
cant complication based on the exact logistic regression adjusted
for sex, age, smoking status, body mass index, Barthel index (dur-
ing hospitalization), TNM stage, and cancer type (odds ratio: 2.05;
95% confidence interval: 1.05-3.74; p=0.036) (Table 2, Figure 1).
Furthermore, anastomotic leakage was also a related factor (odds
ratio: 1.84; 95% confidence interval: 0.81-3.73; p=0.131). Table S1
showed a multivariable analysis for the occurrence of pneumonia
and anastomotic leakage. In addition to SARS-CoV-2 infection, age,
sex, and cancer type were identified as related factors for pneumo-
nia. Whereas sex and cancer type were identified as related factors
for anastomotic leakage.

The medianinterval from infection onset to surgery in patients di-
agnosed with SARS-CoV-2 infection was 25 (IQR: 6-70) days. Among
them, 118 (52.0%) patients were diagnosed with SARS-CoV-2 infec-
tion <4 weeks before surgery. Only five (2.2%) patients had severe
infection, and one patient received ventilator management. Four pa-
tients were admitted to the intensive care unit (Table 3). A subgroup
analysis of the interval from SARS-CoV-2 infection to surgery was
also performed. Patients (n=118) who had SARS-CoV-2 infection
<4weeks before surgery were more likely to present with overall
complications (odds ratio: 1.57; 95% confidence interval: 0.92-2.59;
p=0.095) and pneumonia (odds ratio: 2.31; 95% confidence interval:
0.92-5.09; p=0.071) than patients who did not present with SARS-
CoV-2 infection <4 weeks before surgery. Conversely, patients who
did not have SARS-CoV-2 infection <4 weeks before surgery were
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TABLE 1 Characteristics of the patients.

Characteristics

Female sex
Age, median (IQR)
Smoker
No
Yes
Unknown
BMI, kg/m?
<25
225
Unknown
Barthel index
<100
100

Unknown

TO
Tis
T1
T2
T3
T4
TX

Unknown

NO
N1
N2
N3
N4
NX

Unknown

MO

M1

MX

Unknown
Esophageal cancer
Gastric cancer
Colon cancer
Rectal cancer
Liver cancer

Pancreatic cancer

Abbreviations: BMI, body mass index; IQR, interquartile range.

All patients N=60604

23977 (39.6%)
73 (66-80)

31076 (51.3%)
22292 (36.8%)
7236 (11.9%)

40773 (67.3%)
11601 (19.1%)
8230 (13.6%)

7116 (11.7%)
50513 (83.3%)
2975 (4.9%)

95 (0.2%)
746 (1.2%)
11322 (18.7%)
8467 (14.0%)
20231 (33.4%)
11018 (18.2%)
3310 (5.5%)
5415 (8.9%)

31082 (51.3%)

12463 (20.6%)

6286 (10.4%)
1907 (3.1%)
8(0.0%)
3444 (5.7%)
5414 (8.9%)

47398 (78.2%)
4737 (7.8%)
3056 (5.0%)
5413 (8.9%)
1181 (1.9%)

15456 (25.5%)

27019 (44.6%)

10521 (17.4%)
2070 (3.4%)
2684 (4.4%)

Patients without SARS-CoV-2

infectionn=60377

23895 (39.6%)
73 (66-80)

30960 (51.3%)
22213 (36.8%)
7204 (11.9%)

40631 (67.3%)
11554 (19.1%)
8192 (13.6%)

7081 (11.7%)
50342 (83.4%)
2954 (4.9%)

95 (0.2%)
742 (1.2%)
11285 (18.7%)
8436 (14.0%)
20171 (33.4%)
10978 (18.2%)
3300 (5.5%)
(

5370 (8.9%)

30984 (51.3%)
12422 (20.6%)
6259 (10.4%)
1902 (3.2%)
8(0.0%)

3433 (5.7%)
5369 (8.9%)

47244 (78.2%)
4718 (7.8%)
3047 (5.0%)
5368 (8.9%)
1175 (1.9%)

15401 (25.5%)

26917 (44.6%)

10481 (17.4%)
2064 (3.4%)
2668 (4.4%)

