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Abstract 
    Background: Studies show that right-sided colon cancer (RCC) is more likely to be fatal than left-sided colon cancer (LCC). This 
study aimed to compare survival rates and characteristics of both types. In addition, this study focused on evaluating the diagnosis of 
colon cancer during the COVID-19 pandemic. 
   Methods: This is a retrospective cohort study that examined 582 patients treated for left and right colon cancer from March 2012 to 
March 2013 in Kerman province. Data were collected from a retrospective cohort, and the outcome was death due to colon cancer. The 
effect of tumor location on survival was evaluated using Cox regression analysis. The impact of the coronavirus disease 2019 (COVID-
19) pandemic on the trend of the number of colon cancer patients was analyzed using time series models. 
   Results: The overall 5-year survival of patients was equal to 62.6% and the mean age was 59.94 ± 15.06 years. The 5-year survival 
rate of the tumor location on the right side was 59.5% and on the left side was 65.6%. The risk of death from RCC was 53.6% higher 
than from LCC. The hazard ratio (HR) from RCC compared with LCC was higher in older patients (HR, 1.402; 95% CI, 1.001-1.976), 
urban areas (HR, 1.608; 95% CI, 1.158-2.235), adenocarcinoma (HR, 1.703; 95% CI, 1.254-2.312), well-differentiated (HR, 2.325; 95% 
CI, 1.001-5.401), and moderately differentiated tumor grade (HR, 1.421; 95% CI, 1.002-2.016). The expected number of colon cancers 
during the COVID-19 pandemic was 3.5, 2, and 1.9 times the identified cases in the first 3, 6, and 12 months of the COVID-19 pandemic. 
   Conclusion: The risk of death for RCC was higher than for LCC, and the risk of death from RCC was higher in older adults, urban 
areas, adenocarcinoma, and well-differentiated and moderately differentiated tumor grades than the risk of death from LCC. In addition, 
the COVID-19 pandemic led to a decline in colon cancer diagnoses. 
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Introduction 
The most common malignancy detected in the world is 

related to colorectal cancer (CRC), and it is one of the main 
causes of death in the world (1, 2). Tumors formed on the 
right and left sides of the colon have different embryonic, 
epidemiological, clinical, and pathological characteristics 
that lead to changes in the natural course and outcome of 

the disease (3); it is possible to consider the 2 sides of the 
colon as 2 independent diseases (2). Recently, a systematic 
review showed that the survival rate of patients with RCC 
was shorter than that of patients with LCC, indicating a 
higher risk of death from RCC, but these findings have not 
been proven in all studies (4, 5). RCC was observed more 
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↑What is “already known” in this topic: 
Right-sided colon cancer (RCC) has a poorer prognosis and higher 
mortality rate than left-sided colon cancer (LCC). The COVID-19 
pandemic has led to a decrease in cancer screening and diagnosis, 
resulting in later diagnoses and a possible increase in cancer deaths.  
 
→What this article adds: 

A comparative analysis of survival rates between RCC and LCC 
suggests an increased hazard ratio of RCC-related mortality in 
different populations. The COVID-19 pandemic has led to a 
significant drop in colon cancer diagnoses.  
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in older people and women, and there were more advanced 
tumor stages in RCC patients (6). 

Although studies attributed poorer survival to RCC (2), 
some researchers claimed that there was no statistically sig-
nificant difference in tumor site survival among patients 
with colon cancer, and in some cases, better survival rates 
were attributed to the right side (7-9). A study by Weiss et 
al using Cox regression and after controlling for other var-
iables showed no significant difference in mortality be-
tween RCC and LCC (8). Moreover, Warschkow et al 
showed that the survival rate in stage 1 and 3 colon cancer 
on the right side is better than on the left (9). Although there 
is still a debate about accepting the location of the tumor as 
an alarming factor in colon cancer (10), it seems to be one 
of the important factors in the survival of the patients (11, 
12). 

In late January 2020, the coronavirus spread in most parts 
of the world, and the World Health Organization (WHO) 
declared a health emergency for the whole world (13). The 
coronavirus disease 2019 (COVID-19) pandemic has killed 
many people in the world; the Centers for Disease Control 
and Prevention (CDC) encouraged people to stay at home, 
especially those who were elderly, immunocompromised, 
or had underlying illnesses such as cancer to be safe from 
contracting COVID-19 during the pandemic (14, 15). 

During the COVID-19 outbreak, cancer screening de-
creased and the diagnosis was made in the final stages of 
the disease. A study in the United States showed that the 
incidence of colon cancer decreased by 40% to 50% due to 
the COVID-19 outbreak, which may be associated with an 
increase in the incidence of colon cancer in the future (14). 
Besides, some patients were forced to postpone or even 
cancel their treatment and follow-up, which was associated 
with the worsening of the disease and reduced patient sur-
vival. Moreover, the complications and deaths caused by 
cancer may increase in the coming years (14, 15). Thus, in-
vestigating the impact of COVID-19 on colon cancer is of 
great importance (16). Using the data from the Kerman 
Province Cancer Registry Program, Iran, the survival of pa-
tients with colon cancer was examined in this study from 
March 2014 to March 2021. Moreover, the factors affecting 
the survival rate of RCC and LCC were accurately evalu-
ated. This study also examined the effect of the COVID-19 
pandemic on the process of diagnosing the number of colon 
cancer patients. 

