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Abstract 

Background  At present, there was no large epidemiological study exploring the actual incidence and survival 
of second primary colorectal cancer (spCRC). The different characteristics and survival of patients with spCRC and ini-
tial primary colorectal cancer (ipCRC) still need to be elucidated. In addition, the factors leading to different survival 
status of spCRC and ipCRC were still unclear. Our study plan to explore the annual incidence trend of spCRC as well 
as the factors influencing the occurrence and survival outcome of spCRC.

Methods  This cohort study analyzed the data of 4680 spCRC patients and 330,937 initial primary colorectal can-
cer (ipCRC) patients. Whether patients had spCRC and whether spCRC patients survived or died were regarded 
as outcomes. The annual incidence of spCRC from 2004 to 2016 was analyzed by Jointpoint regression analysis. The 
truncation points were found, and the annual percentage change (APC) of each segment was calculated to explore 
the trend of spCRC change in the United States. Univariate and multivariable cox regression analyses were conducted 
to identify factors associated with the occurrence and prognosis of spCRC patients.

Results  The total incidence of spCRC was decreased during 2000–2016 on the whole. The overall incidence of spCRC 
was lowered in both males and females despite 2013–2014, in the left colon, right colon, rectum and others. The 
incidence of spCRC was decreased in both 18–49 years’ people and ≥ 50 years’ people during 2000–2016, and the inci-
dence of spCRC in the ≥ 50 years’ people group was higher than those of 18–49 years. Insured (OR = 0.867 (0.778–
0.966), initial primary site of other digestive (OR = 0.46, 95%CI: 0.42–0.50), rectum (OR = 0.74, 95%CI: 0.66–0.82), or right 
colon (OR = 0.73, 95%CI: 0.68–0.79), N 1 stage (OR = 0.87, 95%CI: 0.76–0.99), M 1 stage (OR = 0.49, 95%CI: 0.30–0.80), 
AJCC II stage (OR = 0.70, 95%CI: 0.60–0.82), AJCC III stage (OR = 0.69, 95%CI: 0.56–0.84), and radiation (OR = 0.69, 
95%CI: 0.57–0.83) were associated with the risk of spCRC. At the end of follow-up, 2,246 spCRC patients were survived 
and 2,434 spCRC patients were dead. Patients with spCRC had poor survival probability than patients with ipCRC. 
Older age (HR = 1.02, 95%CI: 1.02–1.03), male (HR = 1.13, 95%CI: 1.04–1.23), Black (HR = 1.20, 95%CI: 1.06–1.35), unin-
sured (HR = 1.36, 95%CI: 1.16–1.59), Signet ring cell carcinoma (HR = 1.64, 95%CI: 1.19–2.25), T4 stage (HR = 1.63, 95%CI: 
1.32–2.01), N2 stage (HR = 1.36, 95%CI: 1.08–1.72), M1 stage (HR = 4.51, 95%CI: 2.00–10.18), AJCC III (HR = 1.47, 95%CI: 
1.08–1.98), and radiation (HR = 1.82, 95%CI: 1.43–2.33) were associated with increased risk of mortality in spCRC 
patients.

Conclusion  The incidence of spCRC was decreased except in people with initial primary tumor grade IV and those 
aged 15–39 years. The overall survival of spCRC patients was lower than ipCRC patients. Cancer patients with older 
age, high tumor grade, TNM stage, and AJCC stage should be caution to the occurrence of spCRC and timely inter-
ventions should be provided for spCRC patients to improve their outcomes.
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Background
Colorectal cancer (CRC) is the third most common 
malignancy and ranks the third in cancer-associated 
mortality all over the world [1]. In 2020, 1.93 mil-
lion new CRC cases were diagnosed, and 0.94 million 
patients were died due to CRC, which accounted for 
10% of the global cancer incidence and 9.4% of all can-
cer caused deaths [2]. In some recent studies, the inci-
dence and risk of second primary malignancies (SPM) 
were reported to be increased [3, 4], this may be due to 
that the early detection and treatments in cancer patients 
were improved and the life expectancy of cancer patients 
was extended [5]. The risk of a SPM is higher in patients 
with cancer in remission than a population with no his-
tory of cancer with about 17%-19% cancer patients were 
SPMs [6, 7]. Second primary colorectal cancer (spCRC) is 
one of the SPMs which was frequently diagnosed in can-
cer survivors [8]. Patients with spCRC were reported to 
have worse outcome than those with initial primary CRC 
(ipCRC) [9]. To identify the incidence and the mortality 
as well as their influencing factors were essential for bet-
ter management of spCRC patients.

Presently, there were some studies analyzed the inci-
dence or survival of spCRC in initial primary CRC 
patients and found that previous CRC was a risk factor 
for spCRC [10, 11]. Pruitt et  al. conducted a study to 
explore the survival of newly diagnosed CRC patients 
with a history of previous cancer [12]. Some studies only 
analyzed the incidence and survival as well as the influ-
encing factors of spCRC in ipCRC patients, but patients 
with spCRC developing from other types of initial pri-
mary malignancies were not analyzed. Other studies 
explored the incidence and risk factors for any second 
primary cancers in patients with ipCRC [11, 13, 14]. Bae 
et  al. conducted a multi-center study evaluated the risk 
of spCRC in patients with a prior history of prostate, 
breast or lung cancer [15]. At present, there was no large 
epidemiological study on exploring the actual incidence 
and survival of spCRC. The different characteristics and 
survival of patients with spCRC and ipCRC still need to 
be elucidated. In addition, the factors leading to different 
survival status of spCRC and ipCRC were still unclear.

In our study, the purpose was to explore the annual 
incidence trend of spCRC as well as the incidence trend 
of spCRC in different subgroups of age, grade, site and 
gender. The characteristics of initial primary cancers 
were analyzed in spCRC patients to identify factors 

influencing the occurrence of spCRC. The character-
istics and survival of spCRC and ipCRC patients were 
compared, and the factors influencing the survival out-
come of spCRC were analyzed.

Methods
Study design and population
This cohort study included 815,755 patients diagnosed 
with CRC based on the International Classification of 
Diseases for Oncology (ICD-O)-3 from Surveillance, 
Epidemiology, and End Results (SEER) Program (www.​
seer.​cancer.​gov) SEER*Stat Database. Among them, 
45,680 were spCRC patients and 770,075 were ipCRC 
patients. The SEER database is a population-based can-
cer reporting system conducted by the National Can-
cer Institute covering about 28% of the total population 
in the United States. Researchers have free access to 
the database and can utilize the data to explore can-
cer epidemiology and outcomes [16]. The incidence of 
spCRC was analyzed in spCRC patients from 2000–
2016 in SEER database. We analyzed the data of CRC 
patients in SEER database from 2004–2015 to explore 
the influencing factors associated with the occurrence 
and survival of spCRC patients. Those who diagnosed 
before 2004 were excluded as the 6th version of the 
American Joint Committee on Cancer (AJCC) TNM 
stage was applied in SEER from 2004. In total, 45,680 
spCRC patients were involved in our study, after 
excluding patients before 2004 (n = 32,577), patients 
aged < 18  years (n = 6), those died within 30  days after 
a confirmed diagnosis (n = 2,855) and people with 
latency < 6  months or same secondary primary tumor 
site and the initial primary tumor site (n = 5,568), and 
4680 spCRC patients were finally included. The total 
sample of ipCRC extracted from SEER database were 
770,075, and 412,930 patients diagnosed before 2004 
and 26,208 patients died within 30 days were excluded. 
Finally, 330,937 ipCRC patients were involved in 
(Fig.  1). The requirement of ethical approval for this 
was waived by the Institutional Review Board of The 
Sixth Affiliated Hospital, School of Medicine, South 
China University of Technology, because the data was 
accessed from SEER (a publicly available database). All 
individuals provided written informed consent before 
participating in the study. All methods were carried out 
in accordance with relevant guidelines and regulations 
(declaration of Helsinki).

