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Abstract

Background Identifying risk factors for metachronous colorectal cancer (CRC) and metachronous advanced neopla-
sia could be useful for guiding surveillance. We conducted a systematic review and meta-analysis to investigate risk
factors for metachronous CRC and advanced neoplasia.

Methods Searches were conducted in MEDLINE, Embase, Web of Science and Cochrane Central Registry of Con-
trolled Trials for articles (searching period: 1945 to Feburary, 2021) that reported the results of an association
between any factor and metachronous advanced neoplasia or metachronous CRC. There were no restrictions

on the publication date or language. Random effects models were fitted to estimate the combined association
between the risk factors and metachronous CRC or advanced neoplasia. The Risk of Bias In Non-Randomised Studies
of Interventions tool (ROBINS-I) was used to assess the risk of bias of included studies.

Results In total, 22 observational studies with 625,208 participants were included in the systematic review and meta-
analysis. Of these, 13 studies investigated risk factors for metachronous CRC and 9 for advanced neoplasia. The risks

of metachronous CRC or advanced neoplasia were higher if the first CRC was diagnosed in the presence of a synchro-
nous advanced lesion (pooled risk ratio (RR) from 3 studies: 3.61, 95% confidence interval (Cl): 1.44-9.05; and pooled
RR from 8 studies: 2.77,95% Cl: 2.23-3.43, respectively). The risk of metachronous CRC was lower, but the risk

of metachronous advanced neoplasia was higher if the first CRC was distal (compared with proximal) (pooled RR
from 3 studies: 0.48, 95% Cl: 0.23-0.98; and pooled RR from 2 studies: 2.99, 95% Cl: 1.60-5.58 respectively). The risk

of metachronous advanced neoplasia increased with age (pooled RR from 3 studies: 1.07 per year of age, 95% Cl:
1.03-1.11). There was no evidence that any lifestyle risk factors studied were associated with the risk of metachronous
CRC or advanced neoplasia.

Conclusions The identified risk factors for metachronous CRC and advanced neoplasia might be useful to tailor

the existing surveillance guidelines after the first CRC. There were potential limitations due to possible misclassifi-
cation of the outcome, confounding and risk of bias, and the findings cannot be generalised to high-risk genetic

syndrome cases.
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Introduction

Colorectal cancer (CRC) is the third most commonly
diagnosed cancer in the world [1]. The majority of
CRCs develop via the adenoma pathway [2]. Aging pop-
ulations and the increasing prevalence of lifestyle risk
factors are increasing the incidence of CRC. Decreas-
ing CRC mortality (particularly in high-income coun-
tries [1]) due to improved treatments, and increased
early detection via screening for CRC, are increasing
the number of CRC survivors and length of survival
time. In combination, these conditions are increasing
the number of people at risk of metachronous CRC
(i.e., a new primary CRC following an initial CRC) or
advanced adenoma in the remaining colorectum [3].
The reported risk of metachronous CRC within 5 years
after curative surgical resection of the colon and rec-
tum ranges from 2 to 12 % [4, 5].

Following treatment of the first CRC, surveillance
colonoscopy is currently recommended for detecting
metachronous CRC and metachronous advanced ade-
noma. However, current surveillance guidelines [6, 7]
are the same for all CRC survivors (i.e., a one-size-fits-
all approach) because the risk factors for metachronous
CRC and advanced adenoma are poorly understood.

Previous reviews [6—8] have found that those whose
first CRC had high-grade dysplasia and tubulovillous
architecture and had a synchronous CRC or adenoma,
were more likely to be diagnosed with a metachronous
CRC. However, these reviews differed by study popula-
tion and definition of metachronous CRC. For example,
Gupta et al. summarised risk factors for metachronous
CRC among individuals whose first event was an ade-
noma (not a CRC ) [7]. Jayasekara et al. summarized risk
factors for both metachronous adenoma and metachro-
nous CRC among individuals whose first event was either
an adenoma or CRC [8]. Kahi et al. provided a narra-
tive review of the risk factors for metachronous CRC
after resection for the initial CRC without conducting
a meta-analysis [6]. In this systematic review, we used
meta-analysis to separately quantify the effect for the pre-
specified risk factors (i.e., exposures), and two metachro-
nous events (i.e., metachronous CRC and metachronous
advanced neoplasia (for studies that did not distinguish
between advanced adenoma or CRC events)).