 
Methods 
Study Population 
The data in this study included 582 patients with colon 

cancer from March 2014 to March 2021, which were col-
lected from the Cancer Registry Center of Kerman Univer-
sity of Medical Sciences, Kerman Province, Iran. The data 
of the Cancer Registry Center is collected from all reports 
related to cancer patients from pathology laboratories, in-
patient and outpatient treatment centers, urban and rural 
health centers, and the Department of Forensic Medicine 
(17). The Cancer Registry Center and the Kerman Province 
Health Department's Mortality System worked together to 
precisely record the patients' dates of death to prevent sur-
vival rate bias, minimize competitive risks, and maintain 

control (18).   
The protocol for this study was approved by the Medical 

Ethics Committee of Kerman University of Medical Sci-
ences, Kerman, Iran, with the ethics code 
IR.KMU.REC.1401.277, and the data were reviewed as a 
retrospective cohort. There was 1 missing information in 
this study where we did not have information on several 
variables, and thus was excluded.  

 
Variables 
The outcome variable in survival analysis in this study 

was determined based on the duration of the disease from 
the moment of diagnosis until the date of colon cancer 
death or censoring of the patient. The duration of the dis-
ease was calculated in terms of months, and the intended 
outcome for this disease was death due to colon cancer, if 
death did not occur due to colon cancer, the patient was 
censored. The last follow-up for the condition of the pa-
tients was performed on August 31, 2022, which was the 
end of the study (19). 

The exposure variable in the survival analysis was de-
fined based on the location of the primary tumor on the 
right side (cecum/appendix, ascending colon, hepatic flex-
ure, and transverse colon) and left side (splenic flexure, de-
scending colon, and sigmoid colon). Patients with rectal 
cancer were excluded from the analysis due to the different 
treatment patterns for colon cancer (12). Other independent 
variables included age, which was divided into 2 subgroups 
(older and younger) based on the median (2), sex, and re-
gion of residence of the patients determined based on the 
population of the region (10,000 people) and political divi-
sions as urban or rural districts (20), the disease grade, mor-
phology, and disease stage (1, 2, 7, 21). Another outcome 
variable was the number of colon cancer patients from 
March 2014 to March 2021 (22). January 30, 2020, was 
considered the onset of the COVID-19 pandemic, which 
was the beginning of a change in people's lifestyles (13, 
14). 

 
Statistical Analysis 
Overall survival (OS) was analyzed using the Kaplan-

Meier method and was reported for 1-, 3-, and 5-year inter-
vals (5).  

The relationship between the variables with the risk of 
death due to colon cancer was assessed using univariate and 
multiple Cox regression analysis, and the assumption of 
proportional hazards was evaluated using the Schoenfeld 
residuals test. First, univariate Cox regression was fitted 
and the variables, with P ˂ 0.2, were selected as important 
variables and entered into the multiple regression model. 
Finally, using the multiple Cox regression model and the 
backward elimination method, significant variables were 
determined (P < 0.05), and the hazard ratio (HR) index and 
the 95% confidence interval were reported (23, 24). More-
over, the risk of death between RCC and LCC was obtained 
by separating the different levels of the variables. First, the 
variables were separated based on their levels. Afterward, 
the HR between RCC and LCC was estimated for each 
level in the presence of other variables with multiple Cox 
regression analyses (2, 24). 
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The trend of colon cancer was assessed from March 2014 
to March 2021 using Joinpoint regression, and the average 
percentage of changes in the number of colon cancer pa-
tients per month was used to determine the overall (upward 
or downward) trend (22). The impact of the COVID-19 
pandemic on the number of colon cancer patients was as-
sessed using Autoregressive Integrated Moving Average 
ARIMA(p,d,q) time series models. The stationarity as-
sumptions of the time series model were checked with the 
Augmented Dickey-Fuller (ADF) test, and the best model 
was selected based on the lowest value of Root-mean-
square error (RMSE), and Akaike information criterion 
with a correction (AICc)  index. Finally, the correlation 
with the residual of the final model was tested. The time 
series model was fitted for the pre-COVID-19 period. 
Then, the expected values of colon cancer patients were 
predicted for the period of the COVID-19 pandemic, and 
the difference between the expected value and the real 
value was calculated to determine the impact of COVID-19 

on colon cancer (22, 25). In this study, SPSS software Ver-
sion 25 was used to analyze the survival of patients, and 
Joinpoint and R software and the FPP package for time se-
ries analysis, FMA, and Forecast were used to predict the 
incidence of colon cancer. 