http://www.seer.cancer.gov
http://www.seer.cancer.gov
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Variables
The varaibles in spCRC patients included age, gender, 
race (White, Black or other/unknown), insurance (any 
Medicaid, insured, insured/no specifics, uninsured or 
unknown), initial primary tumor site (left colon, other 
digestive system, rectum, or right colon), grade [Well 
differentiated (grade I, moderately differentiated (grade 
II), poorly differentiated (grade III), undifferentiated or 
anaplastic (grade IV) or unknown], T stage (T0/T1/T2, 
T3, T4 or unknown), N stage (N0, N1, N2, N3 or NX), 
M stage (M0, M1, or MX), AJCC (0, I, II, III, IV or no/
unknown), surgery (yes or no/unknown), radiation (yes 
or no/unknown), chemotherapy (yes, no/unknown), sec-
ond primary tumor site (right colon, left colon, rectum 
or others), radiation sequence (no radiation and/or no 
surgery, after surgery, before and after surgery, before 
surgery or unknown), and histology (adenocarcinoma, 
mucous adenocarcinoma, signet ring cell carcinoma or 
others).

Variables analyzed in ipCRC patients included age, 
gender, race (White, Black or other/unknown), insurance 
(any Medicaid, insured, insured/no specifics, uninsured 
or unknown), initial primary tumor site (left colon, other 
digestive system, rectum, right colon, or other gastroin-
testinal tract cancers), grade [Well differentiated (grade 
I, moderately differentiated (grade II), poorly differenti-
ated (grade III), undifferentiated or anaplastic (grade IV) 
or unknown], T stage (T0/T1/T2, T3, T4 or unknown), 
N stage (N0, N1, N2, N3 or unknown), M stage (M0, M1, 

or unknown), AJCC (0, I, II, III, IV or unknown stage), 
radiation (yes or no/unknown), chemotherapy (yes, no/
unknown), and histology (adenocarcinoma, mucous ade-
nocarcinoma, signet ring cell carcinoma or others).

Outcome variables
Whether patients had spCRC and whether spCRC 
patients survived or died were regarded as outcomes. 
When the outcome was whether spCRC occurred, the 
follow-up was ended up when those diagnosed with 
spCRC. When the outcome was whether spCRC patients 
survived or died, the follow-up was ended when the 
patients died. All follow-up was ended in April 2019.

Definition of spCRC​
Primary gastrointestinal tract cancers including left 
colon cancer, right colon cancer, rectum cancers, other 
digestive cancers, and other gastrointestinal tract cancers 
were identified according to the cancer site of origin, date 
of diagnosis, histology, tumor behavior (i.e., in  situ ver-
sus invasive), and laterality of paired organs in the SEER 
database. SPMs occurring two or more months after 
the initial diagnosis were considered as separate prima-
ries unless the medical record stated that the tumor was 
recurrent or metastatic [17]. In the current study, the 
definition of spCRC fulfilled the following criteria: (1) 
interval between the diagnosis of initial primary cancers 
and spCRC (latency) ≥ 6 months; (2) difference in the pri-
mary site between initial primary cancers and spCRC; (3) 

Fig. 1  The screen process of the participants
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difference in histology if the primary site is the same as 
the primary site of the initial primary cancers.

Statistical analysis
The normality of the data was assessed via by Shap-
iro test. The continuous variables of normal distri-
bution were expressed as Mean ± standard deviation 
(Mean ± SD), and the t-test was used for comparison 
between groups. Non-normally distributed measure-
ment data were represented by median and quartile 
spacing [M (Q1, Q3)], and Mann–Whitney U test was 
used for comparison between groups. Enumeration 
data were described as the number of cases and com-
position ratio [n (%)], and comparison between groups 
was performed by χ2 test or Fisher’s exact probability 
method. The annual incidence of spCRC from 2004 to 
2016 was analyzed by Joinpoint regression analysis. The 
truncation points were found, and the annual percent-
age change (APC) of each segment was calculated to 
explore the trend of spCRC change in the United States. 
Univariate and multivariable logistic regression analy-
ses were to identify factors associated with the occur-
rence of spCRC patients, and variables with statistical 
difference in the univariate logistic regression analysis 
were included in the multivariable logistic regression 
analysis [18]. Univariate and multivariable cox regres-
sion analyses were to identify factors associated with 
the prognosis of ipCRC and spCRC patients. Statis-
tically significant variables in univariate cox regres-
sion analysis were included in the multivariable cox 

regression model. All statistical analysis was completed 
using SAS v9.4, and trend analysis was completed using 
Joinpoint Regression Analysis v.4.6.0.0.

Results
The epidemiological trends of spCRC incidence
As observed in Fig. 2, the total incidence of spCRC was 
decreased during 2000–2016 on the whole. The over-
all incidence of spCRC was lowered during 2000–2016 
in both males and females, the incidences of spCRC 
in males were higher than females despite 2013–2014 
(Fig.  3). The decreased incidences of spCRC were 
observed in the left colon, right colon, and others, 
and the most frequently diagnosed site of spCRC was 
the left colon during 2000–2016 (Fig. 4). As for differ-
ent tumor grade, a decrease of incidence of spCRC was 
observed in well differentiated (grade I) and moderately 
differentiated (grade II). The slowly reduced incidences 
of spCRC were identified in poorly differentiated (grade 
III), and undifferentiated or anaplastic (grade IV) group 
during 2006–2007 (Fig. 5). The incidence of spCRC was 
decreased in both 18–49  years’ people and ≥ 50  years’ 
people during 2000–2016, and the incidence of spCRC 
in the ≥ 50 years’ people group was higher than those of 
18–49 years (Fig. 6). The initial primary tumor sites of 
spCRC patients were exhibited in Supplementary Fig. 1. 
The right colon cancer showed the highest proportion 
in all initial primary tumors [1428 (31.67%)] followed 
by left colon cancer [1389 (29.68%)].