Methods

We reported a systematic review using the Preferred
Reporting Items for Systematic Review and Meta-anal-
yses-2020 (PRISMA-2020, [9] (Supplementary Material
1). Methods were predetermined and registered on the
International Prospective Register of Systematic Reviews
(PROSPERO ID: CRD42021237512).
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Eligibility criteria

We defined metachronous CRC as a new primary
CRC diagnosed at least 6 months after the first CRC
[3]. For articles that combined metachronous CRC
with advanced adenoma (i.e., did not present results
separately for metachronous CRC and adenoma), we
defined metachronous advanced neoplasia as a diag-
nosis of any of the following conditions that occurred
at least 6 months after the first CRC: tubular adenoma
>10mm in diameter; adenoma with villous or tubulov-
illous histology; adenoma with high-grade dysplasia;
or primary CRC [10]. We planned to include articles
that reported the results of randomised controlled
trials (RCTs) or observational studies that reported
hazard ratios, odds ratios, risk ratios, standardized
incidence or rate ratios (and corresponding 95% con-
fidence intervals (Cls)) as the association between
any risk factor and metachronous advanced neopla-
sia or metachronous CRC. We reported on those aged
18years or older when diagnosed with the first CRC.
We excluded articles where the metachronous and
synchronous CRC could not be differentiated; or the
minimal interval between the first CRC and second
CRC or metachronous advanced neoplasia was unde-
fined or was less than 6 months; or metachronous CRC
or advanced neoplasia included anastomotic or local/
regional recurrence; or only included participants at
high risk of metachronous CRC (e.g., Lynch syndrome);
or was unpublished; or only published as a letter to the
editor, conference abstract, editorial, review of arti-
cles, or a commentary. We did not apply any language
restrictions.

Searches

Searches were conducted on 15th February 2021 in
MEDLINE (Ovid), Embase (Ovid), Cochrane Central
Registry of Controlled Trials and Web of Science. The
searching period was set from 1945 to February 2021.
An updated search was conducted on 25th July 2022.
Search strategies were developed with a biomedical
librarian using the following terms: (“metachronous”
AND (“colorectal cancer” OR “colon cancer” OR “rectal
cancer” or “bowel cancer”) AND “risk factors”).

Screening

The full search strategies are provided in Supplemen-
tary Material 2. All screening was undertaken indepen-
dently by two authors (YZ and YKA). First, all titles and
abstracts of the articles were independently assessed
against the eligibility criteria. Next, the full text of
the articles that appeared to meet the eligibility crite-
ria was assessed against the eligibility criteria. Finally,
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references of eligible papers and a review article [8]
were checked for additional eligible articles not identi-
fied by the initial search.

Data extraction

For studies that met the eligibility criteria, the following
data were independently extracted by two authors (YZ
and YKA): study characteristics (title, first author’s last
name, year of publication, location of the study, study
design, sample size, follow-up time); participant charac-
teristics (age, sex); CRC related characteristics (definition
of metachronous CRC or advanced neoplasia); risk fac-
tors assessed, and factors that were adjusted for in multi-
variable analyses. Disagreements were resolved by a third
author (MA]J). Where data were not provided in the pub-
lished manuscript, two authors (as a joint email from YZ
and MAJ) contacted the corresponding authors by email
(with one reminder) seeking unpublished data.

Risk of bias assessment

Observational studies meeting the eligibility criteria were
critically appraised for risk of bias independently by two
authors (YZ and YKA) according to the Risk of Bias in
Non-Randomised Studies of Interventions tool (ROB-
INS-I) [11]. The following six domains were included
in the assessment: bias due to confounding, bias in the
selection of participants into the study, bias in classifi-
cation of interventions, bias due to missing data, bias in
measurement of outcomes and bias in the selection of
reported result. For the assessment of bias due to con-
founding, we used directed acyclic graphs to decide a
priori that the following factors would be considered as
potential confounders of any association with metachro-
nous CRC or advanced neoplasia: age, sex, country, edu-
cation, alcohol, smoking, physical activity, dietary factors,
body mass index, stage of first tumour, grade of first
tumour, site of first tumour, resection treatment, family
history of CRC, polyp history, screening. We planned to
use the Risk of Bias 2 tool [12] to assess the risk of bias of
randomised trials but no trials were identified that met
our eligibility criteria.