 
Results 
Patient Baseline Characteristics 
The data of 582 patients with colon cancer from March 

2014 to March 2021 were included in the study. A total of 
212 patients (36.4%) died. The overall survival of the pa-
tients for 3 years was 69.5% (95% CI, 65.1-72.8) and 5-
year survival was equal to 62.6% (95% CI, 58.2- to 66.7). 
A total of 301 patients (51.7%) were men and the average 
age of the patients was 59.94 ± 15.06 years with a median 
age of 61 years. In general, 302 patients (51.9%) had RCC 
and 280 patients (48.1%) had LCC, and the 5-year survival 
rate of the tumor site on the right side was 59.5% (95% CI, 
53-65.3) and was 65.6% on the left side (95% CI, 59.4- 71) 

 
Table 1. Univariate and Multiple models for overall survival 

Variable Total 
N (%) 

Survival analysis Univariate Multiple 
1-Year OS* 

(%) 
95% CI 

3-Year OS* 
(%) 

95% CI 

5-Year 
OS (%) 
95% CI 

7-Year 
OS (%) 
95% CI 

HR 95% CI P-value HR 95% CI P-value 

Location            
Left-sided 
colon 

302 
(51.9) 

78.9 (74.2-
83.8) 

63.9 
(57.9-69.4) 

59.5 
(53.0-65.3) 

51.9 (43.6-
61.) 

ref - - ref - - 

Right-sided 
colon 

280 
(48.1) 

88.0 (84.0-
91.0) 

73.9 
(68.4-78.6) 

65.6 
(59.4-71.0) 

59.1 (52.4-
66..6) 

1.330 1.015-
1.742 

0.038 1.536 1.158-
2.037 

0.003 

Gender            
female 281 

(48.3) 
82.9 (78.6-

87.4) 
69.0 

(63.0-74.0) 
63.0 

(56.0-69.0) 
53.5 (45.4-

63.0) 
ref - - - - - 

male 301 
(51.7) 

84.3 (80.3-
88.5) 

69.5 
(63.0-74.0) 

62.1 
(55.0-67.0) 

58.1 (51.7-
65.3) 

0.994 0.759-
1.302 

0.96 - - - 

Age            
≤61 293 

(50.3) 
90.4 (87.1-

93.8) 
78.0 

(73.0-83.0) 
73.0 

(67.0-78.0) 
66.9 (59.7-

74.8) 
ref - - ref -  

>61 289 
(49.7) 

76.8 (72.1-
81.8) 

60.0 
(53.4-64.9) 

51.0 
(45.4-57.8) 

45.1(38.0-
53.5) 

2.159 1.630-
2.860 

<0.001 2.257 1.689-
3.017 

<0.001 

Region            
     urban 207 

(35.6) 
86.9 (82.4-

91.6) 
70.9 

(64.1-76.6) 
67.1 

(59.7-73.3) 
65.7 (58.9-

73.3) 
ref - - - - - 

     rural 375 
(64.4) 

81.8(78.0-
85.8) 

68.0 
(63.0-72.4) 

60.2 
(54.6-65.3) 

51.1 (44.5-
58.8) 

1.28 0.958 -
1.719 

0.093 - - - 

Morphology            
Adenocarcinoma 449 

(77.1) 
83.0 (79.6-

86.6) 
68.6 

(64.0-72.8) 
61.2 

(56.0-65.8) 
56.2 (50.0-

62.4) 
ref - - ref - - 

Carcinoid 19 
(3.3) 

100 (100-
100) 

89.5 
(64.0-97.2) 

89.5 
(64.0-97.2) 

89.4 (76.6-
100) 

0.225 0.056-
0.90 

0.036 0.157 0.038-
0.653 

0.011 

Mucinous adeno-
carcinoma 

82 
(14.1) 

86.0 (79.5-
94.2) 

68.8 
(57.3-77.7) 

64.9 
(52.7-74.6) 

45.8 (30.7-
68.3) 

0.985 0.672-
1.446 

0.006 0.880 0.591-
1.310 

0.529 

Other 32 
(5.5) 

75.0 (61.4-
91.6) 

64.9 
(45.5-78.9) 

60.3 
(40.2-75.4) 

60.2 (44.8-
81.1) 

1.05 0.588-
1.9 

0.852 1.069 0.572-
2.00 

0.834 

Grade            
Well differenti-
ated 

84 
(14.4) 

85.7 (78.5-
93.5) 

73.6 
(62.7-81.7) 

69.1 
(57.5-78.0) 

61.8 (49.9-
76.6) 

ref - - - - - 

Moderately 
differentiated 

357 
(61.3) 

85.7 (82.1-
89.4) 

70.9 
(65.8-75.4) 

61.4 
(55.3-66.8) 

55.6 (48.7-
63.4) 

1.15 0.765 -
1.757 

0.486 - - - 

Poorly differenti-
ated 

42 
(7.2) 

73.8 (61.6-
8.3) 

56.0 
(39.4-69.7) 

52.6 
(35.8-66.9) 

52.7 (39.1-
71.1) 

