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Abstract

Purpose The purpose of the study is to assess the global risk of extracolonic secondary primary cancers (SPCs) in patients
with colorectal cancer (CRC).

Methods Studies of SPC in patients with CRC were included if they reported the standardised incidence ratio (SIR) for
extracolonic SPCs in patients with CRC compared with the general population. Pooled summary estimates were calculated
using a random-effects model.

Results A total of 7,716,750 patients with CRC from 13 retrospective cohort studies that reported extracolonic SPC incidence
were included. The overall risk of several SPCs was significantly higher in patients with CRC compared with the general
population, including cancers of the urinary bladder (pooled SIR 1.19, 95% confidence interval (CI) 1.06-1.33; p=0.003),
female genital tract (1.88, 1.07-3.31; p=0.03), kidney (1.50, 1.19-1.89; p=0.0007), thorax (lung, bronchus and mediasti-
num) (1.16, 1.01-1.32; p=0.03), small intestine (4.26, 2.58-7.01; p <0.0001), stomach (1.22, 1.07-1.39; p=0.003), and
thyroid (1.40, 1.28-1.53; p<0.0001), as well as melanoma (1.28, 1.01-1.62; p=0.04). There was also a decreased risk of
developing cancer of the gall bladder (0.75, 0.60-0.94; p=0.01).

Conclusion Patients with CRC had a significantly increased risk of extracolonic SPCs compared with the general population.
These findings highlight the need to develop research strategies for the management of second primary cancer in patients
with CRC.

Keywords Colorectal cancer - Second primary cancer - Multiple malignancies - Risk factors - Population-based study -
Meta-analysis

Introduction in the screening, early detection, and treatment of CRC

[3], the disease remains an important health issue world-

Colorectal cancer (CRC) is the fourth most common cancer
type in the world and the third most deadly, accounting for
about 10% of all incident cancers and cancer-related deaths
each year [1, 2]. Although there have been improvements in
the prognosis of patients with CRC due to recent advances
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wide. In addition, there has been an unexplained increase
among young people [3-7]. This expanding population of
CRC survivors faces long-term health concerns [8], such
as the increased risk of developing second primary cancers
(SPCs) [1, 9-21]. The reasons for this elevated risk remain
unelucidated; however, various hypotheses have been pos-
ited in recent years, particularly familial genetic predisposi-
tions such as Lynch syndrome [22, 23], similar tumorigenic
epigenetic changes in response to environmental exposures,
or carcinogens related to tissues originating from the same
germ layer [17], as well as specific mutations common to
CRC and certain second cancers [24]. While the risk of
synchronous and metachronous multiple malignancies of
the colorectum have been well documented [20], evidence
for the risk of extracolonic SPCs among CRC survivors has
been less consistent [9-14, 17, 25, 26]. Around the world,
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CRC has been associated with extracolonic SPCs, includ-
ing but not limited to malignancies of the urinary bladder
[10, 12, 13, 25, 26], breast [11, 12, 27], kidney [10, 12],
ovary [11, 12], pancreas [11-13, 25, 26], prostate [11, 12],
stomach [11, 13, 25, 26], small intestine [11-13, 25, 26],
and endometrium [12]. These mixed findings are indicative
of the vast heterogeneity among countries and demonstrate
the need to determine these risks to inform strategies for
subsequent cancer surveillance following the management
of primary CRC. Therefore, we carried out a systematic
review and meta-analysis to investigate the risk of extraco-
lonic SPCs in patients with CRC compared with the general
population.

Methods

This systematic review and meta-analysis were done accord-
ing to pre-specified criteria and followed the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines for the reporting of meta-analyses.

Data sources and searches

We searched PubMed, Embase, Scopus, and the Cochrane
electronic database for studies published from each data-
base’s inception to 27 Dec 2021, assessing the risk of SPCs
in patients with CRC, using the following search terms:
“colorectal cancer”, “bowel cancer”, “second cancer”,
“second primary cancer”, “second malignancies”, “multi-
ple primary cancer”, “multiple primary malignancies”, and
“multiple primaries”.