Statistical analysis

Associations that were reported in single studies could
not be pooled and were presented as reported. Where
multiple studies were available, hazard ratios and risk
ratios were combined as a measure of pooled risk ratio
(RR) given they estimate similar effects since the out-
comes are rare [13]. For each study, the extent of associ-
ation that was extracted was the one that was maximally
adjusted (i.e., adjusted for the covariates). Given the
diversity of the included studies and to generalize the
meta-analytic results beyond the included studies,
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random-effects models using the restricted maximum
likelihood (REML) estimator for the between-study
variance (7%) were fitted to estimate the pooled RRs and
corresponding 95% confidence intervals (Cls). The 95%
CIs were calculated using the Knapp-Hartung method
when more than four studies were available [14]. For-
est plots were used to display the pooled RRs and 95%
CI for the associations between each risk factor and
outcome. The I statistic was used to assess heteroge-
neity across selected studies. Results were reported
separately for metachronous CRC and metachronous
advanced neoplasia. We planned to use funnel plots to
assess small study effects if more than 10 studies were
included in the meta-analysis for each risk factor. We
conducted sensitivity analyses where we excluded stud-
ies that did not adjust for age and/or sex because age
and sex are both considered to be important confound-
ing variables. We also conducted a post-hoc sensitivity
analysis for the association between age and metachro-
nous CRC to exclude one study [15] that reported a
risk ratio in the opposite direction to those reported by
the other studies. To address the effect of time period
on the clinical evolution (e.g., endoscopy instruments,
techniques), we first sorted studies by study year (i.e.,
midpoint of the study period) to visually assess if there
appeared to be a trend by time. If an obvious trend was
presented, we planned to fit meta-regression models
by including study year as a continuous variable. Any
amendments from the protocol are provided in Supple-
mentary Material 3.

The associations between age at diagnosis of the first
CRC and metachronous CRC, and advanced neoplasia
were reported for various categorisations of age: con-
tinuous e.g., per year of age; binary e.g., >60years vs.
<60years; or nominal e.g., decades of age. To com-
bine these, we converted the effect estimates for the
reported associations to correspond to ‘per year of age’
and pooled them using a random effects model [16]. To
convert the effect estimate for studies reporting catego-
ries of age, we needed a single value for each category
of age. Where the category was bounded, we assigned
the age value as the midpoint of the age category. If
the highest age category was open-ended, we assigned
the age value to be the value of the lower bound plus
the width of the interval of the previous (second-to-
highest) category. If the lowest age category was open-
ended, we assigned the age value to be the value of
the upper bound minus the width of the next interval
[17, 18]. We excluded studies that did not report the
number of participants as the method required this
information.

All statistical analyses were performed using Stata ver-
sion 17.0 (Stata Corp LP, College Station, TX, USA ) [19].



Zhang et al. BMC Gastroenterology ~ (2023) 23:421

Results
Our search identified 6327 studies. After removing dupli-
cates, 4277 titles and abstracts were screened for eligibil-
ity. Of these, 133 appeared to meet the eligibility criteria,
4 studies were unable to be retrieved, and 129 studies
were assessed for eligibility using the full text. Of these,
108 studies were excluded leaving 21 studies included
in this review. An additional study was found through a
manual search from the references of the eligible studies.
In total, 22 articles of 625,208 participants were included
in this systematic review and meta-analysis (Fig. 1).

Of the included studies, 13 investigated risk factors for
metachronous CRC [4, 15, 20-30], and 9 for metachro-
nous advanced neoplasia [31-39]. Characteristics of
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included studies are shown in Tables 1 and 2. All 22 stud-
ies were cohort studies. Seven studies were conducted in
Europe [4, 22-24, 28, 36, 38], ten studies in Asia [15, 27,
29-32, 34, 35, 37, 39], four studies in USA [20, 25, 26, 33]
and one across multiple countries [21].