1.63 0.991-
2.94 

0.099 - - - 

Unknown 99 
(17.0) 

78.7 (71.1-
87.2) 

64.2 
(53.5-72.9) 

60.30 
(49.0-69.3) 

48.7 (33.9-
70.0) 

1.37 0.843-
2.252 

0.200 - - - 

Stage             
Stage I - II 265 

(45.5) 
85.0 (81.5-

89.1) 
73.5 

(67.7-78.5) 
68.2 

(61.8-73.7) 
58.8 (51.2-

67.5) 
ref - - ref - - 

Stage III 176 
(30.2) 

88.6 (84.0-
93.4) 

71.9 
(64.5-78.0) 

60.3 
(51.6-67.7) 

54.1 (45.5-
65.2) 

1.163 0.843 – 
1.604 

0.772 1.244 0.901-
1.719 

0.185 

Stage IV 16 
(2.7) 

62.5 (42.8-
91.4) 

24.3 
(7.1-46.7) 

24.3 
(7.1-46.7) 

23.4 (0.9-
0.58) 

3.415 1.865 – 
6.254 

0.000 4.930 2.656-
9.152 

<0.001 

Unknown 125 
(21.5) 

77.6 (70.6-
85.2) 

62.7 
(53.3-70.7) 

59.1 
(49.4-67.5) 

59.1 (50.6-
68.9) 

1.370 0.962 – 
1.951 

0.241 1.579 1.090-
2.288 

0.016 

OS: Overall Survival 
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(Table 1). The Kaplan-Meier survival curves demonstrated 
the difference between RCC and LCC in Figure 1. 

 
The Impact of Cancer Location on Survival 
The results of multiple Cox regression analysis showed 

that the risk of death from RCC was 53.6% higher or 1.536 
times that of LCC (HR, 1.536;  95% CI, 1.158-2.037), and 
the variables of age, morphology, and stage of the disease 
were other significant factors affecting the survival of colon 
cancer patients. The risk of death in older adults was 2.25 
times that of younger people (HR, 2.25; 95% CI, 1.689-
3.017), the risk of carcinoid was 0.15 times that of adeno-
carcinoma (HR, 0.15, 95% CI, 0.038-0.653), and stages 4 
and unknown were 4.93 and 1.57 times that of stage 1 and 
2 (HR unknown to 1-2 = 1.57; 95% CI, 1.090- -2.288; HR, 
4 to 1-2:4.93; 95% CI, 2.656-9.152) (Table 1). 

 

Comparison and Survival Differences Between RSCC 
and LSCC in Different Subgroups 

The effect of tumor location was similar in terms of sex, 
age, residential area, grade, and stage of the disease (P > 
0.05), but it was significantly different in terms of morphol-
ogy (P < 0.05). The distribution of adenocarcinoma colon 
cancer was greater on the left side of the colon than the right 
side (64.6% R vs 88.7% L) and the distribution of carcinoid 
colon cancer (6.8% R vs 0% L), mucinous adenocarcinoma 
(21.4% R vs 7.3% L) and others (7.1% R vs 4% L) were 
observed mostly on the right side (Table 2).  

The differences in the risk of death between RCC and 
LCC in terms of levels of different variables were assessed 
separately. The results showed that the risk of death from 
RCC in older patients was 1.4 times that of LCC (HR, 
1.402; 95% CI:1.001-1.976). In urban areas, the risk of 
death from RCC was 1.6 times that of LCC (HR, 1.608; 
95% CI,1.158-2.235). Concerning adenocarcinoma, the 
risk of death from RCC was 1.7 times that of LCC (HR, 
1.703; 95% CI, 1.254-2.312). The risk of death from RCC 
in the well-differentiated grade was 2.3 times that of LCC 
(HR=, 2.325; 95% CI, 1.001-5.401), and the risk of death 
from RCC in the moderately differentiated grade was 1.4 
times that of LCC (HR, 1.421; 95% CI, 1.002-2.016) and 
there was no significant difference in other categories (Ta-
ble 2). 

 
Colon Cancer Trends 
The incidence of colon cancer before the COVID-19 pan-

demic and from March 2014 to January 2020 increased on 
average by 1% per month (AMPC, =1%; 95% CI, 0.6% 
to1.5%; P = 0.001), accounting for 7.2 patients per month 
on average (95 CI%, 6.55 to 7.9). The incidence of colon 

 
Figure 1. Kaplane-Meier survival estimates for patients with right- 
and left-sided colon cancer 

 

 
Table 2. Differences in survival and clinicopathological characteristics between RSCC and LSCC in different subgroups 

Variable 
 

Comparison between right-sided and left-sided colon 
cancer 

Survival difference between RSCC and LSCC in dif-
ferent situations 

Right-sided 
colon (%) 

Left-sided 
colon (%) 

P-value HR 
(Ref= Left) 

