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Abstract

Background
Colorectal cancer (CRC) is the third most frequent cancer diagnosis and the second leading cause of cancer-related death. There is evidence of an
increased risk of developing a second primary colorectal cancer in CRC patients.

Objective
This systematic review and meta-analysis aims to provide a pooled relative risk of second primary cancer after colorectal cancer (SPCAC) in CRC patients
based on available evidence.

Data
Sources: Medline (via PubMed), Web of Science, and Scopus databases were searched for English cohort studies that reported standard incidence ratio
(SIR) of SPCAC up to 10 Aug 2020. Heterogeneity across included studies was determined using the I2 statistic. We used the random‐effect models for
pooled Standard Incidence Ratio (SIR) and 95% con�dence intervals (CIs).

Study Selection
: Studies included if they met the following criteria: original studies with cohort design in the English language; studies that investigated and reported the
SIR of second primary cancer after colorectal, colon, and rectum cancer.

Main Outcome Measures
: The pooled SIR of SPCAC based on the primary site of cancer was measured.

Results
Through 30 extracted papers, 142429 con�rmed SPCAC adult patients (more than 19 years old) were included in this meta-analysis. The SIR of SPCAC was
1.27 (95% CI 1.16–1.37) and was reported by 12 studies. The SIR of SPCAC for digestive, reproductive, and urinary organ’s involvement was 1.31 (95% CI
0.89–1.72), 1.45 (95% CI 0.99–1.90), and 1.27 (95% CI 1.10–1.45), respectively.

Limitations
: Unavailable confounding characteristics such as smoking, alcohol intake, physical activity, food, and lifestyle, may restrict the �ndings.

Conclusions
Colorectal cancer survivors (CCSs) are more vulnerable to SPCAC of the small intestine and endometrium. The result of this study might be helpful for both
clinicians and policymakers. Further investigations on etiologic factors for prevention and early diagnosis of SPCAC are suggested.

Introduction
Colorectal cancer (CRC) is the third most frequent cancer diagnosis and the second leading cause of cancer-related death (1). Although lifestyle
advancement as well as early detection tests and treatment improvement lead to increased survival of CRC patients (2–4).

The median overall survival of stage IV CRC was 12 months in the 1990s increased to over 24 months (5, 6). Increasing survival rates of CRC patients as
well as decreasing age of incidence (7, 8) might re�ect additional considerations to second primary cancers (8, 9).

Second primary cancer after complete remission of CRC is estimated to occur in 2–4 percent of cancer patients and colorectal and stomach cancers were
the most prevalent primary cancers respectively(10) (11, 12). Second primary cancer is the fourth leading cause among colorectal cancer patients and
identifying prevalent malignancies among survivors could lead to better follow-up and management of the disease (13). Evidence for occurrence (the
relative risk) of Second primary cancer after colorectal cancer (SPCAC) through cohort studies are controversial(14). The aim of this study was to review
the evidence of SPCAC through cohort studies.

Methods
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Protocol and Registration
Our systematic review and meta-analysis were performed and reported using the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guideline. The International Prospective Register of Systematic Reviews was used to register this systematic review and meta-analysis.
(PROSPERO; No.: CRD42020151253).

Search strategy
Electronic databases were systematically searched in Medline (via PubMed), Web of Science (WoS), and Scopus for English articles since the inception up
to 10 Aug 2020. There was no limitation on the inclusion of different types of published papers (pre-print of published articles). Retrospective as well as
prospective cohort studies were included in this systematic review and meta-analysis. Two researchers independently searched the following Medical
Subject Heading (MeSH) keywords: "secondary OR progress OR Survivor OR primary," and "Benign Neoplasms OR Neoplasia OR Malignancies OR
carcinoma " in combination with "Colorectal Cancer OR Colorectal Tumor OR Colorectal Carcinoma" which were also combined with and/or/not to �nd more
articles. A combination of keywords and free text was used to broaden the search result. The reference lists of relevant studies and previous reviews
manually were checked to retrieve more studies.