Risk factors for metachronous CRC

There was no evidence of an association with age (5
studies, pooled RR per year=1.05, 95% CI: 0.96-1.14,
1> =96%, Fig. 2 and Fig. S1), sex (7 studies, pooled RR for
male vs female =1.09, 95% CI: 0.85-1.40, I* =82%, Fig. 2
and Fig. S2), or first-degree family history of CRC (com-
pared to no family history) (3 studies, pooled RR=1.32,

[ Identification of studies via and regist }
M)
Records identified from (n=6,327):
- Mediine (n = 1,531) Records removed before screening:
2 Duplicat d d
% Embase (n= 2,814) uplicate records remove
[ E— -
= Web of Science (n= 1,771) (n=2,050)
o}
= Cochrane Central Registry of Controlled Trials
(n=211)
l
)
Records screened
| » | Records excluded (n =4,144)
(n=4,277)
\4
Reports sought for retrieval
—»| Reports not retrieved (n = 4)
o (n=133)
=
£
S
(2] v
Reports assessed for eligibility Reports excluded (n=108):
_ Emm—
(n=129) . Ineligible study design (n = 8)
. Only included individuals who had polyps (n
=18)
. Did not report metachronous CRC or
metachronous advanced neoplasia (n =17)
. Did not assess risk factors (n=19)
. Did not report RR or descriptive analysis
(n=25)
. Only investigated high risk patients (n=5)
. Did not report disease interval between initial
CRC and metachronous CRC or
metachronous advanced neoplasia (n=5)
. Disease interval less than 6 months (n=10)
. Duplicate analysis (n=1)
= Manual search from relevant literature
3
B (n=1)
©
=

Studies included in meta-analysis (n =22)

Fig. 1 Flow diagram for study selection for risk factors for metachronous colorectal cancer and advanced neoplasia
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Study Number of studies RR* Lower Limit Upper Limit
Demographic risk factor
Age at first CRC diagnosis (per year) 5 - 1.05 0.96 1.14
Male (vs female) 7 -T— 1.09 0.85 1.40
Family history of CRC (vs no) 3 —— 1.32 0.96 1.82
Race: White (vs black) 1 * 0.49 0.45 0.55

Hispanic/Latino (vs black) 1 = 0.64 0.53 0.69

Asian or Pacific islander and others (vs black) 1 e 0.80 0.71 0.90

Race: Hispanic men (vs Caucasian men) 1 1.77 1.27 2.48
Lifestyle risk factor

Type |l diabetes (vs no diabetes) 1 —e 0.79 045 1.40

Aspirin use (vs no aspirin use) 1 — = 0.89 0.60 1.32

Smoking: Former smoker (vs never) 1 - 1.25 0.86 1.82

Current smoker (vs never) 1 — 1.32 0.75 2.31

Alcohol intake (Per 14g/day increment) 1 F 0.99 0.89 1.12

Ibuprofen (vs none) 1 = 0.97 0.62 1.53

Multivitamin supplement (vs none) 1 —— 1.24 0.86 1.78

Calcium supplement (vs none) 1 — = 0.77 0.51 1.18

Other

Surgery history for first colon cancer (vs no ) 1 = 1.66 1.38 1.99

Surveillance interval: >1-2 years (vs <=1 year) 1 =S 0.74 0.39 1.38

>2-3 years (vs <=1 year) 1 = 0.34 0.15 0.77

>3 years (vs <=1 year) 1 —_— 0.56 0.29 1.06

No colonoscopy 1 r 0.22 0.03 1.74

Interval between first and mCRC : >3-6 years (vs 0-3 years) 1 » 1.00 0.30 3.30

>6-11 years (vs 0-3 years) 1 » 0.70 0.20 3.30

*Relative Risk

-1

1 2

Relative Risk

Fig. 2 Pooled or single-study association estimates between demographic, lifestyle, and other factors and metachronous colorectal cancer

95% CI, 0.96-1.82, I> =0%, Fig. 2 and Fig. S3) and
metachronous CRC.