P-value 

Gender      
female 128(45.7) 153(50.7) 0.233 1.4(0.94-2.075) 0.094 
male 152(54.3) 149(49.3) 1.38(0.95-2.027) 0.090 
Age      
≤61 146(52.1) 147(48.7) 0.403 1.3(0.829-2.067) 0.278 
>61 134(47.9) 155(51.3) 1.402(1.001-1.976) 0.049 
Region      
     rural 104(37.1) 103(34.1) 0.445 1.164 (0.689-1.968) 0.570 
     urban 176(62.9) 199(65.9) 1.608(1.158-2.235) 0.005 
Morphology      
Adenocarcinoma 181(64.6) 268(88.7) <0.001 1.703(1.254-2.312) <0.001 
Carcinoid 19(6.8) 0(0.0) - - 
Mucinous adenocarcinoma 60(21.4) 22(7.3) 0.998(0.432-2.305) 0.996 
Other 20(7.1) 12(4.0) 0.944(0.248-3.595) 0.933 
Grade      
Well differentiated 40(14.3) 44(14.6) 0.056 2.325(1.001-5.401) 0.049 
Moderately 
differentiated 

161(57.5) 196(64.9) 1.421(1.002-2.016) 0.049 

Poorly differentiated 28(10.0) 14(4.6) 0.520(0.191-1.418) 0.202 
Unknown 51(18.2) 48(15.9) 1.609(0.834-3.074) 0.150 
Stage       
Stage I and II 129(46.1) 136(45.0) 0.737 1.408(0.923-2.149) 0.113 
Stage III 79(28.2) 97(32.1) 1.566(0.961-2.553) 0.072 
Stage IV 8(2.9) 8(2.6) 1.177(0.12-11.391) 0.888 
Unknown 64(22.9) 61(20.2) 1.194(0.667-2.137) 0.550 
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cancer during the COVID-19 pandemic from February 
2020 to March 2021 became uniform (AMPC, 3.6%; 95% 
CI, −5.5% to 13.6%; P = 0.415), and 4.8 patients on aver-
age were diagnosed (95% CI, 3.4 to 6.2). 

The COVID-19 pandemic has caused a change in the 
number of people diagnosed with colon cancer as shown in 
Figure 2. The expected number of colon cancers during the 
COVID-19 pandemic was estimated with the time series 
model ARIMA (7, 1, 8). The expected numbers were 3.5, 
2, and 1.9 times of the identified cases in the first 3 months, 
the first 6 months, and 12 months of the COVID-19 pan-
demic, generally indicating a decrease in the number of co-
lon cancer patients diagnosed during the COVID-19 pan-
demic. Furthermore, in March and April 2020, the expected 
number was 5 and 10 times the identified cases, showing 
the greatest decrease during the COVID-19 pandemic. 

 
Discussion 
The 5-year survival rate of colon cancer patients in Ker-

man, the largest city located in southeast Iran, was equal to 
62% in this study. In their systematic review and meta-anal-
ysis, Maajani et al showed that the 5-year survival rate for 
colon cancer in Iran is equal to 60% (26). The American 
Society of Clinical Oncology reported the 5-year survival 
rate of colon cancer patients to be equal to 64%, as evident 
in the present study (27). In this study, the prognosis of pa-
tients with LCC was better than that of RCC, and the risk 
of death from RCC was 53.6% higher than that of LCC. 
This confirms a greater risk on the right side and the disease 
can be better controlled by differentiating between the 2 
sides of the colon. The better prognosis of LCC has been 
confirmed in many studies (4, 5, 28). However, contrary to 
the present study, some studies found no correlation be-
tween tumor location and survival of patients or better sur-
vival on the right side possibly due to the complexity of the 
pathological and clinical relationship between tumor loca-
tion and survival of patients (8, 9). 

The distribution of tumor location in terms of sex, age, 

region of residence, grade, and stage of the disease showed 
no significant difference. A study by Dae Ro Lim et al 
showed no significant difference in the mean age and sex 
ratio between the right and left sides of the colon, as was 
observed in the present study (12). However, in some stud-
ies, a greater number of older adults and women suffered 
from RCC (6). 

The distribution of the tumor site was significantly dif-
ferent in terms of morphology. Adenocarcinoma was lo-
cated in a higher proportion on both sides of the colon, as 
confirmed in other studies (9). The carcinoids were located 
on the right side of the colon, and an analysis of population 
data showed that carcinoids were located in the small intes-
tine (45%), rectum (20%), appendix (17%), and colon 
(11%). Considering the percentage of the appendix, a high 
percentage of carcinoids on the right side of the colon was 
expected (29). 

The risk of colon cancer death on the right side was 
higher than on the left side in older adults, urban areas, ad-
enocarcinoma, and well and moderately differentiated 
grades. The risk of death on the right side of the colon in 
older patients was 40% higher than on the left side. Con-
trary to the present study, Miao-Zhen Qiu et al showed that 
the risk of death from RCC compared to LCC was higher 
in younger people (aged ˂69 years). The risk of colon can-
cer death on the right side in people living in urban areas 
was 60% higher than on the left side.  Rogers et al showed 
that the risk of death did not differ between RCC and LCC 
in urban areas (30), possibly due to lifestyle and diet in ur-
ban areas affecting the risk of death from RCC and LCC, 
which requires more studies (31). In all stages, the risk of 
dying from colon cancer for RCC and LCC was equal, but 
tumor location in stage 3 (P = 0.07) may play an important 
role. In some studies, the effect of the location of the tumor 
was the same in the disease stages (9) but was different in 
other studies (2). 