Eligible criteria
Studies included in our study if they met the following criteria: original studies with cohort design in English language; studies that investigated and
reported the SIR of second primary cancer after colorectal, colon and rectum cancer. Studies on patients with untreated colon cancer, patients with
metastases, did not report the SIR of SPCAC, animal studies, and studies that had incomplete data were excluded. All the case reports, cross-sectional
studies, expert opinion articles, letters to the editors, review articles books, and animal studies were also excluded.

Study Selection
Two independent researchers (A. N. and P. M) assessed all retrieved reports using our inclusion and exclusion criteria. Disagreements were resolved through
consensus or discussion with a third author (15). Duplicated papers were removed, and after the screen of titles and abstracts, full texts were assessed to
determine whether the study met the inclusion criteria.

Quality assessment
Two authors independently valued the selected articles using the modi�ed version of the Newcastle-Ottawa Quality Assessment (NOS), based on a previous
study(16). The studies were assessed for selection, comparability,  and exposure/outcome. A study with a NOS score of ≥ 7 was considered good quality.

Data extraction
Two independent researchers (A. N. and P. M.) extracted the following data from included studies: �rst author's name, year of publication, type of
publication, country, total sample size, study design, number of patients’ with SPCAC, location of SPCAC, and type of secondary cancer. The SIR
(standardized incidence ratio), is de�ned as the ratio of the number of observed secondary cancer in colorectal cancer survivors to the number of expected
cancer cases(17).

Statistical analysis
Statistical analysis was performed using STATA version 11.0 (Stata Corp., College Station, TX). Heterogeneity among included studies was assessed using
the I 2 statistic. I2 above 70% was considered as the existence of signi�cant heterogeneity. A random-effects model for I2 > 50% was used to pool the results
according to the results of heterogeneity. Moreover, subgroup analysis was performed on primary site of cancer. Pooled SIR was used to assess the
concerned outcomes.

Results
Selection Procedures

A total of 6676 citations were identi�ed through electronic database searches (PubMed: 2169

Scopus: 2253, WoS: 2254). After excluding 3507 duplicated papers, 3169 records were included after the screening. After title review, 435 records were
included for abstract review. Then 305 records were excluded during abstract review process and 130 papers were selected for full-text eligibility
assessment. Finally, after excluding 90 records, 30 studies were included into the meta-analysis. We summarized the process of study identi�cation and
selection in the PRISMA �ow diagram in Figure 1.

 

Study Characteristics

Among 30 extracted papers, a total of 142429 con�rmed adult cases (older than 19 years old) of SPCAC were assessed for meta-analysis. All of the
included studies were cohorts. Also, most of the included studies were investigated SIR of SPCAC in developed countries. The characteristics of included
studies are presented in Table 1.
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Meta-analysis of outcome: 

 

Incidence rate of SPCAC based on primary site of cancer 

The pooled SIR of SPCAC were reported by 12 studies was 1.27 (95% CI 1.16-1.37). Furthermore, incidence of SPC in patients with colon cancer and rectum
cancer were studied by 3 and 4 studies with SIR of 1.11 (95% CI 1.04-1.17) and 1.04 (95% CI 0.99 – 1.09) respectively. The SIR of SPC in left colon and right
colon cancer were divided in 4 studies which were 1.39 (95% CI 1.11-1.66) and 1.44 (95% CI 1.26-1.61) respectively. (Fig. 2 and Table 2)

 

Incidence rate of SPCAC based on secondary site of involvement

1. Digestive system

Findings demonstrated that the SIR of digestive system cancer after colorectal and rectum cancer were 1.31 (95% CI 0.89-1.72) and 1.43 (95% CI 0.27-
2.59) respectively (Table 2).  Second digestive system cancer also might be categorized based on type of organs (Table 2). Second small intestine cancer
after colorectal cancer had highest SIR with 3.68. SIR of secondary cancer of colon, after colorectal cancer was 1.59. The SIR of cancer of small intestine
after rectum cancer was 2.33 (Table 2) 

2. Reproductive system

The SIR of reproductive system cancer after colorectal cancer were reported in 4 studies and it was 1.45 (Table 2). SIR of Second cancer of endometrium
after colorectal cancer was 3.03 while SIR of second ovary cancer after colorectal, and colon cancer were 1.51 and, 1.74. (Table 2) 

 

