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ABSTRACT

Owing to in-hospital transmission of coronavirus disease 2019 (COVID-19), Uijeongbu St. 
Mary’s Hospital, a university-affiliated hospital in South Korea, was temporarily closed for 
disinfection in March 2020. This study aimed to investigate the impact of both the hospital 
shutdown and the prolonged COVID-19 pandemic on short-term outcomes of colorectal 
cancer (CRC) patients. We retrospectively reviewed the clinicopathologic data of 607 patients 
who were surgically treated for CRC from May 2018 to September 2021. Nodal upstaging, 
higher lymphatic invasion and abdominoperineal resection rates for 3 months after the 
hospital resumed surgery following the shutdown in the first wave of the COVID-19 pandemic 
were detected, without worse short-term morbidity or mortality. The incidence of adverse 
pathologic features of CRC such as lymphatic, venous, and perineural invasion was higher 
throughout the COVID-19 pandemic era. Further follow-up of CRC patients treated in the 
pandemic era for long-term oncologic outcomes is needed.
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In March 2020, in the middle of the first wave of the coronavirus disease 2019 (COVID-19) 
pandemic, COVID-19 outbreaks occurred in two university-affiliated hospitals in Seoul and 
Uijeonbu-si in the northeast region of the metropolis, with epidemiological links between 
the outbreaks.1 Uijeongbu St. Mary’s Hospital, in Uijeonbu-si, was temporarily closed to 
disinfect the hospital and quarantine the patients and staff who had contact with patients 
with COVID-19, and all inpatients and employees were tested for severe acute respiratory 
syndrome-coronavirus-2 using polymerase chain reaction. The period from hospital shutdown 
to complete resumption of services was approximately four weeks. The hospital was the only 
university-affiliated hospital in the northeast area of the metropolis until a new university-
affiliated hospital opened in 2021. Therefore, concerns arose about potential delays in the 
diagnosis and treatment, or disruption of ongoing care of patients with cancer during this 
period. After resumption of the hospital services for a few months, it appeared that the 
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clinical stages of colorectal cancer (CRC) among newly diagnosed patients were higher, and 
the symptoms were more severe than those during the corresponding months in previous 
years. To investigate whether this impression was based upon any evidence, we reviewed the 
clinicopathologic data of patients who underwent surgical treatment for CRC from May 2018 
to September 2021. First, to evaluate the consequences of the temporary hospital shutdown, 
we compared short-term clinicopathologic outcomes of the patients who were treated during 
three months after the hospital reopened (May 11 to August 10, 2020) with patients who were 
treated during the corresponding three-month period in 2018 and 2019. Second, we compared 
clinicopathologic outcomes of CRC patients during the pre-pandemic (May 2018 to March 
2020) and pandemic (April 2020 to September 2021) periods to determine the overall impact 
of the prolonged COVID-19 pandemic. Patients who underwent ileostomy repair or surgical 
intervention due to recurrent disease were excluded if they were under regular surveillance. We 
retrospectively reviewed the medical records of 607 patients with CRC.

All statistical analyses were performed using SPSS version 21 (IBM Corp., Armonk, NY, USA). 
Continuous variables were analyzed using one-way analysis of variance, and categorical 
variables were analyzed using the chi-square test or Fisher’s exact test. P values < 0.05 were 
considered statistically significant.

During the hospital shutdown, 48 CRC patients were in the middle of cycles of chemotherapy 
(CTx) (18 patients under adjuvant CTx and 30 patients under palliative CTx) and two patients 
needed elective surgical resection. The two patients who needed surgery were referred to another 
hospital and underwent surgery elsewhere. Of the patients under CTx, 7 were referred to another 
hospital for CTx, and one was lost to follow-up. In order to minimize disruption of treatment 
continuity, a further 40 patients restarted CTx in our institution after a day care center for cancer 
patients who needed CTx was reopened under the control of an epidemiologist, 10 days after 
the hospital shutdown started. As a result, 24 patients underwent CTx within 2 weeks after their 
scheduled date, and 10 patients had a 2–4 week delay. Six patients refused to undergo CTx during 
the shutdown period and so their CTx schedule was delayed by over 4 weeks.

To assess the impact of the temporary hospital closure, clinicopathological data of two 
groups (May to August 2018 and May to August 2019, n = 92) vs. after hospital reopening, May 
to August 2020, n = 52) were compared. After the hospital reopening, the incidence of node 
metastases (P = 0.037), lymphatic invasion (LI) (P < 0.001), and abdominoperineal resection 
of rectal cancer (P = 0.021) increased. No statistically significant differences were observed 
in demographics, cancer location, T stage, M stage, aggressive histology, venous invasion 
(VI), and perineural invasion (PNI) (Table 1). There were also no significant differences in 
proportion of Medicare receivers (10 [10.9%] vs. 6 [11.5%]), admission via the emergency 
department (29 [31.5%] vs. 18 [34.6%]), higher American Society of Anesthesiologists 
classification (≥ 3) (22 [23.9%] vs. 18 [34.6%]), severe presentation such as ileus and 
panperitonitis (15 [16.3%] vs. 5 [9.6%]), colonic stent insertion (10 [10.9%] vs. 6 [11.5%]), 
cancer perforation (7 [7.6%] vs. 3 [5.8%]), emergency surgery (4 [4.3%] vs. 0 [0%]), 30-day 
morbidity (Clavien-Dindo classification ≥ 3b) (7 [7.6%] vs. 4 [7.7%]), in-hospital mortality (1 
[1.1%] vs. 0 [0%]) or length of hospital stay (8.6 ± 7.9 vs. 8.7 ± 7.3 postoperative days). Among 
patients under the age of 80 years, the proportion who were not compliant with CTx did not 
increase significantly (11 [13.4%] vs. 9 [23.1%], P = 0.198).