- e - 945
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Patients with SARS-CoV-2

infection n=227 p-value
82(36.1%) 0.320
74 (68-81) 0.253

116 (51.1%) 0.568
79 (34.8%)
32 (14.1%)

142 (62.6%) 0.256
47 (20.7%)
38 (16.7%)

35 (15.4%) 0.001
171 (75.3%)
21 (9.3%)

0(0.0%) <0.001
4(1.8%)

37 (16.3%)

31 (13.7%)

60 (26.4%)

40 (17.6%)

10 (4.4%)

45 (19.8%)

8(43.2%) <0.001
1(18.1%)

7 (11.9%)

5(2.2%)

0(0.0%)

1(4.8%)

5(19.8%)

154 (67.8%) <0.001
19 (8.4%)
9 (4.0%)
45 (19.8%)
6 (2.6%) 0.605
55 (24.2%) 0.715
102 (44.9%) 0.968
40 (17.6%) 0.987
6 (2.6%) 0.646
16 (7.0%) 0.078
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more likely to exhibit respiratory failure compared with patients
who had SARS-CoV-2 infection <4 weeks before surgery based on
the exact logistic analysis (odds ratio: 0.28; 95% confidence interval:
<0.001-0.96; p=0.046) (Table 4). The difference in background and
outcome for patients who had SARS-CoV-2 infection <4 weeks be-
fore surgery and that of >4 weeks before surgery was summarized
in Tables S2 and S3.

4 | DISCUSSION

This study showed that patients with a history of SARS-CoV-2 infec-
tion had a significantly higher incidence of pneumonia. Moreover,
this finding was observed in patients who were infected with SARS-
CoV-2 <4 weeks before surgery. To the best of our knowledge, this
study first assessed the association between preoperative SARS-
CoV-2 infection and the risk of postoperative complications in pa-
tients with gastroenterological cancer using data obtained from a
nationwide database in Japan.

To date, several reports have shown that SARS-CoV-2 infection
has a negative impact on perioperative outcomes.B#2921 |y the
early period of the COVID pandemic, an international cohort study
revealed that postoperative pulmonary complications were ob-
served in half of patients with perioperative SARS-CoV-2 infection.
Further, this research found that these complications are associated
with high mortality rates.?? The COVIDSurg Collaborative, which is
a platform of studies aiming to explore the impact of COVID-19 in
surgical patients and services, revealed that patients with periop-
erative COVID-19 had worse short-term outcomes, which included
mortality, longer length of hospitalization, and morbidities such as
septic shock.!! Other studies, including ours, have also reached a
similar conclusion. That is, perioperative SARS-CoV-2 infection is
associated with the development of complications, particularly pul-
monary complications. However, this is the only study that focused
on gastroenterological cancer surgery, which is a highly invasive
procedure with high complication rates. Patients with gastroenter-
ological cancer have a weak immune system; hence, they are more
susceptible to viral infections than those with benign diseases.*¢”
We hypothesized that these patients are more likely to exhibit se-
vere outcomes and complications due to preoperative COVID-19 in-
fection. Moreover, previous studies focused on specific populations
from Europe and the United States, which had higher infection rates
in different types of surgeries than Asian countries. Our results can
provide important data on countries that have implemented strict
regulations in response to the COVID-19 pandemic.

In the current study, in addition to pulmonary complications,
anastomotic leakage was also frequently observed in patients with
SARS-CoV-2 infection. The increase in the rates of pulmonary com-
plications due to preoperative SARS-CoV-2 infection is reasonable.

A previous study revealed that >60% of patients who had infection

had persistent lung abnormalities, such as subtle ground-glass opac-
ities, and 20% had overt fibrotic lesions.?> These abnormalities
may also have a negative impact on pulmonary function even after
surgery, resulting in the development of pneumonia. Furthermore,
SARS-CoV-2 infection has a negative impact on multiple organ func-
tion. That is, it causes not only pulmonary but also cardiovascular,
endocrine, gastrointestinal, and renal damage, which are risk fac-
tors for anastomotic leakage.?*2¢ In previous reports, the incidence
of other non-pulmonary complications such as acute renal failure,
septic shock, thromboembolic complications, and ischemic stroke
significantly increased due to SARS-CoV-2 infection.®® Based on
these findings, these complications are associated with adverse ef-
fects on multiple organs. Therefore, surgeries must be performed
cautiously because of the increased risk of various complications,
including pulmonary complications.