Of the 22 eligible studies, only one reported lifestyle
factors (type II diabetes, aspirin use, smoking status, alco-
hol intake, ibuprofen use, multivitamin supplementation,

and calcium supplementation )[21], and none were found
to be associated with metachronous CRC (Fig. 2).
Having a synchronous lesion was associated with a
3.6-fold increased risk of metachronous CRC with rela-
tively high heterogeneity (5 studies, pooled RR=3.61,
95% CI: 1.44-9.05, I> =66%, Fig. 3 and Fig. S9). A dis-
tal CRC (compared to a proximal CRC) was associated
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Pathological risk factor
Presence of synchronous advanced lesions (vs none)
Distal tumor location (vs proximal)
History of first colon cancer: Left colon cancer (vs right colon cancer)
Rectosigmoid colon cancer (vs right colon cancer)
Location of index cancer: Right colon (vs rectum)
Left colon (vs rectum)
Pathology grade: Moderately differentiated (vs well differentiated)
Poorly differentiated (vs well differentiated)
Undifferentiated (vs well differentiated)
Differentiation (Poorly vs moderate/well)
Differentiation: poorly and mucinous (vs well to moderate)
SEER staging: Regional (vs localized)
Distant (vs localized)

Regional stage (vs localized disease)
TNM stage: Stage Il (vs stage I)

Stage Il (vs stage I)

Stage IV (vs stage |)
High tumor grade (vs low)
MMR deficient (vs proficient)
Tumor size (per cm)
Macroscopic (flat appearance vs protruded)
Growth feature: ulcerofungating (vs fungating)

ulceroinfiltrative (vs fungating)

MSI present (vs absent)
Concurrent adenoma (vs absent)
Extracolonic malignancy (vs absent)

*Relative Risk

Number of studies RR* Lower Limit Upper Limit
5 =g 3.61 1.44 9.05
3 - 0.48 0.23 0.98
1 i 1.34 1.27 1.48
1 1.09 1.00 1.18
1 e 1.55 0.78 2.86
1 i 1.05 0.40 2.75
1 1 0.87 0.79 0.96
1 y 0.81 0.72 0.92
1 * 0.52 0.35 0.78
1 — 1.70 1.04 2.77
1 o 0.98 0.13 2.60
1 0.94 0.88 1.01
1 1.09 0.99 1.19
1 b 1.12 1.01 1.24
2 a 0.92 0.66 1.29
2 - 0.79 0.46 1.36
2 - 0.45 0.23 0.88
1 9 0.75 0.44 1.29
1 a2 i 0.87 0.51 1.46
1 ‘ 0.82 0.72 0.94
1 o= 1.52 0.95 2.41
1 a1 1.12 0.76 1.65
1 T 0.94 0.66 1.32
1 ————————» 5.80 2.03 16.63
1 T 3.45 1.19 10.00
1 »6.85 2.35 20.01

0 5 10 15
Relative Risk

Fig. 3 Pooled or single-study estimates for the association between pathological factors and metachronous colorectal cancer

with decreased risk of metachronous CRC with high
heterogeneity (3 studies, pooled RR=0.48, 95% CI:
0.23-0.98, I> = 94%, Fig. 3 and Fig. S10).

Risk factors for metachronous advanced neoplasia

Nine studies investigated demographic risk factors
for metachronous advanced neoplasia. Advancing age
was associated with an increased risk of developing
metachronous advanced neoplasia with no heterogene-
ity (3 studies, pooled RR per year =1.07, 95% CI: 1.03—
1.11, I> = 0%, Fig. 4 and Fig. S1). There was no evidence
of an association with sex with moderate heterogene-
ity (7 studies, pooled RR for males vs females =1.46,
95% CI: 0.96-2.22, I* =38%, Fig. 4 and Fig. S2). There

was no evidence of an association with family history
of CRC and no observed heterogeneity between the
studies (2 studies, pooled RR=1.11, 95% CI: 0.74-1.65,
> =0%, Fig. 4 and Fig. S3).