Fig. 2  The incidence of spCRC in all participants
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Factors associated with the occurrence of spCRC​
In the adjusted logistical regression Model 1, age, gender, 
insurance, primary tumor site, histology, grade, T stage, 
N stage, M stage, AJCC stage, radiation, chemotherapy 
and radiation sequence might be factors associated 
with the occurrence of spCRC. In Model 2, these vari-
ables were included and the data of stepwise regression 

revealed that insured (OR = 0.867 (0.778–0.966), ini-
tial primary site of other digestive (OR = 0.46, 95%CI: 
0.42–0.50), rectum (OR = 0.74, 95%CI: 0.66–0.82), or 
right colon (OR = 0.73, 95%CI: 0.68–0.79), N1 stage 
(OR = 0.87, 95%CI: 0.76–0.99), M1 stage (OR = 0.49, 
95%CI: 0.30–0.80), AJCCII stage (OR = 0.70, 95%CI: 
0.60–0.82), AJCCIII stage (OR = 0.69, 95%CI: 0.56–0.84), 

Fig. 3  The incidences of spCRC in different genders

Fig. 4  The incidences of spCRC in different tumor sites
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and radiation (OR = 0.69, 95%CI: 0.57–0.83) were asso-
ciated with decreased risk of spCRC. Age (OR = 1.01, 
95%CI: 1.01–1.01), male (OR = 1.17, 95%CI: 1.10–1.24), 
mucous adenocarcinoma (OR = 1.19, 95%CI: 1.07–
1.33), T3 stage (OR = 1.61, 95%CI: 1.40–1.85), T4 stage 
(OR = 1.90, 95%CI: 1.63–2.22), and radiation after 

surgery (OR = 1.52, 95%CI: 1.22–1.88) were associated 
with higher risk of spCRC (Table 1).

The characteristics of spCRC patients
At the end of follow-up, 2,246 spCRC patients were 
survived and 2,434 spCRC patients were dead. The 

Fig. 5  The incidences of spCRC in different tumor grade

Fig. 6  The incidences of spCRC in different ages
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Table 1  Factors associated with the occurrence of spCRC​

Variables OR (95%CI) P OR (95%CI) P

Age 1.01 (1.01–1.01)  < 0.001 1.01 (1.01–1.01)  < 0.001

Sex

  Female Ref Ref

  Male 1.09 (1.03–1.15) 0.004 1.17 (1.10–1.24)  < 0.001

Race

  Black Ref

  Unknown 0.91 (0.80–1.03) 0.126 0.91 (0.80–1.03) 0.133

  White 1.02 (0.93–1.11) 0.743 0.95 (0.87–1.04) 0.257

Insurance

  Any Medicaid Ref Ref

  Insured 0.96 (0.86–1.07) 0.463 0.87 (0.78–0.97) 0.010

  Insured/No specifics 1.12 (0.99–1.28) 0.083 0.98 (0.86–1.12) 0.797

  Uninsured 1.10 (0.89–1.36) 0.387 1.09 (0.88–1.35) 0.453

  Blank(s) 1.53 (1.37–1.70)  < 0.001 1.37 (1.29–1.53)  < 0.001

Tumor site

  Left colon Ref Ref

  Other cancer 0.22 (0.03–1.54) 0.127 0.79 (0.11–5.66) 0.814

  Other digestive 0.30 (0.27–0.32)  < 0.001 0.46 (0.42–0.50)  < 0.001

  Other rectum 0.53 (0.49–0.59)  < 0.001 0.74 0.66–0.82)  < 0.001

  Right colon 0.78 (0.73–0.84)  < 0.001 0.73 (0.68–0.79)  < 0.001

Histology

  Adenocarcinoma Ref

  Mucous adenocarcinoma 1.27 (1.14–1.42)  < 0.001 1.19 (1.07–1.33) 0.002

  Signet ring cell carcinoma 0.55 (0.42–0.71)  < 0.001 0.91 (0.70–1.20) 0.481

  Others 0.49 (0.45–0.52)  < 0.001 0.85 (0.78–0.93)  < 0.001

Grade

  Grade I/Grade II Ref

  Grade III/Grade IV 0.76 (0.70–0.82)  < 0.001 0.92 (0.84–0.99) 0.039

  Unknown 0.41 (0.38–0.45)  < 0.001 0.73 (0.66–0.80)  < 0.001

T stage

  T2 Ref

  T3 1.32 (1.23–1.41)  < 0.001 1.61 (1.40–1.85)  < 0.001

  T4 1.24 (1.12–1.36)  < 0.001 1.90 (1.63–2.22)  < 0.001

  Unknown 0.53 (0.49–0.59)  < 0.001 1.28 (1.01–1.61) 0.040

N stage

  N0 Ref

  N1 0.75 (0.70–0.81)  < 0.001 0.87 (0.76–0.99) 0.044

  N2 1.08 (0.98–1.19) 0.108 1.09 (0.93–1.27) 0.312

  N3 0.30 (0.14–0.64) 0.002 0.71 (0.32–1.57) 0.394

  Unknown 0.34 (0.31–0.38)  < 0.001 0.78 (0.62–0.98) 0.036

M stage

  M0 Ref

  M1 0.40 (0.36–0.44)  < 0.001 0.49 (0.30–0.80) 0.004

  Unknown 0.34 (0.30–0.38)  < 0.001 0.53 (0.41–0.68)  < 0.001

AJCC stage

  I Ref

  II 1.12 (1.03–1.21) 0.005 0.70 (0.60–0.82)  < 0.001

  III 1.05 (0.96–1.13) 0.279 0.69 (0.56–0.84) 0.001

  IV 0.42 (0.38–0.48)  < 0.001 0.66 (0.41–0.08) 0.090
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characteristics of patients in the survival group and 
death group were presented in Table  2. The mean age 
of the survival group was lower than the death group 
(64.33  years vs 67.99  years). The proportion of patients 
received radiation (310.69% vs 14.17%) or chemotherapy 
(39.15% vs 32.81) for the initial primary tumor in the sur-
vival group was lower than the death group. The distri-
butions of patients with different race, insurance, tumor 
site, tumor histology, grade, T stage, N stage, M stage, 
AJCC stage, radiation sequence were statistically differ-
ent in the survival group and death group.

Factors associated with the survival of spCRC patients
The survival status of patients with ipCRC and spCRC in 
our study were compared and we observed that patients 
with spCRC had poor survival probability than patients 
with ipCRC (Fig.  7). The data in Table  3 revealed that 
age, race, insurance, tumor site, histology, tumor grade, 
T stage, N stage, M stage, AJCC stage, radiation, chem-
otherapy, and radiation sequence might be associated 
with the mortality of ipCRC patients. In the multivari-
able cox regression model, we found that increase age 
(HR = 1.04, 95%CI: 1.04–1.04), Black (HR = 1.15, 95%CI: 
1.13–1.17), uninsured (HR = 1.45 (1.42–1.47), insured/no 
specifics (HR = 1.13 (1.11–1.14), any Medicaid (HR = 1.10 
(1.08–1.12), mucinous adenocarcinoma (HR = 1.06, 
95%CI: 1.04–1.08), signet ring cell carcinoma (HR = 1.40 
(1.34–1.46), higher tumor grade, higher T stage, higher N 
stage, higher M stage, high AJCC stage, radiation, chem-
otherapy, radiation before or after surgery were linked 
with higher risk of morality in ipCRC patients. Tumor 
site of left colon (HR = 0.94, 95%CI: 0.93–0.95) or rectum 

(HR = 0.88, 95%CI: 0.86–0.89) were correlated with lower 
risk of mortality in ipCRC patients. In terms of patients 
with spCRC, age, race, insurance, tumor site, histology, 
grade, T stage, N stage, M stage, AJCC stage, radiation, 
chemotherapy, and radiation sequence might be risk fac-
tor for the mortality of spCRC patients. Multivariable 
cox regression revealed that older age (HR = 1.02, 95%CI: 
1.02–1.03), male (HR = 1.13, 95%CI: 1.04–1.23), Black 
(HR = 1.20, 95%CI: 1.06–1.35), uninsured (HR = 1.36, 
95%CI: 1.16–1.59), signet ring cell carcinoma (HR = 1.64, 
95%CI: 1.19–2.25), T4 stage (HR = 1.63, 95%CI: 1.32–
2.01), N2 stage (HR = 1.36, 95%CI: 1.08–1.72), M1 stage 
(HR = 4.51, 95%CI: 2.00–10.18), AJCCIII (HR = 1.47, 
95%CI: 1.08–1.98), and radiation (HR = 1.82, 95%CI: 
1.43–2.33) were associated with increased risk of mortal-
ity in spCRC patients. Chemotherapy (HR = 0.94, 95%CI: 
0.84–1.04), radiation after surgery (HR = 0.68, 95%CI: 
0.47–0.81) or before surgery (HR = 0.55, 95%CI: 0.40–
0.74) were correlated with decreased risk of mortality in 
spCRC patients.

