Received: 30 March 2023

Revised: 11 May 2023

Accepted: 16 May 2023

DOI: 10.1002/hsr2.1307

ORIGINAL RESEARCH

Health Science Reports

OpenAccess

WILEY

Comparison of the short- and long-term prognosis of
early-onset colorectal cancer compared with later-onset
colorectal cancer: A systematic review and meta-analysis

Taojun Jin?

1Department of Gastroenterology, Shuguang
Hospital Affiliated to Shanghai University of
Traditional Chinese Medicine, Shanghai, P. R.
China

2Department of Gastrointestinal Surgery,
Tongji Hospital, Tongji University School of
Medicine, Shanghai, P. R. China

3Institute of Clinical Epidemiology and
Evidence-Based Medicine, Tongji University
School of Medicine, Shanghai, P. R. China

Correspondence

Biao Gong, Department of Gastroenterology,
Shuguang Hospital Affiliated to Shanghai
University of Traditional Chinese Medicine,
Shanghai 201203, P. R. China.

Email: gb_ercp@shutcm.edu.cn

Zhigian Hu, Department of Gastrointestinal
Surgery, Tongji Hospital, Tongji University
School of Medicine, Shanghai 200065,

P. R. China.

Email: huzhiq163@163.com

Funding information

National Natural Science Foundation of China,

Grant/Award Number: 82104575; Clinical
Research Project of Tongji Hospital Affiliated
to Tongji University, Grant/Award Number:
ITJ-ZD-2104

| Xinxing Li?
Wengiang Wang? | Wei Zhang® | Xiaowen Xu?

Jue Li¥ | Xiaomao Yin? | Kai Xu? |
| Zhigian Hu?> | Biao Gong?

| Jianmei Jit |

Abstract

Background and Aims: The annual incidence of early-onset colorectal cancer
(EOCRC) is increasing at an alarming rate. The prognosis of EOCRC remains
controversial, and whether the early onset is a risk factor for colorectal cancer
remains unclear.

Methods: We searched four electronic bibliographic databases from database
inception to April 25, 2022 for studies that included both early- and later-onset
patients and performed a prognostic analysis. Random-effects models were used to
summarize the prognostic information extracted by the investigators, including
overall survival (OS), cancer-special survival (CSS), and disease-free survival (DFS).
Network meta-analysis (NMA) was used to compare patients' long-term prognoses
in different age subgroups.

Results: After 694 reports were screened, 13 studies were included in the final
analysis, with a total of 448,781 CRC cases. In the meta-analysis of the 5-year OS,
EOCRC had a better prognosis compared to LOCRC (hazard ratio [HR] 0.87, 95%
confidence interval [Cl], 0.74-0.99; relative risk [RR] 0.83, 95% ClI, 0.78-0.89). No
difference in prognosis was found between the two groups in terms of 5-year CSS
(RR 0.99, 95% Cl, 0.93-1.05), 5-year DFS (RR 0.90, 95% ClI, 0.74-1.09), and short-
term OS. In the NMA, patients aged <30 years had the worst outcome (surface
under the cumulative ranking curve [SUCRA], 15.8%) in 5-year OS; consistent results
were observed in the analysis of 5-year CSS (<30 years, SUCRA 4.5%), but the
difference was not statistically significant.

Conclusion: Although patients with early-onset CRC had better OS than those with
later-onset CRC, there was no difference in the CSS. Meanwhile, the trend for
survival was worse in younger patients, especially in those ages 18-29 years. Thus,

more attention should be paid to early diagnosis and treatment of EOCRC.
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1 | INTRODUCTION

