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Purpose: Coronavirus disease 2019 (COVID-19) has affected many parts of daily life and healthcare, including cancer 
screening and diagnosis. The purpose of this study was to determine whether there was an upshift in the colorectal cancer 
stage at diagnosis due to delays related to the COVID-19 outbreak.
Methods: From January to June of each year from 2017 to 2020, a total of 3,229 patients who were first diagnosed with 
colorectal cancer were retrospectively reviewed. Those enrolled from 2017 to 2019 were classified as the ‘pre-COVID’ 
group, and those enrolled in 2020 were classified as the ‘COVID’ group. The primary outcome was the rate of stage IV 
disease at the time of diagnosis.
Results: There was no statistically significant difference in the proportion of stage IV patients between the pre-COVID 
and COVID groups (P = 0.19). The median preoperative carcinoembryonic antigen level in the COVID group was higher 
than in the pre-COVID group in all stages (all P < 0.05). In stage I, II patients who underwent radical surgery, the lym-
phatic invasion was more presented in COVID patients (P = 0.009).
Conclusion: We did not find significant stage upshifting in colorectal cancer during the COVID-19 outbreak. However, 
there were more initially unresectable stage IV colorectal cancer patients with a low conversion rate to resectable status, 
and more patients had factors related to poor prognosis. These results may become more apparent over time, so it is vital 
not to neglect cancer screening to not delay the diagnosis during the COVID-19 epidemic.
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INTRODUCTION

Since the first outbreak of coronavirus disease 2019 (COVID-19) 
in Wuhan, China, in December 2019, it has spread worldwide. In 
many countries, the number of cases of COVID-19 infections has 
increased rapidly, and the World Health Organization (WHO) 
declared COVID-19 to be a pandemic on March 11, 2020. Cumu-
lative infections total over 36 million, with over 1 million deaths 

recorded as of October 2020 [1]. The COVID-19 outbreak has 
had significant impacts on daily life. Many countries have imple-
mented ‘lock-down’ policies to prevent the spread of COVID-19 
and restrict people’s movement in different ways. In addition to 
this, many hospitals were shut down. It has reduced people’s ac-
cess to healthcare and lowered cancer screening rates, leading to 
lower cancer diagnosis rates, including colorectal cancer [2-4].

Since January 2020, when the first COVID-19 occurred in Ko-
rea, approximately 25,000 confirmed cases of COVID-19 and 430 
deaths have been recorded (as of October 2020) [5]. South Korea 
has relatively low mobility restrictions and is a country with a rea-
sonably good quarantine system, so there was no remarkable de-
crease in direct access to hospitals. However, according to the data 
of Health Insurance Review and Assessment Service, the number 
of colonoscopies performed significantly decreased from January 
to March 2020 [6]. It is assumed that it decreased as in other 
countries not because of the difficulty of accessing healthcare but 
because of the fear of contacting other people.
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The purpose of this study was to determine whether the num-
ber of patients diagnosed with colorectal cancer after the CO-
VID-19 outbreak decreased and whether there was an upshift in 
stage at diagnosis. 

METHODS

This study retrospectively reviewed data collected at a single ter-
tiary colorectal cancer center. We enrolled a total of 3,229 patients 
diagnosed with colorectal cancer for the first time from January 
to June of each year from 2017 to 2020. In 2017, 2018, 2019, and 
2020, 761, 808, 945, and 715 patients visited Samsung Medical 
Center (Seoul, Korea), respectively. 2017 to 2019 was classified as 
the pre-COVID group, and 2020 was classified as the COVID 
group.