There was no evidence of an association with type
2 diabetes (4 studies, pooled RR=1.40, 95% CI: 0.92—
2.13, I =0%, Fig. 4 and Fig. S4), hypertension (3 stud-
ies, pooled RR=1.41, 95% CI: 0.57-3.49, I* =9%, Fig. 4
and Fig. S5), being overweight, (3 studies, pooled
RR=1.31, 95% CI: 0.84-2.06, I*> =0%, Fig. 4 and Fig.
S6); aspirin use (3 studies, pooled RR=1.09, 95% CI:
0.78-1.53, I2 = 0%, Fig. 4 and Fig. S7), or current smok-
ing (3 studies, pooled RR=1.14, 95% CI: 0.79-1.67,
> =0%, Fig. 4 and Fig. S8).
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Study Number of studies RR* Lower Limit Upper Limit
Demographic risk factor
Age at diagnosis (per year) 3 1.07 1.03 1.1
Male (vs female) 7 = 1.46 0.96 2.22
Family history of CRC (vs no) 2 T 1.1 0.74 1.65
Race: Black (vs White) 1 o 1.43 0.78 2.62

Other (vs White) —T— 1.53 0.67 3.49
Lifestyle risk factor
Type Il diabetes (vs no) 4 ™ 1.40 0.92 213
Hypertension (vs no) 3 —rt— 1.41 0.57 3.49
Body mass index >=25kg/m”2 (vs <25 kg/m”2) 3 e 1.31 0.84 2.06
Aspirin use (vs no) 3 + 1.09 0.78 1.53
Current alcohol drinking (vs absence) 1 ) 1.95 0.83 4.50
Alcohol consumer (vs no) 1 o 1.01 0.59 1.85
Current smoking (vs no) 3 T 1.14 0.79 1.67
Hypercholesterolemia (vs no) 1 = 1.10 0.41 2.95
Other
Number of surveillance total colonoscopy:=3 times (vs <3 times) 1 P> 345 0.94 12.60
MUC-5 expression 1 s 0.23 0.08 0.66
Longer follow-up time (per months) 1 1.03 1.01 1.04
Time of first follow-up colonoscopy: 1-3 (vs 0.5-1) 1 =3 0.76 0.32 1.82
3-5.5 (vs 0.5-1) —t 1.01 0.32 3.19
Adjuvant chemotherapy (vs no) 1 -+ 1.12 0.66 1.92
Prepare quality at index colonoscopy: fair (vs good and excellent) 1 - 1.18 0.66 2.10
r T T !
-5 0 5 10
*Relative Risk Relative Risk

Fig. 4 Pooled or single-study association estimates between demographic, lifestyle, and other factors and metachronous advanced neoplasia

Having a synchronous lesion was associated with
a 3-fold increased risk and no heterogeneity was
observed (8 studies, pooled RR=2.77, 95% CI: 2.23—
3.43, I> =0%, Fig. 5 and Fig. S9). The first CRC being
distal, was associated with a three-fold increased risk (2
studies, pooled RR=2.99, 95% CI: 1.60-5.58, 1> =1%,
Fig. 5 and Fig. S10). There was no evidence of an asso-
ciation with advanced stage (stage III) of the first CRC,
compared with stages I-II and no heterogeneity was
observed (2 studies, pooled RR=1.02, 95% CI: 0.58—
1.78, I = 0%, Fig. 5 and Fig. S11).