Although the overall incidence of colorectal cancer (CRC) has
declined globally,'? the incidence of early-onset colorectal cancer
(EOCRC) in patients aged <50 years is increasing at an alarming
rate.>* Based on a cohort study in 20 European countries, the
incidence of CRC has increased in individuals aged 20-49 vyears.
Notably, the fastest increase in incidence occurred in the youngest
age group (aged 20-29 years), reaching an annual growth rate of
7.9%.> Researchers predict that within the next decade, 1 in 10 colon
cancers and 1 in 4 rectal cancers will be diagnosed in adults under 50
years of age.® The Western dietary pattern, consumption of red and
processed meat, smoking, overweight or obesity, CRC history in a
first-degree relative, and alcohol consumption have been found to be
significantly associated with the development of EOCRC.”"1° these
risk factors overlap with the identified risk factors for later-onset
colorectal cancer (LOCRC).}**2 Nearly one in five EOCRC patients
carry pathogenic germline mutations (about half of them are
mismatch repair gene mutations associated with Lynch syndrome),
and about one in four patients report a family history of CRC in a
first-degree relative,>> 1% but most remain disseminated. Compared
with later-onset patients, patients with EOCRC had a higher
proportion of progressive tumors at diagnosis, higher rates of poorly
differentiated cancers, and a higher incidence of distal colon and
rectal cancer, none of which could be explained by a single etiological
factor, such as hereditary syndromes. Therefore, there is reason to
believe that EOCRC is a unique subgroup of CRC.

The survival data for patients with EOCRC remain conflicting.
Some studies have reported a poorer prognosis owing to the
significantly higher proportion of progressive tumours in early-
onset patients.'®'” Although EOCRC has more metastatic regional
lymph nodes, patients with early-onset EOCRC are more likely to
receive systemic chemotherapy after surgical resection at each
disease stage.’® The higher incidence of microsatellite instability
provides more opportunities for patients with EOCRC to receive
immune checkpoint therapy. In recent years there has been a
growing belief that there is no difference in prognosis between two
cohorts based on retrospective cohort studies.” 2! Whether EOCRC
is a specific population requiring more attention remains unknown,
and the guidelines have recommended no specific treatment options
for this age group. Here, we performed a systematic review and
meta-analysis of all available studies to compare CRC-related
prognoses between early- and later-onset patients. Network

Systematic Review and Meta-Analysis Registration: The systematic review and

Meta-analysis protocol was registered with PROSPERO (registration number

cancer-specific survival, colorectal cancer, early-onset, later-onset, meta-analysis, overall
survival, prognosis, systematic review

meta-analysis (NMA) was used to compare the prognoses of patients
in different age groups.

2 | METHODS AND MATERIALS

2.1 | Review registration and approach

The eligibility criteria, quality assessment, and protocol were
registered with the International Prospective Register of Systematic
Reviews (registration no. CRD42022334697).22 This systematic
review and meta-analysis followed the 2020 Preferred Reporting
Items for Systematic Reviews and Meta-analyses (PRISMA)*® and
Meta-analyses of Observational Studies in Epidemiology (MOQOSE)

reporting guidelines.?*

2.2 | PICOS statement

The PICOS statement is as follows:

e P-patient, problem, population: EOCRC was defined as a diagnosis
of CRC in patients younger than 50 years.

e l-intervention or exposure: Patient age at diagnosis was the
primary exposure factor in this study.

e C-comparison, control, comparator: LOCRC was defined as the
diagnosis of CRC in patients aged >50 years. We compared the
prognosis between EOCRC and LOCRC groups using factors such
as overall survival (OS), cancer special survival (CSS), and disease-
free survival (DFS).

e O-outcomes: The outcomes were the hazard ratio (HR)
and relative risk (RR) of OS, CSS, and DFS as prognostic risk
factors.

2.3 | Search strategy

Two researchers (Taojun Jin and Xiaomao Yin) searched four
electronic bibliographic databases (PubMed, Web of Science,
Embase, and Cochrane Library) for articles published from the
database inception to April 25, 2022. The articles were only
published in English. We excluded nonhuman studies and irrelevant
publication types in the article retrieval process. Search strategies
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were based on the following keywords: colorectal, cancer, early
onset, and prognosis, as listed in the Supporting Information:
Methods. We also manually searched for relevant review articles,

comments, and references of original articles.

2.4 | Eligibility criteria

The inclusion criteria were as follows: (1) EOCRC was defined in adult
patients younger than 50 years of age; (2) both early-onset and later-
onset cohorts were included; (3) the early onset cohort included more
than 100 cases, with at least 1 year of follow-up; and (4)
observational cohort studies and cross-sectional studies. Studies
were excluded if: (1) only patients with early-stage cancer or
progressive tumours were included; (2) follow-up information was
unknown; (3) reuse of the same database; and (4) comments,
abstracts, or reviews lacking complete data, as well as studies not
published in English.