Initial work-up included carcinoembryonic antigen (CEA) level, 
colonoscopy, esophagogastroscopy, abdomen and pelvis com-
puted tomography (CT), chest CT, and rectum magnetic reso-
nance imaging (MRI) if the tumor location was in the rectum. 
Further evaluation such as liver MRI or positron emission tomog-
raphy/CT was done selectively if necessary. According to the re-
sults of these tests, a multidisciplinary team was formed to deter-
mine the treatment plan for patients with metastasis or other or-
gan invasions, including whether to perform surgery immediately 
or administer chemotherapy. The FOLFOX/FOLFIRI plus beva-
cizumab or cetuximab was the usual first-line of chemotherapy 
for metastatic colorectal cancer. Although there is no exact proto-
col for the evaluation of operability after chemotherapy, generally, 
after 6 cycles of chemotherapy, stage IV patients rediscussed when 
to have surgery and decided whether to continue chemotherapy 
or conduct surgery and other local therapy such as radiofre-
quency ablation or radiotherapy and then reevaluated after 12 cy-
cles of chemotherapy. However, this duration of chemotherapy 
until the operability was rediscussed differed according to the 
opinions of individual oncologists.  

The clinical and pathologic stages were determined based on the 
8th edition of the American Joint Committee for Cancer. Col-
lected baseline characteristics included age, sex, body mass index 
(BMI), initial CEA level, and the American Society of Anesthesi-
ologists (ASA) physical status (PS) classification. A CEA level that 
exceeded 5 ng/mL was defined as elevated. We obtained patho-
logic TNM stage, lymphovascular invasion, perineural invasion, 
and tumor budding for all patients who underwent surgery. We 
analyzed patients’ overall characteristics in the pre-COVID and 
COVID groups and subanalyzed stage IV patients and stage I–III 
patients who underwent surgery without neoadjuvant therapy. 

The primary outcome was the rate of stage IV disease at the 
time of diagnosis. The secondary outcomes were pathologic stage 
and prognostic factors (lymphovascular invasion, perineural in-
vasion, and tumor budding) among non-stage IV patients who 
underwent surgery without neoadjuvant therapy.

Categorical variables were compared using the chi-square or the 

Fisher exact test as needed, and continuous variables were ana-
lyzed using Student t-test or Mann-Whitney U-tests. Normality 
of data was checked using the Shapiro-Wilk test. All analyses were 
performed using IBM SPSS Statistics ver. 25.0 (IBM Corp., Ar-
monk, NY, USA), and a P-value of < 0.05 was considered statisti-
cally significant. 

Approval was obtained and the informed consent requirement 
was waived from the Institutional Review Board of Samsung 
Medical Center (No. SMC 2020-07-068). 

RESULTS

A total of 3,229 patients were included in this study. From January 
to June of each year from 2017 to 2019 (pre-COVID), 2,514 pa-
tients visited Samsung Medical Center (in 2017, 2018, and 2019 a 
total of 761, 808, and 945 patients, respectively) after being diag-
nosed with colorectal cancer for the first time, and from January 
to June of 2020 (COVID), 715 patients visited (Fig. 1). 

The median age of pre-COVID and COVID was 61 years, and 
there was no statistically significant difference in cancer obstruc-
tion or perforation. The median preoperative CEA level in the pre-
COVID group was 2.01 ng/mL but was 3.35 ng/mL in the COVID 
group (P< 0.0001). The proportion of patients with elevated CEA 
value (> 5 ng/mL) was significantly higher in the COVID period 
than in the pre-COVID period (36.2% vs. 21.6%, P < 0.0001). 
Moreover, the percentage of surgical candidates was lower during 
the COVID outbreak (73.57% vs. 82.18%, P< 0.0001). Although 
the ratio of stage IV patients was slightly higher (Table 1).

Among stage IV patients, the median CEA level of the COVID 
group was 14.7 ng/mL, in contrast to 8.59 ng/mL in the pre-CO-
VID group (P= 0.021). The difference in the proportion of pa-
tients with an elevated CEA level did not show significance (pre-
COVID vs. COVID, 61.8% vs. 69.1%; P= 0.163). The proportion 
of stage IV patients who were initially unresectable was 91.0% in 
the COVID group with a 12.3% conversion rate to resectable sta-
tus and 82.8% in the pre-COVID group with a 20.7% conversion 