Recent studies have investigated the optimal interval from SARS-
CoV-2 infection to surgery. First, the result from the COVIDSurg
Collaborative, which showed that SARS-CoV-2 infection had a nega-
tive impact on mortality after surgery, focused on patients who had
SARS-CoV-2 infection diagnosed within 7days before or 30days
after surgery.22 Based on this report, the Japanese Surgical Society
recommends that patients with risk factors such as old age, smoking
history, multiple comorbidities, and preexisting respiratory dysfunc-
tion should be managed with caution, with consideration of surgical
indications. Moreover, Deng et al. showed that surgery performed
within 8 weeks after SARS-CoV-2 infection is related to the devel-
opment of pneumonia. Meanwhile, surgery performed 8 weeks after
infection is not associated with an increased incidence of complica-
tions, including pneumonia.® They concluded that patients can safely
undergo elective, nonemergent surgery after at least 8 weeks from
the first date of confirmed recent SARS-CoV-2 infection. Our result
is consistent with these results. That is, an interval of 4weeks from
SARS-CoV-2 infection to surgery may lead to poor short-term out-
comes. Surgical procedures can be safely performed from an interval
of at least 4weeks after the diagnosis of infection. Conversely, our
study showed that patients who were not infected with SARS-CoV-2
were more likely to develop respiratory failure compared with those
who had been infected with SARS-CoV-2 at least 4weeks prior to
surgery. Although the reason for this finding remains unclear, this
result supports the fact that an interval of 4weeks after infection
may relieve the negative impact of SARS-CoV-2 infection on surgical
outcomes. This finding is rather important for the patients who have
malignant tumors that need to be treated as quickly as possible.

The severity of SARS-CoV-2 infection is associated with the de-
velopment of complications, particularly respiratory failure. Due to
the implementation of severe regulations during the pandemic, the
number of patients with severe infection in Japan was lower than
that in Western countries. That is, only five patients with severe
infection were observed in the current analysis. Thus, the associa-

tion between the severity of infection and the short-term outcomes
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All patients 0-4 weeks > 4 weeks

Outcome Adjusted OR Adjusted OR Adjusted OR

All complication 1.08 (0.70, 1.62) ’ 1.57 (0.92, 2.59) .' 0.62 (0.28, 1.24) —lll
Pneumonia 2.05(1.05,3.74) - 2.31(0.92, 5.09) lm 1.78 (0.61,4.31) m-
Anastomotic leakage 1.84 (0.81,3.73) - 2.18 (0.74, 5.39) i=- 1.47 (0.36, 4.36) -
ssl 0.70 (0.18, 1.98) —u- 142 (0.35, 4.11) — 0.33 (<0.001, 1.11) —a
PE 2.57 (<0.001, 9.61) — 5.79 (<0001, 22.31) — 5.03 (<0.001, 22.16) ——
DVT 1.18(0.19, 4.05) — 2.25 (0.36, 8.06) — 0.88 (<0.001, 2.99) —
Respiratory failure 0.92(0.33, 2.13) - 1.73 (0.59, 4.19) - 0.28 (<0.001, 0.96) —
Kidney injury 0.63 (<0.001, +Infinity) <—I:—> 1.02 (<0.001, 3.62) 4—*— 1.71 (<0.001, 5.94) <—:I—
Arrhythmia 1.40 (0.2, 5.16) —:I— 1.27 (0.05, 8.14) —:'— 1.55 (0.08, 8.20) —:I—
Hemorrhage 0.19 (<0.001, +Infinity) <—l—:—> 0.37 (<0.001, 1.29) 4—.—:- 0.40 (<0.001, 1.35) <—I—It
Cardiac infarction 5.46 (<0.001, 20.61) — 8.31 (<0.001, 34.10) — 18.23 (<0.001, 77.62) ——a
Cerebral infarction 0.70 (<0.001, 2.54) —u 1.09 (<0.001, 4.35) — 2.09 (<0.001, 7.37) —
Pancreatic fistula 0.49 (0.02, 2.62) — 0.87 (0.04, 4.85) — 0.82 (<0.001, 2.92) —a
Biliary fistula 2.43 (<0.001, 8.90) — 10.71 (<0.001, 42.15) — 3.24 (<0.001, 12.42) —
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FIGURE 1 Adjusted odds ratio of the incidence of each complication in all patients and patients with an interval from SARS-CoV-2

infection to surgery of <4 or >4 weeks.