Discussion
This study evaluated the incidence of spCRC, factors 
associated with the occurrence of spCRC and survival of 
spCRC based on the data from SEER database. The results 
delineated that the incidence of spCRC was decreased on 
the whole. Age, gender, insurance, initial primary tumor 
site, histology, T stage, N stage, M stage, AJCC stage, and 
radiation sequence were factors associated with the risk 
of spCRC. The prognosis of spCRC patients was poor 
than ipCRC patients. Age, gender, race, insurance, histol-
ogy, T stage, N stage, M stage, AJCC stage, radiation or 

spCRC​ second primary colorectal cancer, AJCC American Joint Committee on Cancer, RR risk ratio, CI confidence interval

Model 1 Univariate cox regression analysis

Model 2 Multivariable cox regression analysis including variables with statistical difference in Model 1

Table 1  (continued)

Variables OR (95%CI) P OR (95%CI) P

  Unknown 0.46 (0.41–0.51)  < 0.001 0.83 (0.64–1.06) 0.138

Radiation

  No/Unknown Ref

  Yes 0.68 (0.62–0.74)  < 0.001 0.69 (0.57–0.83)  < 0.001

Chemotherapy

  No/Unknown Ref

  Yes 0.70 (0.66–0.74)  < 0.001 0.93 (0.86–1.00) 0.055

Radiation sequence

  Only one Ref Ref

  After 0.93 (0.82–1.05) 0.252 1.52 (1.22–1.88) 0.001

  Before 0.72 (0.63–0.84)  < 0.001 0.95 (0.76–1.20) 0.687

  Both 0.46 (0.21–1.03) 0.059 0.64 (0.28–1.46) 0.288

  Unknown 1.04 (0.39–2.78) 0.940 1.59 (0.59–4.28) 0.358
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Table 2  The baseline characteristics of spCRC patients survived or dead

Groups

Variables Total (n = 4680) Survived (n = 2246) Dead group (n = 2434) Statistics P

Age, Mean ± SD 66.24 ± 12.76 64.33 ± 12.57 67.99 ± 12.68 t = -9.91  < 0.001

Sex, n(%) χ2 = 0.771 0.380

  Female 2061 (44.04) 1004 (44.70) 1057 (43.43)

  Male 2619 (55.96) 1242 (55.30) 1377 (56.57)

Race, n (%) χ2 = 11.400 0.003

  Black 564 (12.05) 253 (11.26) 311 (12.78)

  Unknown 474 (10.13) 260 (11.58) 214 (8.79)

  White 3642 (77.82) 1733 (77.16) 1909 (78.43)

Insurance, n (%) χ2 = 101.191  < 0.001

  Any Medicaid 410 (8.76) 207 (9.22) 203 (8.34)

  Blank 1694 (36.20) 650 (28.94) 1044 (42.89)

  Insured 1930 (41.24) 1052 (46.84) 878 (36.07)

  Insured/No specifics 539 (11.52) 281 (12.51) 258 (10.60)

  Uninsured 107 (2.29) 56 (2.49) 51 (2.10)

Histology, n (%) χ2 = 25.108  < 0.001

  Adenocarcinoma 3320 (70.94) 1543 (68.70) 1777 (73.01)

  Mucous adenocarcinoma 377 (8.06) 181 (8.06) 196 (8.05)

  Signet ring cell carcinoma 60 (1.28) 19 (0.85) 41 (1.68)

  Others 923 (19.72) 503 (22.40) 420 (17.26)

Grade, n (%) χ2 = 16.618  < 0.001

  Grade I/Grade II 3250 (69.44) 1598 (71.15) 1652 (67.87)

  Grade III/Grade IV 761 (16.26) 314 (13.98) 447 (18.36)

  Unknown 669 (14.29) 334 (14.87) 335 (13.76)

T stage, n (%) χ2 = 76.008  < 0.001

  T2 1430 (30.56) 798 (35.53) 632 (25.97)

  T3 2057 (43.95) 926 (41.23) 1131 (46.47)

  T4 588 (12.56) 214 (9.53) 374 (15.37)

  Unknown 605 (12.93) 308 (13.71) 297 (12.20)

N stage, n (%) χ2 = 80.725  < 0.001

  N0 2871 (61.35) 1501 (66.83) 1370 (56.29)

  N1 881 (18.82) 363 (16.16) 518 (21.28)

  N2 519 (11.09) 176 (7.84) 343 (14.09)

  N3 7 (0.15) 3 (0.13) 4 (0.16)

  Unknown 402 (8.59) 203 (9.04) 199 (8.18)

M stage, n (%) χ2 = 71.790  < 0.001

  M0 3982 (85.09) 1964 (87.44) 2018 (82.91)

  M1 339 (7.24) 89 (3.96) 250 (10.27)

  Unknown 359 (7.67) 193 (8.59) 166 (6.82)

AJCC stage, n (%) χ2 = 129.666  < 0.001

  I 1247 (26.65) 716 (31.88) 531 (21.82)

  II 1396 (29.83) 686 (30.54) 710 (29.17)

  III 1150 (24.57) 465 (20.70) 685 (28.14)

  IV 360 (7.69) 103 (4.59) 257 (10.56)

  Unknown 527 (11.26) 276 (12.29) 251 (10.31)

Radiation, n (%) χ2 = 12.997  < 0.001

  No/Unknown 4095 (87.50) 2006 (89.31) 2089 (85.83)

  Yes 585 (12.50) 240 (10.69) 345 (14.17)

Chemotherapy, n (%) χ2 = 20.350  < 0.001
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chemotherapy, and radiation sequence were factors asso-
ciated with the survival of spCRC patients.

Previous epidemiology studies have found that the 
trends of CRC were stabilizing or decreasing in highly 
developed countries including Canada and in Northern 
Europe [19]. Kanth et al. conducted a review on screen-
ing and prevention of CRC, which revealed that the 
incidence of CRC has been declining in some countries 
such as North America [20]. Herein, we found that the 
overall incidence of spCRC was decreased, this might be 
attributed to improved treatments of the initial primary 
cancers, as the initial primary cancers status were risk 
factors for spCRC [10]. A previous study from Bae et al. 
indicated that the occurrence of spCRC showed high rate 
in the initial 2–4 years following the diagnoses of initial 
primary cancers [15]. Appropriate and timely treatments 
for initial primary cancers might reduce the incidence of 
spCRC.