Regarding the overall impact of the prolonged COVID-19 pandemic (comparison between 
the pre-pandemic, n = 347 vs. pandemic periods, n = 260), the distribution by TNM stage was 
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changed (P = 0.025); in addition, LI (P < 0.001), VI (P < 0.001) and PNI (P = 0.041) rates were 
significantly higher during the pandemic period (Table 1). Among patients with early CRC 
(TNM stage ≤ 2), LI, VI and PNI increased markedly during the pandemic period (Fig. 1).

Surprisingly, emergency surgery, severe symptom presentation, perioperative morbidity, and 
mortality rates did not increase during the 3 months after the hospital reopening, even though 
the hospital was the only university-affiliated hospital in the northeastern area of the metropolis 
at the time. This suggests that emergency or urgent cases were referred to hospitals outside the 
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Table 1. Impact of the temporary hospital shutdown during the 1st wave of the COVID-19 pandemic and the prolonged COVID-19 pandemic on short-term 
clinicopathologic outcomes of patients with colorectal cancer
Variables Impact of temporary hospital shutdown during the 1st wave of 

the COVID-19 pandemic (n = 144)
Impact of the prolonged COVID-19 pandemic  

(n = 607)
Corresponding periods 

before hospital shutdown  
(May–Aug 2018 & 2019, 

n = 92)

Hospital reopening 
following hospital 

shutdown (May–Aug 
2020, n = 52)

P value Pre-pandemic  
(May 2018–Feb 
2020, n = 347)

Pandemic  
(Mar 2020–Sep 
2021, n = 260)

P value

Age, yr 65.92 ± 12.429 68.69 ± 12.775 0.206 67.11 ± 12.367 68.52 ± 11.671 0.155
Sex (male) 62 (67.4) 37 (71.2) 0.710 215 (62.0) 167 (64.2) 0.611
Location 0.564 0.632

Rt. colon 23 (25.0) 11 (21.2) 105 (30.3) 72 (27.7)
Lt. colon 37 (40.2) 18 (34.6) 124 (35.7) 88 (33.8)
Rectum 30 (32.6) 20 (38.5) 115 (33.1) 96 (36.9)
Double primary 2 (2.2) 3 (5.8) 3 (0.9) 4 (1.5)

Laparoscopic or robot surgery 79 (85.9) 40 (76.9) 0.252 274 (79.0) 229 (88.1) 0.003*

Operation name 0.152 0.158
Right hemicolectomy 23 (25.0) 12 (23.1) 102 (29.4) 68 (26.2)
Left hemicolectomy 6 (6.5) 1 (1.9) 19 (5.5) 14 (5.4)
Anterior resection 29 (31.5) 14 (26.9) 100 (28.8) 64 (24.6)
Low anterior resection 26 (28.3) 12 (23.1) 81 (23.3) 74 (28.5)
APR 4 (4.3) 9 (17.3) 17 (4.9) 25 (9.6)
Hartmann operation 2 (2.2) 2 (3.8) 12 (3.5) 4 (1.5)
Subtotal colectomy 0 (0) 1 (1.9) 7 (2.0) 2 (0.8)
Right hemicolectomy & anterior resection 2 (2.2) 1 (1.9) 1 (0.3) 1 (0.4)
Others 0 (0) 0 (0) 8 (2.3) 8 (3.1)

APR among rectal cancer patientsa 4 (13.3) 9 (45.0) 0.021* 17 (14.8) 24 (25.0) 0.080
T stage 0.408 0.409

Tis 1 (1.1) 1 (1.9) 9 (2.6) 2 (0.8)
T1 14 (15.2) 5 (9.6) 50 (14.7) 30 (11.9)
T2 10 (10.9) 2 (3.8) 34 (10.0) 26 (10.3)
T3 53 (57.6) 33 (63.5) 176 (51.8) 142 (56.3)
T4 14 (15.2) 11 (21.2) 71 (20.9) 52 (20.6)

Regional lymph node metastasis 41 (44.6) 33 (63.5) 0.037* 156 (46.0)b 130 (51.6) 0.184
Distant metastasis 12 (13.0) 8 (15.4) 0.803 75 (21.6) 42 (16.2) 0.097
TNM stage 0.209 0.025*