Inclusion and exclusion criteria

Articles were eligible for inclusion if they reported the risk
of extracolonic SPCs in patients with CRC, in terms of stand-
ardised incidence ratio (SIR). We included only studies that
reported SIR estimates in our analyses since they provided an
indirect method of adjustment for age and gender. No restric-
tions were applied to age, gender, comorbidities, duration, or
location of the study, nor method of reporting cancer diag-
noses. Articles without sufficient data, without reported indi-
vidual extracolonic SPC risk, on second or multiple metachro-
nous CRC, synchronous second or multiple cancers, centred
on treatment modalities, and with overlapping populations and
time periods were excluded. Only articles published in English
were considered. The titles and abstracts of potentially eligible
articles according to these eligibility criteria, and any dupli-
cates, were excluded. Full-text articles were retrieved for stud-
ies that met the eligibility criteria. At this point, we excluded
studies that did not include patients with CRC or did not report
the SIR with respective 95% confidence intervals (Cls).

@ Springer

Data extraction and quality assessment

Data were extracted from all eligible studies using predefined
data extraction form: study characteristics (study design, year
of publication, and corresponding author), study setting (loca-
tion and period), study population characteristics (sample size,
age, and gender of the patients), and outcomes (duration of
follow-up and cancer incidence per cancer type). Diagnosis
and confirmation of CRC and SPCs were done according to
the criteria of each study. The corresponding authors of the
studies, or the national registry databases used as a data source
in the original studies, were consulted for additional informa-
tion if required. The methodological quality evaluation of each
cohort study was based on the Newcastle—Ottawa Scale.

Outcome measures

The primary outcome measure was the incidence of extraco-
lonic SPCs in patients with CRC, reported as SIRs. The SIR
was defined in each study as the number of observed cancers
in patients with CRC compared with the number of expected
cancers in the general population. Specific details of how the
expected number of neoplasms were calculated in each study
have been summarised in Supplementary Table 1.

Statistical analyses

We used random-effects meta-analysis to assess the risk of
extracolonic SPCs in patients with CRC. To calculate the
pooled SIR of SPCs, we combined the extracted study-specific
estimates and corresponding 95% ClIs using the DerSimonian
and Laird random-effects model [28]. The Newcastle-Ottawa
Scale was used to assess the risk of bias of the included stud-
ies [29]. Studies with a rating of 6 or higher were considered
high quality. The heterogeneity across studies was assessed
using the ? statistic (I* 0-25%, mild heterogeneity; I* 25-50%
moderate heterogeneity; I? > 50%, large heterogeneity) [19].
We used funnel plots to assess the potential for small-study
effects (publication bias). All statistical analyses used RevMan
(version 5.4.1. Copenhagen: The Nordic Cochrane Centre, The
Cochrane Collaboration). All statistical tests used a two-sided
a value of 0.05 for statistical significance.

Results
Literature search

Searches returned 2522 records, with an additional 4
records identified through reference lists, of which 2259
were excluded after an initial screening of duplicates, titles,
and abstracts. Full texts were retrieved for 170 studies and
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assessed for eligibility (Fig. 1). Thirteen studies published
between 1999 and 2021, including 7,716,750 patients
(2.01 x 10° person-years) with CRC that reported extraco-
lonic SPCs cancer incidence, were included in the meta-
analysis according to our inclusion criteria [16, 18, 21, 27,
30-38]. The median Newcastle—Ottawa rating for the studies
included was 8 (interquartile range (IQR) (7-8)). The popu-
lation characteristics and outcomes of the included studies
are summarised in Table 1. The median age of the study
populations ranges from 56 to 73.