Emerging studies have observed that the incidence of 
CRC was increased in young patients [21]. Bailey et  al. 
estimated that the incidence of colon and rectal cancers 
including initial primary cancer and second primary 
tumor might increase by 90% and 124%, respectively, 
for patients aged 20–34  years by 2030 [22]. Sung et  al. 
indicated that one of the most alarming current health-
care issues is the rise in CRC incidence in individu-
als aged 20–49  years [23]. Another epidemiology study 
based on a large integrated health system observed 
a rising rate of CRC incidence in 18–49  years’ peo-
ple [24]. These findings might give support of the find-
ings in our study, showing that the incidence of spCRC 
was increased in 15–39  years during 2004–2006, and 
2008–2009. Although the trends of incidence of spCRC 
was decreased during 2009–2016, the high incidence of 
spCRC in young people still requires attention. More 
and more young people tend to have bad habits such as 

spCRC​ second primary colorectal cancer, ipCRC​ initial primary colorectal cancer, AJCC American Joint Committee on Cancer

Table 2  (continued)

Groups

Variables Total (n = 4680) Survived (n = 2246) Dead group (n = 2434) Statistics P

  No/Unknown 2990 (63.89) 1509 (67.19) 1481 (60.85)

  Yes 1690 (36.11) 737 (32.81) 953 (39.15)

Radiation sequence, n (%) - 0.004

  Only one 4217 (90.11) 2044 (91.01) 2173 (89.28)

  After surgery 261 (5.58) 98 (4.36) 163 (6.70)

  Before surgery 192 (4.10) 97 (4.32) 95 (3.90)

  Both 6 (0.13) 4 (0.18) 2 (0.08)

  unknown 4 (0.09) 3 (0.13) 1 (0.04)

Fig. 7  The survival curves of patients with ipCRC and spCRC​
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Table 3  Factors associated with the mortality of ipCRC and spCRC​

ipCRC​ spCRC​

Model 1 Model 2 Model 1 Model 2

HR P HR P HR P HR P

Age 1.04 (1.04–1.04)  < 0.001 1.04 (1.04–1.04)  < 0.001 1.02 (1.01–1.02)  < 0.001 1.02 (1.02–1.03)  < 0.001

Gender

  Female Ref Ref Ref Ref

  Male 1.00 (0.99–1.01) 0.999 0.88 (0.87–0.89)  < 0.001 1.05 (0.97–1.14) 0.236 1.13 (1.04–1.23) 0.003

Race

  White (ref ) Ref Ref Ref Ref

  black 1.10 (1.09–1.12)  < 0.001 1.15 (1.13–1.17)  < 0.001 1.14 (1.01–1.29) 0.031 1.20 (1.06–1.35) 0.004

  Other 0.83 (0.81–0.84)  < 0.001 0.86 (0.84–0.87)  < 0.001 - -

  Unknown 0.13 (0.11–0.15)  < 0.001 0.18 (0.15–0.21)  < 0.001 0.86 (0.74–0.99) 0.033 0.89 (0.77–1.02) 0.100

Insurance

  Insured Ref Ref Ref Ref

  Uninsured 1.56 (1.54–1.59)  < 0.001 1.45 (1.42–1.47)  < 0.001 1.02 (0.77–1.36)  < 0.001 1.36 (1.16–1.59) 0.001

  Insured/No specifics 1.16 (1.14–1.17)  < 0.001 1.13 (1.11–1.14)  < 0.001 1.10 (0.96–1.27) 0.1726 0.76 (0.69–0.83)  < 0.001

  Any Medicaid 1.30 (1.28–1.32)  < 0.001 1.10 (1.08–1.12)  < 0.001 1.35 (1.19–1.57) 0.001 1.09 (0.94–1.25) 0.250

  Unknown 1.28 (1.24–1.33)  < 0.001 1.45 (1.40–1.51)  < 0.001 0.73 (0.66–0.80) 0.730 1.22 (0.92–1.63) 0.167

Site

  Right colon Ref Ref Ref Ref

  Left colon 0.79 (0.78–0.80)  < 0.001 0.94 (0.93–0.95)  < 0.001 0.77 (0.67–0.89)  < 0.001 0.87 (0.74–1.02) 0.081

  Others 2.81 (2.74–2.88)  < 0.001 1.35 (1.31–1.38)  < 0.001 0.89 (0.78–1.03) 0.113 1.12 (0.95–1.33) 0.184

  Rectum 0.78 (0.77–0.79)  < 0.001 0.88 (0.86–0.89)  < 0.001 0.93 (0.61–1.41) 0.734 1.61 (0.86–3.01) 0.134

Histology

  Adenocarcinoma Ref Ref Ref Ref

  Mucous adenocarcinoma 1.14 (1.12–1.16)  < 0.001 1.06 (1.04–1.08)  < 0.001 0.91 (0.79–1.06) 0.226 0.88 (0.75–1.02) 0.084

  Signet ring cell carcinoma 2.22 (2.13–2.32)  < 0.001 1.40 (1.34–1.46)  < 0.001 1.64 (1.20–2.24) 0.002 1.64 (1.19–2.25) 0.002

  Others 0.71 (0.70–0.72)  < 0.001 0.85 (0.83–0.86)  < 0.001 0.80 (0.72–0.88)  < 0.001 0.93 (0.82–1.06) 0.259

Grade

  Grade I/Grade II Ref Ref Ref Ref

  Grade III/Grade IV 1.48 (1.45–1.51)  < 0.001 1.15 (1.11–1.18)  < 0.001 1.20 (1.08–1.33)  < 0.001 0.99 (0.89–1.11) 0.947

  Unknown 2.01 (1.96–2.06)  < 0.001 1.27 (1.22–1.30)  < 0.001 0.95 (0.84–1.07) 0.367 1.05 (0.91–1.22) 0.507

T stage

  T1/T2 Ref Ref Ref Ref

  T3 1.52 (1.50–1.55)  < 0.001 1.17 (1.14–1.20)  < 0.001 1.46 (1.33–1.61)  < 0.001 1.12 (0.93–1.37) 0.224

  T4 3.25 (3.19–3.30)  < 0.001 1.76 (1.71–1.80)  < 0.001 2.23 (1.96–2.54)  < 0.001 1.63 (1.32–2.01)  < 0.001

  Unknown 0.69 (0.66–0.72)  < 0.001 1.17 (1.14–1.20)  < 0.001 1.25 (1.09–1.44) 0.001 1.19 (0.85–1.67) 0.030