3. Urinary system

The SIR of urinary system cancer after colorectal and rectum cancer were investigated by 5 and 2 studies were 1.27 (1.10-1.45) and 1.23 (1.12-
1.35) respectively (Table 2). The SIR of second cancer of bladder, kidney and prostate after colorectal cancer were 1.2, 1.34 and 1.17 respectively. The SIR
of cancer of bladder, kidney and prostate after colon cancer were 1.04, 1.46 and 1.15 respectively. The SIR of cancer of bladder and kidney after rectum
cancer were 1.20 and 1.28 respectively. (Table 2)

4. Other organs

The SIR of central nervous system cancer after colorectal cancer and rectum cancer were investigated by 3 and 2 studies and their SIR were 1.24 and 0.41
respectively. The SIR of cervical cancer after colorectal, colon and rectum cancer were demonstrated by 2, 2 and 4 studies and correspondence SIR were
1.04, 1.09 and 1 respectively. The SIR of female breast cancer after colorectal, colon and rectum cancer were reported by 4, 3 and 4 studies and their
incidence rate were 1.07, 1.13 and 1.03 respectively. The SIR of hematological cancer after colorectal, colon and rectum cancer were reported by 4, 3 and 4
studies and their SIR were 1.07, 1.13 and 1.03 respectively. The SIR of lung cancer after colorectal and rectum cancer were reported by 6 and 5 studies and
their SIR were 1.16 and 1.46 respectively. The SIR of lymphoma after colorectal cancer were reported by 2 studies and the SIR was 1.38. The SIR of skin
cancer after colorectal and rectum cancer were reported by 2 studies and their SIR were 1.38 and 1. 19 respectively. The SIR of thyroid cancer after
colorectal, colon and rectum cancer were demonstrated by 2, 2 and 3 studies and their incidence rate were 1.5, 1.58 and 1.41 respectively. (Table 2)

Quality assessment:

All included cohort studies had good quality (NOS≥ 7) using the NOS. Most of the included studies only controlled sex, age and marital status as
confounding factors and didn't reach to maximum score in the �eld of comparability. Also some included studies didn't met criteria for adequacy of follow-
up for cohorts. Table 3 shows the results of the quality assessment of included studies based on NOS. 

Discussion
Improvements in the quality of life and increase in the survival of cancer patients have led to several studies evaluating SPCAC (10, 18–20). In comparison
to general populations, small intestine and endometrial cancers are most common in individuals with previous CRC, according to this comprehensive
assessment of 30 research. The patient's genetic background, lifestyle, cancer-related treatments, and environmental risk factors may all contribute to the
higher risk(21, 22).

According to a recently published study, the incidence of colon, breast, prostate, kidney, and bladder cancer will surge in CCSs (22). This contradicts our
�ndings, which showed that SIR of the small intestine, endometrial, colon, and ovary cancer were all higher in CCSs. We pooled data from all across the
world, so the discrepancy could be related to different study designs.

CCSs had a threefold increased risk of small intestinal cancer, according to present results (SIR: 3.68). Previous studies have found a link between primary
gastrointestinal cancers and subsequent cancers. (23, 24). In prior SEER, an increased risk of certain GI cancers after CRC was observed among CRC
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patients, although subsites were not investigated (23, 25). In agreement with our results, Yang et al. reported a signi�cantly increased risk for small intestine
cancer among CCSs (SIR: 3.09), particularly in those patients who have had prior right-sided colon cancer (26). Broman et al. also con�rmed a remarkable
increase in the frequency of small intestine cancer in patients with a history of CCSs and signi�cantly greater in right-sided CRC (18). Researchers
demonstrated that a reverse relation exists between age at the time of diagnosis of primary CRC and SPC risk, so patients 40 years or younger have a SIR
equal to 5 in comparison with patients 50 years with a SIR of 2.6 (27). Given these �ndings, strict surveillance among CRC survivors speci�cally at young
ages should be established for early detection of SPCs with speci�c attention to the small intestine cancer (26)

Findings of this meta-analysis indicated that people with a history of CRCs are three times more likely prone to subsequent uterus and endometrial cancers
(SIR: 3.03). In line with the present data, Lee et al. found a 3.2 fold increase in the risk of uterine cancer among CRC survivors (27). Other previous research
also con�rms the susceptibly of CRC survivors to uterine cancer (4, 26). The underlying reasons for these �ndings are still unclear. Some studies suggest
that medical services access and ethnic variations are responsible for different risks of contraction (28, 29). Shin et al. reported a higher prevalence of
uterine cancer among CRC survivors younger than 55 years (21). Hence the screening programs for early diagnosis of the uterus and endometrial cancers
among CCs will be of importance in particular, at younger ages.