Sensitivity analysis, publication bias and meta-regression

After excluding studies that did not adjust for age or sex,
there were no material changes in the pooled estimates
of associations for sex, family history of CRC or stage
with the development of metachronous CRC, or in the
association between synchronous advanced lesions and
metachronous advanced adenoma, or the association
between age and metachronous CRC. Removing the
study that reported a risk ratio in the opposite direction
to those reported by the other studies in our sensitivity
analyses did not materially change the pooled estimate of
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Study Number of studies RR* Lower Limit Upper Limit
Pathological risk factor
Presence of synchronous advanced lesions (vs no) 8 — 2.77 2.23 3.43
Distal tumor location (vs proximal) 2 I S— 2.99 1.60 5.58
Lesion location: Colon (vs rectum) 2 . 1.47 0.84 2.57
Left sided index cancer (vs right) 1 e 2.45 1.05 5.73
Resection method: Endoscopic resection (vs surgical resection) 1 —_—t 2.34 0.98 5.57
T stage: T3-4 (vs T1-2) 1 R 1.37 0.57 3.31
N stage: N1-2 (vs NO) 1 1.38 0.32 5.96
Advanced stage: Stage 3 (vs stage1-2) 2 — 1.02 0.58 1.78
TNM stage: Stage 2 (vs Stage 0-1) 1 —r 0.89 0.59 1.35
Stage 3 (vs Stage 0-1) i 1.10 0.63 1.86
High risk on the preoperative colonoscopy 1  e— 2.77 1.65 4.64
Undifferentiated (vs differentiated) 1 e e— 1.04 0.30 3.53
Tumor differentiation: moderate (vs well) 1 - 0.69 0.38 1.25
poor (vs well) —— 0.12 0.02 0.90
\ \ \ \ \
-2 0 2 4 6
*Relative Risk Relative Risk

Fig.5 Pooled or single-study estimates of the association between pathological factors and metachronous advanced neoplasia

the age association. We did not conduct an assessment of
small study effects because none of our pooled estimates
were based on more than 10 studies. Only one risk factor
(i.e., presence of advanced lesions) is likely to be affected
by improvements in clinical practice (e.g. instrument
improvement). For this risk factor, we included eight
studies and when we ordered the studies by the midpoint
of the study period, we found no indication that the effect
changed with time; therefore, we did not conduct the
meta-regression.

Risk of bias assessment

None of the articles included all of the important con-
founders that we determined a priori. Accordingly, we
assessed most articles as having a moderate to serious
risk of bias in the confounder domain. All but one study
[27] was classified as having a low risk of bias in the selec-
tion of participants into the study (the one study had seri-
ous risk of bias in this domain). All but one study [27] was
classified as having a low risk of bias in the classification
of interventions (again, the one study had serious risk of
bias). All studies had a moderate risk of bias due to miss-
ing data given there were missing data for various covari-
ates. All studies were classified as having low to moderate
risk of bias in measurement of outcomes, and selection of

reported results. Overall, most articles had moderate risk
of bias except for three articles that had a serious risk of
bias (Table S1).

Discussion

In this systematic review, we reviewed 22 articles to sum-
marize the evidence of risk factors and the outcomes,
metachronous CRC and advanced neoplasia. We con-
firmed the findings of previous systematic reviews that
the risks of metachronous CRC and advanced neoplasia
are 3—4 fold greater if the first primary CRC had a syn-
chronous advanced lesion. We also found that those
with a first CRC in the distal colon (compared with the
proximal colon) were at increased risk of metachronous
advanced neoplasia but lower risk of metachronous
CRC. None of the other risk factors (demographic or
lifestyle) we investigated appeared to be associated with
metachronous CRC or advanced neoplasia.

Strengths and limitations

We employed a comprehensive search strategy of four
databases to maximise the identification of eligible stud-
ies, resulting in a larger number of studies. We also con-
ducted a dose-response analysis for age at diagnosis of
first CRC to include as many reported associations; this



Zhang et al. BMC Gastroenterology ~ (2023) 23:421

has not been done previously. There are some potential
limitations to our study. We limited our analysis to arti-
cles that defined metachronous as neoplasia diagnosed
at least 6 months after the primary and metachronous
CRC. While this definition reduces misclassification of
synchronous tumours as metachronous, it potentially
excludes studies of true metachronous CRC diagnosed
within 6 months. We also excluded studies that focused
on high-risk individuals, including those with a genetic
syndrome, and therefore we cannot generalise the find-
ings to such patients. As all studies were observational
(not randomised as the risk factors we assessed cannot
be randomised), they all had a potential to be biased, at
least in one of the domains assessed by the risk of bias
assessment. Although most studies attempted to adjust
for potential important confounders, we cannot rule out
residual confounding that might have biased the effect
estimates. To minimise this issue, we restricted our anal-
ysis to those that at least minimally adjusted for age and
sex.