N stage

  N0 Ref Ref Ref Ref

  N1 1.52 (1.50–1.54)  < 0.001 1.18 (1.15–1.21)  < 0.001 1.45 (1.31–1.61)  < 0.001 1.06 (0.85–1.32) 0.586

  N2 2.45 (2.42–2.49)  < 0.001 1.80 (1.76–1.84)  < 0.001 1.91 (1.70–2.15)  < 0.001 1.36 (1.08–1.72) 0.010

  N3 - - - - 1.85 (0.69–4.94) 0.219 - -

  NX 1.81 (1.78–1.84)  < 0.001 1.05 (1.02–1.08)  < 0.001 1.07 (0.92–1.24) 0.382 1.86 (0.66–5.22) 0.241

M stage

  M0 Ref Ref Ref Ref

  M1 5.54 (5.48–5.61)  < 0.001 3.00 (2.61–3.45)  < 0.001 2.44 (2.13–2.78)  < 0.001 4.51 (2.00–10.18) 0.001

  MX 1.23 (1.21–1.26)  < 0.001 0.76 (0.73–0.79)  < 0.001 0.85 (0.73–0.99) 0.044 0.75 (0.52–1.08) 0.120

AJCC

  0 Ref Ref

  I 1.20 (1.16–1.25)  < 0.001 1.14 (1.10–1.19)  < 0.001 Ref - Ref
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smoking and sedentary lifestyle, which were identified 
to be risk factors for CRC. Incidence of spCRC varies in 
cancer patients with different characteristics and iden-
tifying a population who are at high risk of developing 
spCRC is essential for optimal surveillance and man-
agement of patients with cancers. For cancer patients at 
young age, more actively treatments were required and 
healthier lifestyles and habits were advocated. In the cur-
rent study, age, treatments such as chemotherapy, gender, 
race, grade, TNM stage, and AJCC stage were identified 
to be factors associated with spCRC. These were sup-
ported by various previous studies, which proposed that 
older age [25], well-differentiated disease, SEER distant 
staging, and male gender [10], and Black people [26, 
27] were risk factors for developing spCRC. For cancer 
patients who bear these characteristics, early screening of 
spCRC was needed.

Pruitt et  al. demonstrated that patients with previous 
cancer generally had worse overall survival compared to 
those without [12]. Chen et  al. compared the prognosis 
between patients with ipCRC and spCRC, and revealed 
that patients with spCRC had worse prognosis than 
patients with ipCRC [9]. These data provided evidence 
to the results of the present study, which found that the 
overall survival of spCRC patients was lower than ipCRC 
patients. Some other studies demonstrated that the prog-
nosis of patients with spCRC were similar with those 
with ipCRC [28, 29]. This disagreement might because 
of different databases used in these studies. Considering 
SEER program was a nationwide database, more spCRC 

patients were analyzed in this study, which suggested that 
the results might be reliable.

Factors including race, histology, tumor grade, TNM 
stage and AJCC stage associated with the outcomes of 
ipCRC and spCRC were evidenced by various studies 
[30–32]. In the current study, increased age was asso-
ciated with elevated risk of death in both ipCRC and 
spCRC patients. This was supported by several previ-
ous studies. A study of Mohd et al. depicted that age was 
correlated with the lymph node metastasis and tumor 
metastasis in CRC patients, which implied that age was a 
factor associated with the prognosis of CRC patients [33]. 
Another important finding in this study was that tumor 
site was a prognostic factor for ipCRC patients. We found 
that tumor sites at left colon and rectum were associated 
with decreased risk of mortality in ipCRC patients. There 
was evidence showing that sidedness of CRC influenced 
the risk of second primary gastrointestinal malignan-
cies [34]. Previously, the differences of right-sided colon 
cancer and left-sided colon cancer were widely noted 
[35, 36]. Patients with left-sided colon cancers showed 
a higher sensitivity to bevacizumab treatment and had 
longer survival than those with right-sided colon can-
cers [37, 38]. On the other hand, Takamizawa et al. com-
pared the role of primary tumor location in patients 
with colorectal liver metastasis, and found rectal cancer 
might have worse relapse-free survival and overall sur-
vival compared with left-sided colon cancer in patients 
with colorectal liver metastases who underwent hepatic 
resection [39]. The differences among left-sided colon 

spCRC​ second primary colorectal cancer, ipCRC​ initial primary colorectal cancer, AJCC American Joint Committee on Cancer, HR hazard ratio, CI confidence interval

Model 1 Univariate cox regression analysis

Model 2 Multivariable cox regression analysis including variables with statistical difference in Model 1

Table 3  (continued)

ipCRC​ spCRC​

Model 1 Model 2 Model 1 Model 2

HR P HR P HR P HR P

  II 1.68 (1.62–1.75)  < 0.001 1.24 (1.18–1.30)  < 0.001 1.39 (1.24–1.55)  < 0.001 1.15 (0.93–1.43) 0.188

  III 2.18 (2.09–2.27)  < 0.001 1.55 (1.48–1.63)  < 0.001 1.85 (1.65–2.07)  < 0.001 1.47 (1.08–1.98) 0.013

  IV 9.31 (8.95–9.68)  < 0.001 1.84 (1.59–2.13)  < 0.001 3.08 (2.65–3.58)  < 0.001 0.61 (0.27–1.36) 0.227

  Unknown stage 2.47 (2.37–2.57)  < 0.001 1.84 (1.74–1.94)  < 0.001 1.23 (1.06–1.43) 0.006 1.14 (0.79–1.63) 0.483

  Radiation (No/Unknown) 1.06 (1.05–1.08)  < 0.001 1.04 (1.01–1.07)  < 0.001 1.23 (1.10–1.38)  < 0.001 1.82 (1.43–2.33)  < 0.001

  Chemotherapy 0.85 (0.84–0.86)  < 0.001 1.47 (1.45–1.49)  < 0.001 1.29 (1.19–1.40)  < 0.001 0.94 (0.84–1.04)  < 0.001

Radiation sequence

  Only one Ref Ref Ref Ref

  After surgery 0.90 (0.88–0.93)  < 0.001 1.39 (1.33–1.44)  < 0.001 1.24 (1.06–1.46) 0.007 0.68 (0.47–0.81) 0.001

  Before surgery 0.60 (0.58–0.61)  < 0.001 1.35 (1.31–1.40)  < 0.001 0.95 (0.77–1.16) 0.597 0.55 (0.40–0.74)  < 0.001

  Both 0.77 (0.56–1.08) 0.128 1.17 (0.84–1.64) 0.347 0.44 (0.11–1.76) 0.246 0.37 (0.09–1.49) 0.160

  Unknown 1.79 (1.55–2.05)  < 0.001 1.39 (1.20–1.60)  < 0.001 0.39 (0.06–2.78) 0.349 0.39 (0.05–2.80) 0.350
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cancer, right-sided colon cancer and rectal cancer might 
be because left-sided colon cancer have better prognostic 
markers such as p53, and NRAS mutations, which might 
provide references for offering timely interventions for 
those with high risk of poor prognosis [40]. These find-
ings suggested that patients with ipCRC or spCRC with 
the primary tumor site at left colon, right colon or rec-
tum should be considered distinct entities, and the inter-
ventions should be provided based on the tumor sites.

The present study analyzed the incidence of spCRC 
using the large sample size from SEER database. Cancer 
survivors registered in SEER database were followed-up, 
which could better evaluate the incidence of spCRC. Our 
analysis extended the current understanding of the risk of 
spCRC that cancer survivors faced. The estimation of the 
risk of spCRC among previous cancer cases might sug-
gest the need for long-term follow-up surveillance for 
cancer patients and lead to patient-specific surveillance 
monitoring. The findings might also inform future targeted 
screening strategies among cancer survivors as well as help 
identify individuals who might benefit maximally from ter-
tiary prevention strategies. Several limitations existed in the 
current study. Firstly, this was a retrospective study, patients 
with distant metastasis might be mistaken for spCRC, and 
we excluded patients with interval between the diagnosis 
of initial primary cancers and spCRC (latency) < 6 months, 
and histology being the same if the primary site is the same 
as the primary site of the initial primary cancers to reduce 
these errors. Secondly, variables including eating habits and 
living habits of patients such as smoking and drinking sta-
tus, and genetic information were not included, which were 
reported to be associated with the risk of cancers [41–43], 
which might influence the results. The findings of our study 
still required validations in more studies.