Colon cancer is one of the most common malignant tu-
mors in Iran. Following the data from the Kerman Province 

 
 
Figure 2. The number of colon cancer patients identified from March 2014 to March 2021 is marked 
in red, and the expected number of patients during the COVID-19 pandemic from February 2020 to 
March 2021 is marked in blue. 
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Cancer Registry Center, this study analyzed the changing 
trend of colon cancer from March 2014 to March 2021 and 
showed the incidence of colon cancer was increasing from 
March 2014 to January 2020, that is, before the COVID-19 
pandemic, and the incidence of colon cancer became stable 
after the COVID-19 pandemic, that is, from February 2020 
to March 2021. Besides, the number of colon cancer pa-
tients diagnosed in this period decreased compared with the 
pre-COVID-19 era. A study conducted by Nikbakht et al in 
Kerman from 2001 to 2010 showed that colon cancer is 
generally increasing, which is consistent with the results of 
this study for the period before the COVID-19 pandemic 
(22). Thus, emphasis on people's use of cancer prevention 
methods—such as lifestyle and nutrition changes and phys-
ical activity—to reduce the incidence of cancer is of partic-
ular importance (31). 

In the present study, the expected number of colon cancer 
patients during the COVID-19 pandemic was estimated, 
and the results indicated the expected number was 3.5 and 
10 times higher than the number of diagnosed patients in 
the first 3 months of the pandemic and in April 2020 re-
spectively. A study in the United States compared the dif-
ference in cancer diagnosis between the first 4 months of 
2019 and 2020 and showed a significant decrease in the di-
agnosis of cancer during the COVID-19 pandemic. Be-
sides, the largest decrease was related to April 2020 with a 
39.9% decrease compared to April 2019 (15). 

The fear of contracting COVID-19 caused cancer pa-
tients to postpone their diagnosis and treatment, which led 
to a decrease in the number of diagnosed patients. Besides, 
during the COVID-19 pandemic, hospitals completely took 
care of patients with COVID-19, which created some prob-
lems in the process of diagnosing non-COVID-19 diseases. 
Delayed diagnosis and treatment may increase the diagno-
sis of patients in higher stages and the demand for colon 
cancer screening methods will increase (14). 

 
Limitations 
This study was conducted with several limitations. For 

instance, this study employed a retrospective design, while 
exploring cause-and-effect relationships in prospective and 
interventional studies can provide more reliable results. Be-
sides, the relationships reported in this study are not neces-
sarily definitive, because there may be confounders and we 
were not able to identify and control them in the study. 
However, the present study reported similar results to the 
findings of previous studies. Another limitation of this 
study was the failure to predict the number of cancer cases 
due to the existence of different approaches and behaviors 
during the COVID-19 pandemic. Deaths from the COVID-
19 pandemic may reduce the number of people diagnosed 
with colon cancer before the tumor becomes malignant 
(32). The increased risk of cancer may also be related to the 
cumulative effect of different aspects of the coronavirus in-
fection, which are not yet known (33). 

 
Conclusion 
The data in this study indicated that tumor location, age, 

morphology, and stage of the disease were among the fac-

tors that were related to the survival of colon cancer pa-
tients. The risk of death was found to be higher for colon 
cancer on the right side than on the left, older people than 
younger people, adenocarcinoma patients than carcinoid 
and stage 4, and indeterminate than stages 1 and 2. The sur-
vival difference between the right and left sides of the colon 
in terms of each level of the variable showed that the risk 
of death is higher in older adults, urban areas, adenocarci-
noma, and well and moderately differentiated grades in the 
right side of the colon. The number of colon cancer patients 
decreased due to the COVID-19 pandemic, and it caused a 
delay in the identification of new cancer patients and treat-
ment, which is assumed to increase colon cancer incidence 
and death in the coming years. Besides, more serious 
measures should be taken to prevent and control colon can-
cer in Kerman Province (34). 

 
Authors’ Contributions 
Moghaddameh Mirzaee: conceptualization, design, for-

mal analysis, writing-reviewing, and editing. Farshid Shar-
ifi: conceptualization, software, formal analysis, writing-
original draft, writing-reviewing, and editing, and data cu-
ration; Reza Malekpour Afshar: writing-reviewing, and ed-
iting, Azam Bazrafshan: conceptualization, data curation, 
writing-reviewing, and editing, Ashraf Yazdizadeh: con-
ceptualization, data curation, writing-reviewing, and edit-
ing. 