The incidence of SPCs may be attributed to genetic susceptibility, environmental risk factors, as well as hormonal level changes (21). Mutations in the
following genes (MLH1, MSH2, PMS1, and MSH6) can lead to both CRC and endometrial cancer, particularly in youth (30). BRCA1 and BRCA2 encode
tumor suppressors, therefore any detrimental mutation in these genes increases the risk of gynecological and colorectal cancers (31). Research revealed
that genetic disorders on the metabolism of a drug like glutathione transferase predispose patients to develop secondary cancers (32). Given the fact that
embryonic endoderm is the origin of the common SPC sites, genetic susceptibility may act as the main mechanism underlying the risk of multiple cancers,
so that adopting an approach to develop more accurate and earlier screening tests in cancer survivors could bene�cial (26).

Moreover, lifestyle and environmental factors including food habits, excessive alcohol consumption, as well as can prominently in�uence the development
of secondary malignancies (23). However, the association between previous CRC and susceptibility to tobacco-related gynecological carcinogenesis is still
unclear (21). Hormones are another probable factor contributing to the occurrence of SPCs, especially gynecological ones (21). Interestingly, previous
studies indicated that having no history of childbirth increases the risk of SPCs, so women who bore more than 4 children are less likely to get cancer than
nulliparous women (33, 34).

The current �ndings point to the need for more case-control and cohort studies to clarify the relationships. If the above-mentioned risk variables are found
to be valid in future studies, they might be used to develop a new guideline for patient education and counseling on behavior modi�cation, as well as novel
surveillance systems for cancer survivors. Because the majority of studies on second primary malignancies in CRC patients were conducted in rich nations,
conducting SEER in developing and low-income countries is necessary to get enough data on SPCs in these areas.

One of the inherent drawbacks of this study could be the varying lengths of follow-up in the included research. Unavailable confounding characteristics
such as smoking, alcohol intake, physical activity, food, and lifestyle, may restrict the �ndings. Furthermore, data misclassi�cation must be addressed to
some level due to the use of retro-prospective research and the di�culty to evaluate data correctness. We did, however, assess the quality of each included
study and report the level of evidence. In comparison to previous studies, our study has the advantage of investigating a larger population-based cohort of
CRC patients. Furthermore, because of the precise screening, the risk of misclassifying synchronous metastases, metachronous metastases, and recurrent
CRCs as second primaries was eliminated, preventing the risk of second primary CRCs from being overestimated.

Conclusion
This systematic review and meta-analysis revealed that in CCS, the occurrence of the small intestine and endometrial cancer might increase up to three
times. The result of this study might be useful for both clinicians and policymakers. Further investigations on etiologic factors for prevention and early
diagnosis of SPCAC are suggested.
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Table 1. Characteristics of studies entered into the meta-analysis
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Author Year of
publication