Conclusions
Our study used a large scale of data from SEER database 
to evaluate the incidence of spCRC, factors associated 
with the occurrence of spCRC and survival of spCRC 
based on the data from SEER database. We found that 
the incidence of spCRC was decreased except in peo-
ple with initial primary tumor grade IV and those aged 
15–39 years. The screening of CRC should be performed 
in more people at young age. The overall survival of 
spCRC patients was lower than ipCRC patients. Cancer 
patients with older age, high tumor grade, TNM stage, 
and AJCC stage should be caution to the occurrence of 
spCRC and timely interventions should be provided for 
spCRC patients to improve their outcomes. The find-
ings might also inform future targeted screening strate-
gies among cancer survivors, and suggested the need for 
long-term follow-up surveillance for cancer patients.

Abbreviations
CRC​	� Colorectal cancer
SPM	� Second primary malignancies
ipCRC​	� Initial primary CRC​
ICD-O	� International classification of diseases for oncology
SEER	� Surveillance, epidemiology, and end results
AJCC	� American joint committee on cancer
APC	� Annual percentage change

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s12876-​023-​02893-2.

Additional file 1: Supplementary Figure 1. The initial primary tumor 
sites of spCRC patients.

Acknowledgements
Not applicable.

Authors’ contributions
WL designed the study and wrote the manuscript. CL collected, analyzed and 
interpreted the data. WL critically reviewed, edited and approved the manu-
script. All authors read and approved the final manuscript.

Funding
This study was supported by Health Commission of Guangdong Province (No. 
B2021311).

Availability of data and materials
The datasets generated and/or analyzed during the current study are available 
in the SEER database, https://​seer.​cancer.​gov/.

Declarations

Ethics approval and consent to participate
The requirement of ethical approval for this was waived by the Institutional 
Review Board of The Sixth Affiliated Hospital, School of Medicine, South China 
University of Technology, because the data was accessed from SEER (a publicly 
available database). All individuals provided written informed consent before 
participating in the study. All methods were carried out in accordance with 
relevant guidelines and regulations (declaration of Helsinki).

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Gastroenterology department of The Sixth Affiliated Hospital, School of Medi-
cine, South China University of Technology, 120# Guidan Road, Nanhai District, 
Foshan 528200, Guangdong Province, China. 

Received: 11 April 2023   Accepted: 18 July 2023

References
	1.	 Siegel RL, Miller KD, Fuchs HE, Jemal A. Cancer statistics, 2022. CA Cancer 

J Clin. 2022;72:7–33.
	2.	 Xi Y, Xu P. Global colorectal cancer burden in 2020 and projections to 

2040. Transl Oncol. 2021;14:101174.
	3.	 Mayer DK, Alfano CM. Personalized risk-stratified cancer follow-up care: its 

potential for healthier survivors, happier clinicians, and lower costs. J Natl 
Cancer Inst. 2019;111:442–8.

https://doi.org/10.1186/s12876-023-02893-2
https://doi.org/10.1186/s12876-023-02893-2
https://seer.cancer.gov/


Page 14 of 14Lun and Luo ﻿BMC Gastroenterology          (2023) 23:253 

	4.	 Hoxhaj I, Vukovic V, Boccia S, Pastorino R. Single nucleotide polymor-
phisms and the risk of developing a second primary cancer among head 
and neck cancer patients: a systematic literature review and meta-analy-
sis. BMC Cancer. 2021;21:660.

	5.	 Chaturvedi VK, Singh A, Singh VK, Singh MP. Cancer nanotechnology: 
a new revolution for cancer diagnosis and therapy. Curr Drug Metab. 
2019;20:416–29.

	6.	 Donin N, Filson C, Drakaki A, Tan HJ, Castillo A, Kwan L, et al. Risk of sec-
ond primary malignancies among cancer survivors in the United States, 
1992 through 2008. Cancer. 2016;122:3075–86.

	7.	 Rasmussen LA, Jensen H, Virgilsen LF, Falborg AZ, Møller H, Vedsted P. 
Time from incident primary cancer until recurrence or second primary 
cancer: risk factors and impact in general practice. Eur J Cancer Care. 
2019;28:e13123.

	8.	 Mariotto AB, Rowland JH, Ries LA, Scoppa S, Feuer EJ. Multiple cancer 
prevalence: a growing challenge in long-term survivorship. Cancer Epide-
miol Biomarkers Prev. 2007;16:566–71.

	9.	 Chen Q, Zhao S, Song Y, Gao P, Sun J, Chen X, et al. Do Patients with sec-
ond primary colorectal cancer hold the similar prognosis and therapeutic 
benefits as those with initial primary colorectal cancer? Biomed Res Int. 
2018;2018:6172670.

	10.	 Yang L, Xiong Z, Xie QK, He W, Liu S, Kong P, et al. Second primary 
colorectal cancer after the initial primary colorectal cancer. BMC Cancer. 
2018;18:931.

	11.	 Liu L, Lemmens VE, De Hingh IH, de Vries E, Roukema JA, van Leer-
dam ME, et al. Second primary cancers in subsites of colon and 
rectum in patients with previous colorectal cancer. Dis Colon Rectum. 
2013;56:158–68.

	12.	 Pruitt SL, Gerber DE, Zhu H, Heitjan DF, Maddineni B, Xiong D, et al. 
Survival of patients newly diagnosed with colorectal cancer and with a 
history of previous cancer. Cancer Med. 2021;10:4752–67.

	13.	 Yang J, Wu F, An H, Gan H. Incidence and risk outcomes of second 
primary malignancy of patients with post-operative colorectal cancer. Int 
J Colorectal Dis. 2023;38(1):88.

	14.	 Chen Y, Han C, Huang Y, Liu C, Sheng S, Ji L, et al. The incidence of second 
primary cancer in male and female patients with initial colorectal cancer: 
a SEER population-based study. Eur J Cancer Prev. 2022;31(5):430–41.

	15.	 Bae S, Asadi M, Jones I, McLaughlin S, Bui A, Steele M, et al. Second 
primary colorectal cancer in the era of prevalent screening and imaging. 
ANZ J Surg. 2013;83(12):963–7.

	16.	 Cao S, Li J, Zhang J, Li H. Development and validation of a prognos-
tic nomogram for predicting the overall survival of myxofibrosar-
coma patients: a large population-based study. Transl Cancer Res. 
2021;10:923–37.

	17.	 Curtis RE FD, Ron E, et al. New Malignancies Among Cancer Survivors: 
SEER Cancer Registries, 1973–2000. NIH Publication no 5–5302. Bethesda, 
MD: National Cancer Institute; 2006.

	18.	 Chen XL, Wei YA, Ren XH, Zhang X, Li GY, Lu ZW, et al. Predictive factors for 
successful sperm retrieval by microdissection testicular sperm extraction 
in men with nonobstructive azoospermia and a history of cryptorchid-
ism. Asian J Androl. 2022;24(5):503–8.