TABLE 3 Detailed information about SARS-CoV-2 infection.

Patients with SARS-CoV-2

Variables infection (+) n=227

Duration from SARS-CoV-2 infection
to surgery (days), median (IQR)

25 (6, 70)

Duration from SARS-CoV-2 infection to surgery, no. (%)

<4 weeks 118 (52.0%)

>4 weeks 109 (48.0%)
Severe cases, no. (%) 5(2.2%)
Ventilator management, no. (%) 1(0.4%)
ICU admission, no. (%) 4 (1.8%)

Abbreviations: ICU, intensive care unit; IQR, interquartile range.

could not be evaluated. Nevertheless, more studies with a larger
number of patients should be performed.

This study had several limitations. First, not only viral infection
itself but also other factors can be related to the development of
complications in patients who had SARS-CoV-2 infection. These pa-
tients might not have undergone sufficient preoperative assessment
and rehabilitation due to the infection, which could have led to com-
plications. Since several studies have reported an association be-
tween preoperative infection and postoperative outcome, it remains
unclear whether the adverse effect of infection on postoperative
outcome is only observed in SARS-CoV-2 infection.?”"?° However,
in this century when surgery has become the standard of care for
malignancies, no other infection is as prevalent as SARS-CoV-2 in-
fection, and this finding is important for many people. Second, we
cannot confirm whether the preoperative pneumonia caused by
SARS-CoV-2 infection was indeed cured by the time of surgery.
However, we speculate that Japanese surgeons may not perform
surgery if there is residual pneumonia caused by SARS-CoV-2 infec-
tion. This is because we always check the infectious status and X-
rays to examine the patient's condition before surgery as a routine.
In addition, the results can be beneficial in the gastroenterological

field. However, due to the limited number of patients with SARS-
CoV-2 infection, the impact of infection on each surgical proce-
dure such as gastrectomy and esophagectomy was not evaluated.
Therefore, the exact logistic regression analysis adjusted for cancer
type was performed to confirm the validity of our findings. Third, the
effect of vaccination in inhibiting the development of complications
is unknown because information on vaccination history could not be
obtained from the database. Moreover, the number of patients with
SARS-CoV-2 infection was extremely small. Hence, comparisons ac-
cording to strain or wave could not be performed. The look-back
period was set at 90 days to maintain the quality of the dataset. This
resulted in a lack of data on operative mortality. Fourth, the change
in surgical indications could not be analyzed. Several treatment op-
tions, including chemotherapy, radiotherapy, chemoradiotherapy,
and endoscopic resection, could be considered for patients with
cancer. Thus, the change in the number of patients who had under-
gone nonsurgical treatment should also be investigated. Fifth, the
only data for patients who were admitted to the ICU or used venti-
lators was available as a breakdown of severity. However, we did not
focus on the analysis of the association between complications and
severity of SARS-CoV-2 infection in the present study. In addition,
the use of steroids is important to evaluate the short-term outcome
after surgery. However, we did not pick up data on steroid use be-
cause our database could not determine the purpose of steroid use,
whether steroids were used to treat SARS-CoV-2 infection or co-
morbidities. Finally, the negative impact of the pandemic on cancer
treatment, not only short- but also long-term outcomes, which are
important limitations, should be assessed.

In conclusion, patients with a history of SARS-CoV-2 infection
had a significantly higher incidence of pneumonia. Moreover, this
finding was observed in patients who were infected with SARS-
CoV-2 <4 weeks before surgery. To the best of our knowledge, this
study first showed the association between preoperative SARS-
CoV-2 infection and the risk of postoperative complications in pa-
tients with gastroenterological cancer using data obtained from a
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nationwide database in Japan. Our findings can be valuable for
countries that have implemented strict regulations in response to
the COVID-19 pandemic and have lower SARS-CoV-2 infection-
related mortality rates.
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