 
Ethical Considerations 
The protocol for this study was approved by the Medical 

Ethics Committee of Kerman University of Medical Sci-
ences, Kerman, Iran with the ethics code 
IR.KMU.REC.1401.277. 

 
 Acknowledgment 
The authors would like to thank officials at the Cancer 

Registration Center and Health Department of Kerman 
Province for their cooperation and support in this research 
project. 

 
Conflict of Interests 

The authors declare that they have no competing interests. 
 
 

References 
1. Moritani K, Hasegawa H, Okabayashi K, Ishii Y, Endo T, Kitagawa Y. 

Difference in the recurrence rate between right- and left-sided colon 
cancer: a 17-year experience at a single institution. Surg Today. 
2014;44(9):1685-91. 

2. Qiu MZ, Pan WT, Lin JZ, Wang ZX, Pan ZZ, Wang FH, et al. 
Comparison of survival between right-sided and left-sided colon cancer 
in different situations. Cancer Med. 2018;7(4):1141-50. 

3. Ishihara S, Nishikawa T, Tanaka T, Tanaka J, Kiyomatsu T, Kawai K, 
et al. Prognostic impact of tumor location in stage IV colon cancer: a 
propensity score analysis in a multicenter study. Int J Surg. 
2014;12(9):925-30. 

4. Petrelli F, Tomasello G, Borgonovo K, Ghidini M, Turati L, Dallera P, 
et al. Prognostic Survival Associated With Left-Sided vs Right-Sided 
Colon Cancer: A Systematic Review and Meta-analysis. JAMA Oncol. 
2017;3(2):211-9. 

5. Qin Q, Yang L, Sun YK, Ying JM, Song Y, Zhang W, et al. Comparison 
of 627 patients with right- and left-sided colon cancer in China: 
Differences in clinicopathology, recurrence, and survival. Chronic Dis 
Transl Med. 2017;3(1):51-9. 

 [
 D

O
I:

 1
0.

47
17

6/
m

jir
i.3

8.
12

0 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 m

jir
i.i

um
s.

ac
.ir

 o
n 

20
26

-0
5-

12
 ]

 

                               6 / 7

http://dx.doi.org/10.47176/mjiri.38.120
https://mjiri.iums.ac.ir/article-1-9054-en.html


 
F. Sharifi, et al. 

 

 
 

http://mjiri.iums.ac.ir 
Med J Islam Repub Iran. 2024 (16 Oct); 38:120. 
 

7 

6. Hansen IO, Jess P. Possible better long-term survival in left versus right-
sided colon cancer - a systematic review. Dan Med J. 
2012;59(6):A4444. 

7. Liu F, Li C, Jia H, Yang L, Wu Y, Zhao J, et al. Is there a prognostic 
value of tumor location among Chinese patients with colorectal cancer? 
Oncotarget. 2017;8(24):38682-92. 

8. Weiss JM, Pfau PR, O'Connor ES, King J, LoConte N, Kennedy G, et 
al. Mortality by stage for right- versus left-sided colon cancer: analysis 
of surveillance, epidemiology, and end results--Medicare data. 
J Clin Oncol. 2011;29(33):4401-9. 

9. Warschkow R, Sulz MC, Marti L, Tarantino I, Schmied BM, Cerny T, 
et al. Better survival in right-sided versus left-sided stage I - III colon 
cancer patients. BMC Cancer. 2016;16:554. 

10. Brungs D, Aghmesheh M, de Souza P, Ng W, Chua W, Carolan M, et 
al. Sidedness is prognostic in locoregional colon cancer: an analysis of 
9509 Australian patients. BMC Cancer. 2017;17(1):251. 

11. Helvaci K, Eraslan E, Yildiz F, Tufan G, Demirci U, Berna Oksuzoglu 
O, et al. Comparison of clinicopathological and survival features of right 
and left colon cancers. J BUON. 2019;24(5):1845-51. 

12. Lim DR, Kuk JK, Kim T, Shin EJ. Comparison of oncological 
outcomes of right-sided colon cancer versus left-sided colon cancer after 
curative resection: Which side is better outcome? Medicine (Baltimore). 
2017;96(42):e8241. 

13. Harapan H, Itoh N, Yufika A, Winardi W, Keam S, Te H, et al. 
Coronavirus disease 2019 (COVID-19): A literature review. J Infect 
Public Health. 2020;13(5):667-73. 

14. Patt D, Gordan L, Diaz M, Okon T, Grady L, Harmison M, et al. 
Impact of COVID-19 on Cancer Care: How the Pandemic Is Delaying 
Cancer Diagnosis and Treatment for American Seniors. JCO 
Clin Cancer Inform. 2020;4:1059-71. 

15. London JW, Fazio-Eynullayeva E, Palchuk MB, Sankey P, McNair C. 
Effects of the COVID-19 Pandemic on Cancer-Related Patient 
Encounters. JCO Clin Cancer Inform. 2020;4:657-65. 