Country Type of study location of
primary tumor

Total
sample
size

No. of Second primary
malignancy cases

Q/A
Score

X. He(35) 2018 USA Retrospective
cohort study

colorectal 44,106 50679 8

F. Levi(36) 2012 Switzerland Retrospective
cohort study

colorectal 9389 136 8

G. Scelo(37) 2005 Europe, North America,
Asia and Oceania

Retrospective
cohort study

colorectal 10946 1316 8

C. Cluze(38) 2009 France Retrospective
cohort study

colorectal 4944 N/A 8

E. Rahimi(39) 2016 USA Retrospective
cohort study

colorectal 273144 657 7

H. Ahn(40) 2019 Korea Retrospective
cohort study

colorectal 251482 498 9

H. Tsukuma(41) 1994 Japan Prospective
cohort study

colorectal 217307 5071 9

S. Wendy(42) 1992 UK Prospective
cohort study

colorectal 4297 N/A 7

Y. Lee(27) 2015 Taiwan Retrospective
cohort study

colorectal 98876 4259 9

Y.H Liang(43) 2015 Taiwan Retrospective
cohort study

colorectal 65648 3810 9

P. Dasgupta(44) 2012 Australia Retrospective
cohort study

colorectal 15755 1615 9

B. Malmer(45) 2000 Sweden Retrospective
cohort study

colorectal N/A 224 7

O. Abdel-
Rahman(46)

2017 USA Retrospective
cohort study

colorectal 1322 N/A 8

J. Yang(26) 2017 China Retrospective
cohort study

colorectal 233890 28863 9

S. Noura(14) 2009 Japan Retrospective
cohort study

colorectal 301 263 7

K. K. Broman(18) 2019 USA Retrospective
cohort study

colorectal 281413 12064 7

R. J.Green(47) 2002 USA Retrospective
cohort study

colorectal 3278 N/A 9

C. J. Bright(19) 2019 UK Retrospective
cohort study

colorectal 5805 537 7

L. Liu(48) 2013 Netherlands Retrospective
cohort study

colorectal 123347 1849 8

A. Phipps(49) 2013 USA Retrospective
cohort study

colorectal 170159 14880 9

L. Yang(20) 2018 China Prospective
cohort study

colorectal 252404 4977 8

X. Guan(25) 2015 China Retrospective
cohort study

colorectal 189890 N/A 8

C.L Ringland(50) 2009 Australia Retrospective
cohort study

colorectal 29471 501 7

A. Heard(51) 2004 Australia Retrospective
cohort study

colon 160000* 877 7

A. Kustenko(52) 2014 USA Retrospective
cohort study

colon 2038074 26 7

C. Dong(53) 2001 Sweden Retrospective
cohort study

colon 43021 4084 7

E. Buiatti(54) 1997 Italy Prospective
cohort study

colon 3244 98 8

C. S. Rabkin(55)    
                    

1992 USA Retrospective
cohort study

rectum 2665 N/A 8

A. Rombouts(56) 2017 Netherlands Retrospective
cohort study

rectum 29027 4398 9

B. K. Shah(57) 2015 USA Retrospective
cohort study

rectum 7661 747 8

*The article haven’t reported the exact number of participants.
 

Table 2. Summarized Pooled values of considered findings
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Variable Primary Colorectal Cancer Primary Colon Cancer Primary Rectum Cancer
Secondary Cancer N of

study
I-
squared

ES (95%CI) N of
study

I-
squared

ES (95%CI) N of
study

I-
squared

ES (95%CI)

                   
Digestive System 5 92.3 1.31 (0.89-1.72) - - - 2 98 1.43 (0.27-

2.59)
Colon 4 79.8 1.59 (1.22-1.97) - - - 4 95.7 1.59 (0.87-

2.32)
Esophagus 4 36.7 1.04 ( 0.95-

1.12)
2 70.5 1.02 (0.74-

1.30)
4 0 0.98 (0.91-

1.05)
Liver and
Gallbladder

4 74.3 0.82 (0.71-0.92) - - - 2 0 0.78 (0.68-
0.88)

Pancreas 6 75.5 1.07 (0.95-1.18) 3 0 1.06 (0.98-
1.14)

6 28 0.86 (0.77-
0.95)

Rectum 4 87.5 1.29 (0.88-1.70) - - - 3 73 1.78 (1.07-
2.49)

Small intestine 4 88.4 3.68 (2.63-4.73)       3 0 2.33 (2.14-
2.52)

Stomach 7 59.5 1.16 (1.06-1.25) 3 4.1 1.18 (1.09-
1.27)

5 0 0.96 (0.90-
1.02)

Reproductive
system

4 86.3 1.45 (0.99-1.90) - - - - - -

Endometrium 4 92.6 3.03 (1.57-4.48) - - - 4 85.9 0.98 (0.36-
1.60)

Ovary 3 92 1.51 (0.54-2.48) 2 95.7 1.74 (-0.28-
3.77)

5 76.4 0.82 (0.33-
1.32)