Risk of extracolonic SPCs in CRC patients

We analysed the risk of extracolonic SPCs in patients with
CRC among 13 studies reporting SIR (Table 1). The risk
of several second primary cancers was significantly higher
in patients with CRC compared with the general popu-
lation’s risk of developing respective primary cancers.
The risk of subsequent malignancies was greatest in the
small intestine (pooled SIR =4.26 (95% CI=2.58-7.01;
p <0.0001)) from four studies [18, 21, 32, 33]; followed by
the female genitals (1.88 (1.07-3.31; p =0.03)) from three

studies [16, 32, 34]; kidney (1.50 (1.19-1.89; p =0.0007))
from seven studies [16, 18, 21, 32-34, 37]; thyroid (1.40
(1.28-1.53; p<0.0001)) from three studies [33, 34, 36];
skin (melanoma) (1.28 (1.01-1.62; p=0.04)) from eight
studies [16, 18, 21, 30, 32-35]; stomach 1.22 ((1.07-1.39;
p=0.003)) from seven studies [16, 18, 21, 27, 32-34];
urinary bladder (1.19 (1.06-1.33; p <0.0001)) from seven
studies [16, 18, 21, 32-34, 37]; and lung, bronchi, and
mediastinum (1.16 (1.01-1.32; p=0.03)) from seven
studies [16, 18, 21, 32-35]; Fig. 2. In contrast, there was
a decreased risk of second primary gall bladder cancer
(pooled SIR=0.75; 95% CI=0.60-0.94; p=0.01) from
three studies [21, 33, 38]; Fig. 3). There was no significant
difference in the risk of second primary cancers of the
prostate, pancreatic, ovaries, oesophagus, upper aerodi-
gestive tract, liver and biliary tract, breast, cervix, uterus,
and brain, nor in non-Hodgkin lymphoma, leukaemia,
and myeloma (p > 0.05). The median follow-up years for
each SPC are outlined in Table 2. According to the studies
included in our analysis, the median follow-up time for
SPCs was 4.2 years.
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Fig.2 Second primary cancers with an increased risk following pri-
mary colorectal cancer including cancers from female genitals, kid-
ney, thorax (lung, bronchi, and mediastinum), stomach, thyroid,
urinary bladder, and small intestine as well as melanoma. The red
squares and their sizes represent the effect sizes and weights of the
included studies, respectively. The black diamonds and their sizes

and chest computed tomography (CT) scan which may also
contribute to higher pick-up rate of these SPCs.

Our study had several limitations. Misclassification of
cancers in registry-based investigations may introduce over-
or underestimation of SPC incidence rates. As we did not
include metachronous CRC in our analysis, differentiat-
ing between SPCs and local recurrences was not an issue.
Additionally, most studies reported attempts to prevent the
inclusion of synchronous cancers by excluding subsequent
cancers diagnosed within 2 months of the index CRC. There
may have been some level of misclassification with respect
to tumours arising in discrete sites, namely the lungs, bron-
chi, and mediastinum; upper aerodigestive tract; female
genitals; and the liver, hepatic ducts, and biliary system.
As such, we only pooled second cancers of discrete sites
where explicitly consistent between individual studies for
the robustness of our interpretations.
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Test for overall effect: Z = 5.69 (P < 0.00001)

represent the pooled effect size and their 95% confidence intervals,
respectively. The centre line of no effect runs through the value 1.
Points to the right of the centre line (> 1) indicate an increased risk,
whereas points to the left of the centre line (< 1) indicate a decreased
risk

Although we anticipated and attempted to address het-
erogeneity in our planned analysis, it remained substan-
tial for most pooled second cancers. This is likely due
to epidemiological differences between studies, such as
follow-up, the periods of time covered, changes in spe-
cific cancer demographics across time, varying selec-
tion criteria, and temporospatial differences in treatment
modalities. Comparably moderate-to-high levels of het-
erogeneity have been previously observed and discussed
in other meta-analyses on SPC [39, 40]. The heteroge-
neity in these meta-analyses can be largely attributed to
differences in the magnitude of risk observed between
studies. Ultimately, while we cannot be certain of the true
magnitude of in the risk reported in the present study, our
results are indicative of an increase in risk of specific
second primary malignancies leading to further foci of
research in the field.
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Fig.3 Second primary cancers with a decreased risk of following
primary colorectal cancer: gall bladder cancer. The red squares and
their sizes represent the effect sizes and weights of the included stud-
ies, respectively. The black diamond and its size represent the pooled