Stage 0 1 (1.1) 1 (1.9) 10 (2.9) 2 (0.8)
Stage 1 23 (25.0) 6 (11.5) 76 (21.9) 48 (18.5)
Stage 2 25 (27.2) 12 (23.1) 84 (24.2) 68 (26.2)
Stage 3 31 (33.7) 25 (48.1) 102 (29.4) 101 (38.8)
Stage 4 12 (13.0) 8 (15.4) 75 (21.6) 41 (15.8)

Histology (PD or mucinous)c 7 (7.6) 2 (3.8) 0.584 19 (5.7)c 13 (5.3) 0.129
Lymphatic invasiond 34 (37.0) 47 (90.4) < 0.001** 94 (28.2)d 132 (52.4) < 0.001**

Venous invasione 30 (32.6) 23 (44.2) 0.266 102 (30.6)e 154 (61.1) < 0.001**

Perineural invasionf 32 (34.8) 25 (48.1) 0.203 121 (36.2)f 113 (44.8) 0.041*

Data are presented as number (%) or mean ± standard deviation.
COVID-19 = coronavirus disease 2019, Rt. = right, Lt. = left, APR = abdominoperineal resection, PD = poorly-differentiated.
aThe number of the patients with rectal cancer in each group were 30 vs. 20 and 115 vs. 96; bRegional node metastasis status was not available for 8 patients 
in the pre-pandemic group and 8 patients in the pandemic group; cLymphatic invasion status was not available for 14 patients in the pre-pandemic group and 
8 patients in the pandemic group; dVenous invasion status was not available for 14 patients in the pre-pandemic group and 8 patients in the pandemic group; 
fPerineural invasion status was not available for 13 patients in the pre-pandemic group and 8 patients in the pandemic group.
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jurisdiction during the shutdown period. Owing to good control of community spread by the 
testing-tracing-treatment strategy,2 high medical accessibility was maintained during the first 
wave of the COVID-19 pandemic, and patients were able to use the available medical resources. 
We observed higher rate of abdominoperineal resection for rectal cancer, nodal upstaging, and 
more frequent LI after the temporary hospital shutdown period. The prolonged pandemic was 
related to frequent LI, VI, PNI, and change ofthe distribution by TNM stage.

Recent studies of the effect of the COVID-19 pandemic on CRC have shown that the number 
of patients with poor prognostic factors has increased. Lim et al.3 reported an increase in 
LI and the proportion of initially unresectable stage 4 CRC, despite no significant change in 
the overall proportion of stage 4 CRC. Choi et al.4 reported increased surgical aggressiveness 
such as a reduced proportion of minimally invasive surgery, increased combined resection 
rate of adjacent organs and decreased resection potential.
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Fig. 1. Comparison of proportion of lymphatic, venous and perineural invasion in patients with colorectal cancer 
according to TNM stage during the pre-pandemic (May 2018–February 2020) vs. the coronavirus disease 2019 
pandemic (March 2020–September 2021).
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However, the degree of adverse effects of the COVID-19 pandemic on CRC patients seems less 
marked in Korea than in some other countries that have experienced lockdowns. There have 
been reports of disease progression and increased mortality in the Philippines,5 and a large 
decrease in the number of new referrals and elective resection surgeries for CRC in France6 
and England.7 Unlike these reports, Lee et al.8 reported no notable changes in cancer care 
in a study that compared patients diagnosed in 2020 vs in 2019 at Korea University Anam 
Hospital. In addition, there has been no marked upshifting of stage.3,4 The lack of a marked 
change in Korea may be because most medical resources for routine cancer care were not 
restricted during the pandemic. However, as we noted nodal upstaging in the period after 
hospital reopening following the shutdown in this study, limited accessibility to any degree 
can have an adverse effect on the outcome in cancer patients.

Although we did not find nodal upstaging when we analyzed the data throughout the pandemic 
period, the occurrence of LI, VI and PNI increased. Since they are all independent poor 
prognostic factors and patients with stage 2 CRC need to undergo adjuvant chemotherapy if 
any of these high-risk features are present,9,10 attention should be paid to the prognosis of 
CRC patients treated during the pandemic. Recently, there has been a profound resurgence 
of COVID-19 during the fifth wave caused by the Omicron variant. This might have a negative 
effect on CRC management due to delay of surgery caused by absenteeism among surgeons 
and other medical staffs with infection leading to reduced admission capacity in individual 
hospitals, resulting in a decrease in new referrals, elective surgeries, and screening procedures 
for CRC along with increased number of CRC patients with infection. Further examination of 
trends in CRC stage, referral rates for cancer screening and treatment, and long-term oncologic 
outcomes of patients diagnosed and treated during the pandemic era is required

This study has limitations due to its retrospective nature in a single institution.

In conclusion, we found nodal upstaging, higher LI and abdominoperineal resection rate 
after the hospital reopening following a shutdown during the first wave of the COVID-19 
pandemic, without worse short-term morbidity or mortality. We also observed an increased 
occurrence of adverse pathologic features of CRC such as LI, VI and PNI during the COVID-19 
pandemic era. Further follow-up for long-term oncologic outcomes in patients diagnosed 
with CRC during the pandemic is essential.
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