Urinary system 5 76.5 1.27 (1.10-1.45) - - - 2 0 1.23 (1.12-
1.35)

Bladder 5 68 1.20 (1.07 –
1.33)

3 0 1.04 (0.98-
1.10)

5 62.7 1.20 (0.96-
1.44)

Kidney 6 83 1.34 (1.17-1.51) 3 82.1 1.46 (1.07-
1.86)

5 46.2 1.28 (0.85-
1.34)

Prostate 3 0 1.17 (1.09-1.26) 2 89.5 1.15 (0.91-
1.40)

- - -

CNS* 3 91.8 1.24 (0.76-1.72) - - - 2 0 0.41 (-0.21-
1.02)

Cervical 2 0 1.04 (0.89-1.20) 2 0 1.09 (0.89-
1.28)

4 21.5 1.00 (0.65-
1.35)

Female Breast 4 76.5 1.07 (0.91-1.23) 3 76.9 1.13 (0.93-
1.32)

4 60.4 1.03 (0.80-
1.25)

Hematological 3 86.5 1.12 (0.88-1.36) - - - 2 0 1.00 (0.8-1.20)
Lung 6 72.6 1.16 (1.09-1.23) - - - 5 93.5 1.46 (1.15-

1.77)
Lymphoma 2 0 1.38 (0.93-1.84) - - - - - -
Skin 2 0 1.38 (1.18-1.58) - - - 2 66.3 1.19 (0.66-

1.72)
Thyroid 2 46.8 1.50 (1.22-1.77) 2 67.1 1.58 (1.07-

2.09)
3 0 1.41 (1.16-

1.65)
           

*Central Nervous System  

Table 3. Quality assessment of included studies using the Newcastle-Ottawa scale
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Author selection Comparability exposure/outcome  

Representativeness
of the exposed

cohort

Selection
of the
non-

exposed
cohort

Ascertainment
of exposure

Demonstration
that outcome

of interest
was not

present at
start of study

Comparability Assessment
of the

outcome

Was
follow-up

long
enough

for
outcomes
to occur

Adequacy
of follow-

up of
cohorts

Total

X. He(35) * * * * ** *   * 8

F. Levi(36) * * * * * * * * 8

G. Scelo(37) * * * * * * * * 8

C. Cluze(38) * * * * * * * * 8

E. Rahimi(39) * * * * * *   * 7

H. Ahn(40) * * * * ** * * * 9

H.
Tsukuma(41)

* * * * ** * * * 9

S. Wendy(42) * * * * * *   * 7

Y. Lee(27) * * * * ** * * * 9

Y.H Liang(43) * * * * ** * * * 9

P.
Dasgupta(44)

* * * * ** * * * 9

B.
Malmer(45)

* * * * * *   * 7

O. Abdel-
Rahman(46)

* * * * * * * * 8

J. Yang(26) * * * * ** * * * 9

S. Noura(14) * * * * * *   * 7

K. K.
Broman(18)

* * * * * *   * 7

R.
J.Green(47)

* * * * ** * * * 9

C. J.
Bright(19)

* * * * * *   * 7

L. Liu(48) * * * * * * * * 8

A. Phipps(49) * * * * ** * * * 9

L. Yang(20) * * * * * * * * 8

X. Guan(25) * * * * * * * * 8

C.L
Ringland(50)

* * * * * *   * 7

A. Heard(51) * * * * * *   * 7

A.
Kustenko(52)

* * * * * *   * 7

C. Dong(53) * * * * * * *   7



Page 10/13

E. Buiatti * * * * * * * * 8

C. S.
Rabkin(55)    
         

* * * * * * * * 8

A.
Rombouts(56)

* * * * ** * * * 9

B. K.
Shah(57)

* * * * * * * * 8
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Figures

Figure 1

PRISMA �owchart for study selection process
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Figure 2

Meta-analysis of incidence of second primary cancer after colorectal cancer (SPCAC) and categorized based on primary site of cancer.

Supplementary Files

This is a list of supplementary �les associated with this preprint. Click to download.

PRISMA2020checklist2.docx

https://assets.researchsquare.com/files/rs-1885650/v1/b12dda0c38c2436cf1aa4b79.docx