Fig. 1. The trend of changes in the number of outpatient colorectal 
cancer patients by year.
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rate (all P< 0.05) (Table 2).
Among stage I–III patients who underwent radical surgery 

without any neoadjuvant therapy such as chemotherapy or 
chemoradiotherapy, there were no differences in age, sex, BMI, 
ASA PS classification, or the proportion of hereditary colon can-
cer between the pre-COVID and COVID subgroups. The CO-
VID subgroup had a higher median CEA value (1.69 ng/mL vs. 
2.87 ng/mL, P< 0.0001) and a higher proportion of patients who 
showed elevated CEA level (12.9% vs. 29.1%, P< 0.0001) than the 
pre-COVID subgroup. However, there was no difference in stage, 
T classification, or N classification between the 2 groups. How-
ever, among stage I and II colorectal cancer patients, the lymphatic 
invasion was more common during the COVID-19 outbreak than 

before (pre-COVID vs. COVID, 14.9% vs. 22.1%; P = 0.009). 
Other factors such as vascular invasion, perineural invasion, and 
tumor budding were similar between groups (Table 3). 

DISCUSSION

Several studies have explored the impacts of COVID-19 on en-
doscopy volume and delayed diagnosis [2-4]. Colonoscopy is es-
sential for the diagnosis of colon cancer, and in the COVID-19 
pandemic, decreased volume of colonoscopy can delay the diag-
nosis of colon cancer. In Lui et al. [2], endoscopy volumes 
dropped more than 50%, and the number of patients diagnosed 
with colorectal cancer dropped 38.1% in Hong Kong after the 

Table 1. Demographics and clinical data of all stage patients (n = 3,229)

Variable Pre-COVID (2017–2019) COVID (2020) P-value

No. of patients 2,514 715

Age (yr)a 61 (18–90) 61 (17–97) 0.80

Sex 0.64

Male 1,484 (59.0) 415 (58.0)

Female 1,030 (41.0) 300 (42.0)

Body mass indexb (kg/m2) 23.72 (14.41–40.72) 23.62 (12.76–44.69) 0.72

Preoperative CEAa (ng/mL) 2.01 (0.5–8,020) 3.35 (0.3–19,110) < 0.0001

Elevated preoperative CEA, > 5 ng/mL 525 (21.6) 242 (36.2)  < 0.0001

Cancer obstruction 387 (15.4) 104 (14.5) 0.577

Stent insertion 178 (46.0) 58 (55.8) 0.107

Stoma formation 26 (6.7) 2 (1.9)

Bypass 1 (0.3) 0 (0)

Cancer perforation 31 (1.2) 11 (1.5) 0.524

Surgery 2,066 (82.2) 526 (73.6) < 0.0001

Stage IV 419 (16.7) 134 (18.7) 0.19

Values are presented as number only, amedian (range), number (%), or bmean (range).    
COVID, coronavirus disease; CEA, carcinoembryonic antigen.

Table 2. Characteristic of stage IV patients (n = 553)

Variable Pre-COVID (2017–2019) COVID (2020) P-value

No. of patients 419 (16.7) 134 (18.7)

Preoperative CEA (ng/mL) 8.59 (0.5–8,020) 14.7 (0.72–19,110) 0.021

Elevated preoperative CEA, > 5 ng/mL 233 (61.8) 76 (69.1)  0.163

Stage IVA 234 (55.8) 69 (51.5) 0.366

Stage IVB 88 (21.0) 36 (26.9)

Stage IVC 97 (23.2) 29 (21.6)

Initially unresectable 347 (82.8) 122 (91.0) 0.021

Conversion to resectable 72 (20.7) 15 (12.3) 0.039

Values are presented as number (%) or median (range).    
COVID, coronavirus disease; CEA, carcinoembryonic antigen.
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Table 3.Characteristics of patients who had done curative surgery without neoadjuvant therapy (n = 1,928)

Variable Pre-COVID (2017–2019) COVID (2020) P-value

No. of patients 1,522 406

Agea (yr) 62 (19–89) 62 (17–92) 0.235

Sex 0.943

Male 854 (56.1) 227 (55.9)

Female 668 (43.9) 179 (44.1)