	19.	 Arnold M, Abnet CC, Neale RE, Vignat J, Giovannucci EL, McGlynn KA, 
et al. Global burden of 5 major types of gastrointestinal cancer. Gastroen-
terology. 2020;159:335-49.e15.

	20.	 Kanth P, Inadomi JM. Screening and prevention of colorectal cancer. BMJ 
(Clinical research ed). 2021;374:n1855.

	21.	 Cai L, Bennedsen ALB, Qvortrup C, Gögenur I. Increasing inci-
dence of colorectal cancer in young patients. Ugeskrift Laeger. 
2019;182(1):V09190524.

	22.	 Bailey CE, Hu CY, You YN, Bednarski BK, Rodriguez-Bigas MA, Skibber JM, 
et al. Increasing disparities in the age-related incidences of colon and rec-
tal cancers in the United States, 1975–2010. JAMA Surg. 2015;150:17–22.

	23.	 Sung JJY, Chiu HM, Jung KW, Jun JK, Sekiguchi M, Matsuda T, et al. 
Increasing trend in young-onset colorectal cancer in Asia: more cancers 
in men and more rectal cancers. Am J Gastroenterol. 2019;114:322–9.

	24.	 Vakil N, Ciezki K, Singh M. Colorectal cancer in 18- to 49-year-olds: rising 
rates, presentation, and outcome in a large integrated health system. 
Gastrointest Endosc. 2021;94:618–26.

	25.	 Pretzsch E, Nieß H, Bösch F, Westphalen CB, Jacob S, Neumann J, et al. 
Age and metastasis - How age influences metastatic spread in cancer. 
Colorectal cancer as a model. Cancer Epidemiol. 2022;77:102112.

	26.	 Howlader N NAKMea. SEER Cancer Statistics Review, 1975–2017, National 
Cancer Institute. Bethesda, MD; 2020. Based on November 2019 SEER 
data submission, posted to the SEER web site. https://​seer.​cancer.​gov/​csr/​
1975_​2017/.

	27.	 Bibbins-Domingo K, Grossman DC, Curry SJ, Davidson KW, Epling JW Jr, 
García FAR, et al. Screening for colorectal cancer: US preventive services 
task force recommendation statement. JAMA. 2016;315:2564–75.

	28.	 Huang CS, Yang SH, Lin CC, Lan YT, Chang SC, Wang HS, et al. Synchro-
nous and metachronous colorectal cancers: distinct disease entities or 
different disease courses? Hepatogastroenterology. 2015;62:838–42.

	29.	 Lee TK, Barringer M, Myers RT, Sterchi JM. Multiple primary carcinomas of 
the colon and associated extracolonic primary malignant tumors. Ann 
Surg. 1982;195:501–7.

	30.	 Ding X, Tian S, Hu J, Wang G, Yu X, Fu D, et al. Risk and prognostic nomo-
grams for colorectal neuroendocrine neoplasm with liver metastasis: a 
population-based study. Int J Colorectal Dis. 2021;36:1915–27.

	31.	 Nikolic N, Radosavljevic D, Gavrilovic D, Nikolic V, Stanic N, Spasic J, et al. 
Prognostic factors for post-recurrence survival in stage II and III colorectal 
carcinoma patients. Medicina (Kaunas, Lithuania). 2021;57(10):1108.

	32.	 Hameed Y, Usman M, Liang S, Ejaz S. Novel diagnostic and prognostic 
biomarkers of colorectal cancer: capable to overcome the hetero-
geneity-specific barrier and valid for global applications. PLoS One. 
2021;16:e0256020.

	33.	 Mohd Y, Balasubramanian B, Meyyazhagan A, Kuchi Bhotla H, Shan-
mugam SK, Ramesh Kumar MK, et al. Extricating the association between 
the prognostic factors of colorectal cancer. J Gastrointest Cancer. 
2021;52:1022–8.

	34.	 Broman KK, Bailey CE, Parikh AA. Sidedness of colorectal cancer impacts 
risk of second primary gastrointestinal malignancy. Ann Surg Oncol. 
2019;26:2037–43.

	35.	 Wang F, Bai L, Liu TS, Yu YY, He MM, Liu KY, et al. Right-sided colon cancer 
and left-sided colorectal cancers respond differently to cetuximab. Chin J 
Cancer. 2015;34:384–93.

	36.	 Zhong M, Wu B. Recent advances on the differences between left- and 
right-sided colorectal cancer. Zhongguo Yi Xue Ke Xue Yuan Xue Bao 
Acta Acad Med Sinicae. 2021;43:980–5.

	37.	 Shen H, Yang J, Huang Q, Jiang MJ, Tan YN, Fu JF, et al. Different treatment 
strategies and molecular features between right-sided and left-sided 
colon cancers. World J Gastroenterol. 2015;21:6470–8.

	38.	 von Einem JC, Heinemann V, von Weikersthal LF, Vehling-Kaiser U, Stauch 
M, Hass HG, et al. Left-sided primary tumors are associated with favorable 
prognosis in patients with KRAS codon 12/13 wild-type metastatic 
colorectal cancer treated with cetuximab plus chemotherapy: an analysis 
of the AIO KRK-0104 trial. J Cancer Res Clin Oncol. 2014;140:1607–14.

	39.	 Takamizawa Y, Shida D, Horie T, Tsukamoto, Esaki M, Shimada K, et al. 
Prognostic role for primary tumor location in patients with colorectal 
liver metastases: a comparison of right-sided colon, left-sided colon, and 
rectum. Dis Colon Rectum. 2023;66(2):233–42.

	40.	 Borakati A, Froghi F, Shetye A, Fusai GK, Davidson BR, Mirnezami R. Assess-
ing the impact of primary tumour location on survival after resection of 
colorectal liver metastases: a propensity weighted retrospective cohort 
study. World J Surg. 2022;46:1734–55.

	41.	 Liu Y, Wang J, Li L, Qin H, Wei Y, Zhang X, et al. AC010973.2 promotes cell 
proliferation and is one of six stemness-related genes that predict overall 
survival of renal clear cell carcinoma. Sci Rep. 2022;12(1):4272.

	42.	 Jiang S, Ren X, Liu S, Lu Z, Xu A, Qin C, et al. Integrated analysis of the 
prognosis-associated rna-binding protein genes and candidate drugs in 
renal papillary cell carcinoma. Front Genet. 2021;12:627508.

	43.	 Zhang D, Xu X, Wei Y, Chen X, Li G, Lu Z, et al. Prognostic role of DNA 
damage response genes mutations and their association with the 
sensitivity of olaparib in prostate cancer patients. Cancer Control. 
2022;29:10732748221129452.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://seer.cancer.gov/csr/1975_2017/
https://seer.cancer.gov/csr/1975_2017/

	Second primary colorectal cancer in adults: a SEER analysis of incidence and outcomes
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Background
	Methods
	Study design and population
	Variables
	Outcome variables
	Definition of spCRC​
	Statistical analysis

	Results
	The epidemiological trends of spCRC incidence
	Factors associated with the occurrence of spCRC​
	The characteristics of spCRC patients
	Factors associated with the survival of spCRC patients

	Discussion
	Conclusions
	Anchor 21
	Acknowledgements
	References