Comparison to other studies
The association of age with metachronous CRC or
advanced neoplasia remains inconclusive. Our results
differ from previous meta-analyses [8] as our analytic
method allowed us to include all studies that assessed
age as a risk factor, whether they treated age as a cate-
gorical or continuous risk factor. We found evidence for
an increased risk of 3-11% (RR per year =1.07, 95% CIL:
1.03-1.11) of advanced neoplasia for each year older than
the first CRC was diagnosed. This could be due to an age-
ing bowel being more susceptible to a second cancer, but
we cannot rule out a simpler explanation that an ageing
bowel is at increased risk of any cancer. In contrast, Park
et al. [15] found that being younger than age 40years at
first CRC diagnosis was associated with an increased risk
of metachronous CRC by 6-fold (RR: 6.37, 95% CI: 2.51—
16.15) compared to people older than 40years. This study
might have estimated a different effect compared with
the other studies because it had a cohort of younger par-
ticipants resulting in a longer follow-up time. Removing
this study from our sensitivity analysis did not materially
change the pooled estimate of the age association.
Consistent with a previous systematic review [8], we
also observed that having synchronous advanced lesions
increased the risk of developing both metachronous
CRC and advanced neoplasia. Guidelines recommend
that patients with synchronous advanced lesions at their
initial surgery be followed intensely by colonoscopy. We
found a lower risk of metachronous CRC, but a higher
risk of metachronous advanced neoplasia for those with
a distally located initial CRC. One potential explanation
might be that it takes longer for a CRC to form. Usually,
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this is through advanced adenoma, which are detected
and removed by surveillance thereby altering the natural
history of CRC formation.

We found no evidence that lifestyle risk factors con-
tributed to the risk of metachronous CRC or advanced
neoplasia. However, it is difficult to rule out such asso-
ciations given most of the studies in our review collected
information about lifestyle risk factors before the pri-
mary CRC, when ideally the exposure would occur since
the primary CRC diagnosis. A diagnosis of CRC could
result in changes to lifestyle and behavior, for example
quitting smoking and drinking less alcohol [40]. We also
found insufficient evidence for the association between
diabetes and metachronous CRC. However, a real asso-
ciation could have been missed due to length-time bias
masking any associations, given CRC cases with diabetes
may be more likely to die due to diabetic complications
before developing metachronous CRC. We observed
marginal evidence that being overweight was associated
with increased risk of metachronous advanced neopla-
sia but not metachronous CRC. Many of the risk factors
were only assessed in a single study and therefore were
not amenable to meta-analyses, for example lifestyle
risk factors for metachronous CRC (e.g., smoking, alco-
hol intake, multivitamin and calcium supplementation),
pathological risk factors (e.g., tumour differentiation
and size) and surveillance interval. Therefore, compared
to the more commonly studied risk factors, power to
observe associations was low.

Existing guidelines [41] have clear expectations on the
surveillance of patients after curative resection, albeit
they are based on low levels of evidence. Recommenda-
tions are not nuanced with consideration of risk factors.
About 50% of metachronous CRC occur within 2years
after the primary CRC and hence the first colonoscopy
after CRC treatment is critical for patients. Australian
guidelines published by Cancer Council Australia and
endorsed by the National Health and Medical Research
Council (last updated in 2017) recommend a colonos-
copy 1 year after curative primary resection and then,
after a clear colonoscopy, a further colonoscopy every
5years [42]. This approach is a one-size-fits-all which
could be more targeted if risk factors could be identi-
fied, including this systematic review and meta-analysis.
For example, more intensive screening could be recom-
mended for those with a synchronous CRC or polyps at
the time of diagnosis of first CRC.

Conclusions

In conclusion, we comprehensively reviewed the current
evidence for a series of risk factors for metachronous
CRC and metachronous advanced neoplasia and con-
ducted meta-analyses to obtain pooled estimates. Similar
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to other studies, we found that synchronous advanced
lesions and the location of initial CRC (proximal vs distal)
were associated with the risk of developing metachro-
nous CRC and metachronous advanced neoplasia, and
we did not identify any additional risk factors. Existing
studies were generally small with short follow-up peri-
ods. Future studies aiming to identify new risk factors
will need to be larger, i.e., thousands of cases of colorec-
tal cancer followed prospectively over 10years and have
detailed information on a wide range of risk factors.
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