Body mass indexb (kg/m2) 23.92 (14.41–37.27) 23.84 (12.75–44.69) 0.893

ASA PS classification 0.650

I 438 (28.8) 114 (28.1)

II 963 (63.3) 255 (62.8)

III 115 (7.6) 34 (8.4)

IV 5 (0.3) 3 (0.7)

Hereditary colon cancer  0.335

HNPCC 13 (0.9) 4 (1.0)

FAP 6 (0.4) 4 (1.0)

Preoperative CEAa (ng/mL) 1.69 (0.5–342.86) 2.87 (0.3–268.00) < 0.0001

Elevated preoperative CEA, > 5 ng/mL 196 (12.9) 118 (29.1) < 0.0001

Character of surgery > 0.999

Elective 1,518 (99.7) 405 (99.8)

Emergent  4 (0.3) 1 (0.2)

Cancer obstruction 202 (13.3) 56 (13.8) 0.784

Cancer perforation 18 (1.2) 5 (1.2) > 0.999

TNM stage 0.167

0+I 409 (27.0) 118 (29.3)

II 511 (33.8) 116 (28.8)

III 594 (39.2) 169 (41.9)

T classification 0.448

Tis+T1 276 (18.2) 86 (21.3)

T2 230 (15.2) 62 (15.3)

T3 783 (51.7) 193 (47.8)

T4 226 (14.9) 63 (15.6)

N classification 0.329

N0 914 (60.5) 235 (58.3)

N1 430 (28.5) 113 (28.0)

N2 166 (11.0) 55 (13.6)

Stage I+ II (n = 1,123) 897 226

Lymphatic invasion 134 (14.9) 50 (22.1) 0.009

Perineural invasion 265 (29.5) 56 (24.8) 0.157

Vascular invasion 16 (1.8) 5 (2.2) 0.592

Tumor budding 275 (30.7) 63 (27.9) 0.415

Values are presented as number only, amedian (range), number (%), or bmean (range).    
COVID, coronavirus disease; ASA, American Society of Anesthesiologists; PS, physical status; HNPCC, hereditary nonpolyposis colorectal cancer; FAP, familial adenoma-
tous polyposis; CEA, carcinoembryonic antigen.
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COVID-19 outbreak. They predicted that the proportion of pa-
tients with colorectal cancer stage upshifting would be 6.4% at 6 
months. In South Korea, colonoscopy volumes also dropped al-
most 50% in March 2020 compared to December 2019 [6]. Al-
though our study did not investigate decreases in colon cancer 
screening, as supported by the studies mentioned above, we hy-
pothesized that the rate of advanced colorectal cancer would in-
crease as the diagnosis rate decreased.

We collected data for January to June for each year of the study 
to compare the number of patients diagnosed with colorectal can-
cer during the same period. In the pre-COVID period, the num-
ber of patients who visited Samsung Medical Center increased 
gradually, 761, 808, and 945 in 2017, 2018, and 2019, respectively, 
while in 2020, the number of patients decreased to 715. From this, 
we can cautiously infer that COVID-19 may have affected this de-
crease. 

We expected that the number of stage IV patients to increase 
during the COVID-19 outbreak. However, only a slight, nonsig-
nificant increase in the proportion of stage IV patients was seen in 
the COVID period. Although COVID-19 may not be associated 
with stage IV upshifting, the observation period may have been 
insufficient to determine the impact of COVID-19 on stage mi-
gration. 

Instead, the number of initially unresectable stage IV patients 
was high in the COVID period compared to pre-COVID. It may 
indicate that the disease progressed during the COVID-19 out-
break, and delayed diagnosis of colorectal cancer could have af-
fected the progression. Furthermore, 72 of 347 patients (20.7%) 
who were initially unresectable at pre-COVID changed to opera-
ble with a mean of 10.13 cycles of chemotherapy, and 15 of 122 
patients (12.3%) who were unresectable during COVID-19 were 
converted to operable status with a mean of 7 cycles of chemo-
therapy. However, another consideration is that the patients diag-
nosed with metastatic colorectal cancer during the COVID-19 
outbreak had insufficient chemotherapy to be surgical candidates 
during our observation period; thus, the proportion of operable 
metastasis may be relatively low. So, further study with a longer 
period should be conducted to check the differences exactly [7-9].