16. Zhang JG, Liu Y, Chen Q, Xu HF, Wang XY, Guo LW, et al. Incidence 
and mortality of colorectal cancer in 2017 and the time-trend from 2010 
to 2017 in Henan province, China: a population-based registry study. 
Ann Transl Med. 2022;10(16):878. 

17. Shahesmaeili A, Malekpour Afshar R, Sadeghi A, Bazrafshan A. 
Cancer Incidence in Kerman Province, Southeast of Iran: Report of an 
ongoing Population-Based Cancer Registry, 2014. Asian Pac J Cancer 
Prev. 2018;19(6):1533-41. 

18. Amiri P, Hashtarkhani S, Yazdizadeh A, Ahmadian L. Mortality due 
to noninfectious lower respiratory diseases: A spatiotemporal, cross-
sectional study. Health Sci Rep. 2022;5(6):e875. 

19. Clark TG, Bradburn MJ, Love SB, Altman DG. Survival analysis part 
I: basic concepts and first analyses. Br  J  Cancer. 2003;89(2):232-8. 

20. Enayatrad M, Yavari P, Etemad K, Khodakarim S, Mahdavi S. 
Determining the Levels of Urbanization in Iran Using Hierarchical 
Clustering. Iran  J  Public Health. 2019;48(6):1082-90. 

21. Lee KH, Chen WS, Jiang JK, Yang SH, Wang HS, Chang SC, et al. 
The efficacy of anti-EGFR therapy in treating metastatic colorectal 
cancer differs between the middle/low rectum and the left-sided colon. 
Br  J  Cancer. 2021;125(6):816-25. 

22. Roya N, Abbas BJAPJoCP. Colorectal cancer trends in Kerman 
province, the largest province in Iran, with forecasting until 2016. Asian 
Pac J Cancer Prev.2013;14(2):791-3. 

23. Jewell NP. Statistics for epidemiology: chapman and hall/CRC; 2003. 
24. Kleinbaum DG, Klein M. Survival analysis: a self-learning text: 

Springer; 2012. 
25. Maringe C, Spicer J, Morris M, Purushotham A, Nolte E, Sullivan R, 

et al. The impact of the COVID-19 pandemic on cancer deaths due to 
delays in diagnosis in England, UK: a national, population-based, 
modelling study. Lancet Oncol. 2020;21(8):1023-34. 

26. Maajani K, Khodadost M, Fattahi A, Shahrestanaki E, Pirouzi A, 
Khalili F, et al. Survival Rate of Colorectal Cancer in Iran: A Systematic 
Review and Meta-Analysis. Asian Pac J Cancer Prev. 2019;20(1):13-
21. 

27. Colorectal Cancer: Statistics 2022 [Available from: 
https://www.cancer.net/cancer-types/colorectal-
cancer/statistics#:~:text=For%20colon%20cancer%2C%20the%20ove
rall,year%20survival%20rate%20is%2072%25. 

28. Park JH, Park HC, Park SC, Oh JH, Kim DW, Kang SB, et al. Female 
Sex and Right-Sided Tumor Location Are Poor Prognostic Factors for 
Patients With Stage III Colon Cancer After a Curative Resection. Ann  
Oncol. 2018;34(6):286-91. 

29. Pinchot SN, Holen K, Sippel RS, Chen H. Carcinoid tumors. J Oncol. 
2008;13(12):1255-69. 

30. Rogers CR, Blackburn BE, Huntington M, Curtin K, Thorpe RJ, Jr., 
Rowe K, et al. Rural-urban disparities in colorectal cancer survival and 
risk among men in Utah: a statewide population-based study. Cancer 
Causes Control. 2020;31(3):241-53. 

31. Mahfouz EM, Sadek RR, Abdel-Latief WM, Mosallem F, Hassan 
EEJCEJPH. The role of dietary and lifestyle factors in the development 
of colorectal cancer: case control study in Minia, Egypt. Cent Eur J 
Public Health. 2014;22(4):215-22. 

32. Alhumaid S, Al Mutair A, Busubaih JS, Al Dossary N, Alsuliman M, 
Baltyour SA, et al. Colorectal cancer in patients with SARS-CoV-2: a 
systematic review and meta-analysis. Infect Agent Cancer. 
2022;17(1):49. 

33. Niu P, Lei F, Gu JJC. Colorectal cancer and COVID‐19: Do we need 
to raise awareness and vigilance? Am  J  Cancer. 2021;127(6):979. 

34. Rahimmanesh I, Shariati L, Dana N, Esmaeili Y, Vaseghi G, Haghjooy 
Javanmard SJFiMB. Front Mol Biosci. 2022;8:1361. 

 

 [
 D

O
I:

 1
0.

47
17

6/
m

jir
i.3

8.
12

0 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 m

jir
i.i

um
s.

ac
.ir

 o
n 

20
26

-0
5-

12
 ]

 

Powered by TCPDF (www.tcpdf.org)

                               7 / 7

http://dx.doi.org/10.47176/mjiri.38.120
https://mjiri.iums.ac.ir/article-1-9054-en.html
http://www.tcpdf.org