There is lack of data to clearly document the effect
of occurrence of SPC in the overall survival of patients
with SPC. The survival of these patients is likely to be
depending on the nature of the primary CRC and the SPC.
If the CRC is of advanced stages and with residual cancer
after resection as well as with mutation not amendable to
target therapy, it is likely the survival is dismal and the
impact of SPC on the survival is not apparent. On the

Table2 Median follow-up periods for the second primary cancers
included in the meta-analysis

Second cancer Median
follow-up
years (IQR)

Urinary bladder 4.2 (3.8-12.1)

Brain 12.1

Breast 4.2 (3.8-12.1)

Cervix 5.7

Female genital 4.0 (3.5-16.8)

Gallbladder 7.3

Kidney 4.2 (3.8-12.1

Leukaemia 12.1

Liver, hepatic duct, and biliary 4.0 (3.5-7.3)

Lung, bronchus, and mediastinum 4.2 (3.8-12.1)

Melanoma 4.1 (3.9-9.7)

Myeloma 5.8

Non-Hodgkin lymphoma 10.5

Oesophagus 5.7 (3.6-14.4)

Ovary 7.3 (4.0-16.8)

Pancreas 4.1 (3.5-9.7)

Prostate 4.2 (3.8-12.1)

Small intestine 4.2 (3.5-7.3)

Stomach 4.2 (3.8-12.1

Thyroid 7.0 (4.0-7.3)

Upper aerodigestive tract 7.3 (3.5-16.8)

Uterus 4.2 (3.8-12.1)

1

I + t 1
0102 05 1 2

o4

10

effect size and its 95% confidence intervals, respectively. The centre
line of no effect runs through the value 1. Points to the right of the
centre line (> 1) indicate an increased risk, whereas points to the left
of the centre line (< 1) indicate a decreased risk

other hand, if the CPC is of early stages and after cura-
tive resection, the survival of the patients with CRC is
obviously affected and likely depend on the SPCs with
high patients’ mortality and morbidity such as cancers
of the thorax (lung, bronchus, and mediastinum) and
melanoma [41, 42]. There are also SPCs such as from the
urinary bladder, kidney, female genitals, small intestine,
and stomach of similar diverse biological aggressiveness
as CRC which will have impact of the survival on the
patients. The only exception is in patients with SPC of
thyroid cancer with is of increasing incidence worldwide.
Thyroid cancer is mostly clinically indolent but could
contribute to long-term morbidity of the patients with
possibility of local recurrence, de-differentiation to clini-
cal aggressive histological type, and thyroxine replace-
ment therapy [43, 44].

In most clinical centres, the management of patients
with CRC will be discussed in multidisciplinary team
meeting and follow-up with standard protocols (such as
radiology and endoscopic examinations) according to
the prognostic parameters as well as personalised medi-
cal needs (such as comorbidity). Majority of the SPCs
of relative higher prevalence could be detected by this
means. Thus, awareness of the possibility of SPCs and
adherence to protocols of follow-up of patients with CRC
is important for best clinical practice. Nevertheless, we
need more investigations to look at the length of inter-
vals between CRC and SPCs. With the acknowledgement
that the median follow-up time for SPCs from the studies
included in our analysis was 4.2 years, it may be in some
cases that SPCs may occur after the standard follow-up
time for patients with CRC. Education on the patient and
general practitioner of the issue should be of value to this
group of patients. It is also important to have prospective
clinical studies to address to the comorbidity issues and
survival impacts in these patients.
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Conclusion

The findings of this systematic review and meta-analysis
suggest that patients with CRC have an increased risk of
extracolonic SPCs compared with the general population,
including cancers of the urinary bladder, female genitals,
kidney, lung, bronchus and mediastinum, small intestine,
stomach, and thyroid, as well as melanoma. Future studies
monitoring SPC risk in patients with CRC are warranted
as there is a need to develop surveillance and management
strategies to decrease the burden of subsequent malignan-
cies within this expanding population.
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