We also analyzed characteristics of the subgroup of patients who 
underwent surgery with definite curative intent without any neo-
adjuvant therapy. We thought there would be more advanced 
cases even among operable colorectal cancer during COVID-19. 
However, there was no difference in the pathologic stage of pre-
COVID and COVID. COVID-19 may not have affected disease 
staging, but the results may have been underestimated due to the 
short observation period. 

One of the noteworthy results of the present study is that there 
were more patients with lymphatic invasion among stage I and II 
colorectal cancer. Previous studies showed that lymphovascular 
invasion is significantly associated with poor prognosis in overall 
survival and disease-free survival in stage I and II colorectal can-
cer [10-14]. The higher rate of lymphatic invasion observed in 

stage I and II colorectal cancer patients during the COVID-19 
outbreak may suggest a poor prognosis among these patients.

Preoperative CEA level was higher in the COVID group in ev-
ery analysis, and there were more patients with an elevated CEA 
level (> 5 ng/mL) in the COVID group in non-stage IV patients. 
CEA is a proven tumor marker for monitoring and detecting tu-
mor recurrence and evaluating treatment response in patients di-
agnosed with colorectal adenocarcinoma [15, 16]. Some studies 
also showed that an elevated preoperative CEA level over 5 ng/
mL was associated with poor prognosis, and it could be an inde-
pendent prognostic factor for stage I–III colorectal cancer patients 
[15-17]. Moreover, other studies showed elevated preoperative 
CEA level was associated with poor oncologic outcomes in stage 
IV colorectal cancer [18, 19]. In our study, although the propor-
tion of stage IV patients with elevated CEA was not significantly 
different between the 2 groups, each group’s median CEA values 
showed significant difference. Based on these previous studies 
and the present study, COVID patients may have worse oncologic 
results than pre-COVID patients.

This study has several limitations. The most significant limita-
tion is that the period used to determine the impact of COVID-19 
was short. With a sufficient observation period, the impact of 
COVID-19 could be reliably assessed. However, it is noteworthy 
that meaningful differences between the pre- and COVID peri-
ods were shown even during the short observation period. More-
over, this is a single-center study and, although Samsung Medical 
Center is a large center in South Korea, it does not represent na-
tional trends. Thus, multicenter or national data collection is 
needed to understand national trends. 

This study also has strengths. According to the data of WHO, 
health expenditure per capita in 2018 was $2,543 in South Korea, 
less than $10,624 in the United States, and $4,315 in the United 
Kingdom [20]. In addition, the number of visits to a doctor per 
capita in 2018 was 16.9, the highest among the Organization for 
Economic Co-operation and Development (OECD) countries 
[21]. As such, South Korea is one of the countries with easy access 
to hospitals and low medical costs, including routine health 
check-ups, and hospitals have not even been shut down due to the 
COVID-19 pandemic. In this respect, in other countries where 
the COVID-19 situation is more complicated than Korea and 
those with high medical costs or low access to hospitals, there 
could be more dramatic differences in colorectal cancer progres-
sion. 

In conclusion, we did not find a significant stage upshifting in 
colorectal cancer associated with the COVID-19 outbreak. How-
ever, during this period, the number of first-visit outpatients’ de-
crease, more stage IV colorectal cancer patients were initially un-
resectable, and more patients who underwent surgery had poor 
prognostic factors. COVID-19 is an ongoing concern, and these 
results may become more apparent over time. It is vital not to ne-
glect cancer screening to not delay the diagnosis during the CO-
VID-19 epidemic in South Korea and worldwide. Moreover, it is 
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necessary to establish and maintain a safe cancer screening system 
in the era of infectious diseases to prepare well even if other infec-
tious diseases outbreak in the future. A longer observation period 
and multicenter studies are needed to confirm the results of this 
study. 
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