2.5 | Study selection and data extraction

After removing duplicates, each study was individually reviewed
by two researchers (Taojun Jin and Xiaomao Yin), who first
screened by title and abstract and second by full-text reading.
The consensus was achieved through a joint discussion with a
separate lead researcher (Xinxing Li) when the two researchers
disagreed. For each included study, the data were extracted by two
researchers using a standardized data form. We extracted the main
variable factors from the studies, including the year of publication,
country, tumor type, stage, participant age group, sample size, date
resource, time of diagnosis, and outcomes in the individual groups.
If conditions permit, we excluded data from the cohort of patients
aged >80 years to reduce the effect of advanced age on outcomes.
If the required data could not be retrieved from the text or
Supporting Information, we systematically contacted the authors
of the studies.

2.6 | Quality assessment

Two researchers (Taojun Jin and Xiaomao Yin) independently
assessed the quality of the included studies and reached a consensus
with a third researcher. Multiple tools were used to evaluate risk bias
for cohort studies, including the Risk of Bias in Nonrandomized
Studies of Exposures (ROBINS-E),>>2¢ Newcastle-Ottawa Scale
(NOS) checklist,?” modified Critical Appraisal Skills Programme
(CASP) checklist,?® and Joanna Briggs Institute (JBI) Critical Appraisal
checklist.?? After comparing the efficacies of the three quality
evaluation checklists, the optimal checklist was selected. The Agency
for Healthcare Research and Quality (AHRQ) checklist®® was used for
the cross-sectional studies.

Open Access

2.7 | Outcome measures

The primary outcomes analyzed were 5-year OS, CSS, and DFS, and
the secondary outcomes included survival data for the other time
cut-off values. We pooled similar prognostic data for the meta-
analysis. OS included overall survival and all-cause survival; CSS
included disease-specific survival and cancer-specific survival; and
DFS included disease-free survival, progression-free survival,
and recurrence-free survival. Patients were divided into early-onset
and later-onset groups using an age cut-off of 50 years, and death or
recurrence was extracted as an indicator of patient outcome. When
the number of effects for each outcome was 23, the effect sizes were

combined for meta-analysis.

2.8 | Statistical analysis

All analyses were performed using Stata version 17.0. HRs, RRs, and
the corresponding 95% confidence intervals (Cls) were used to
evaluate the outcomes. The RRs were not available directly from the
researchers and needed to be converted from the survival or
mortality rates of patients reported in the article. The pooled HRs
and RRs were analyzed separately for the meta-analysis. The I
statistic was used to estimate heterogeneity, and pooled analyses
were performed with a random effects meta-analysis model in the
presence of high heterogeneity (1?2 50%, phetemgene;ty<0.10),31'32
with fixed-effects models otherwise being utilized. Statistical signifi-
cance was determined by a p < 0.05. Sources of heterogeneity were
explored using subgroup and meta-regression methods.

Meta-regression was conducted to assess whether the geo-
graphic location, sample size, data source, tumor type, the advanced
age of the patient, time span of patient enrollment, stage, and cohort
type could affect the difference in prognosis between EOCRC and
LOCRC patients. A sensitivity analysis was used to determine the
reliability and quality of the results. When there were more than six
independent studies, sensitivity analyses were performed by remov-
ing one study at a time from the meta-analysis and recalculating the
pooled estimates. Egger's and Begg's tests were used to assess
publication bias using funnel plots (p < 0.05).

In NMA, the outcomes included 5-year OS or CSS for the
comparison between different age subgroups (<30 years, <40 years,
41-50 years >50 years). The NMA was performed according to the
PRISMA NMA guidelines.®3** The following steps were applied to
the NMA.

Step 1: Network geometry was created to explore the compara-
tive relationship between prognoses in different age subgroups.

Step 2: Consistency, whereby the direct comparison results are
consistent with those estimated by indirect comparison.

Step 3: A network forest plot or interval plot was used to show
the effect sizes for comparison between the age subgroups.

Step 4: Once differences in prognosis were assessed in the

previous steps, the next step was to rank different age groups to



JIN ET AL

4of14 WI LEy_HeaIth Science Reports

Open Access.

identify superiority by surface under the cumulative ranking curve
(SUCRA).

Step 5: Network funnel plots were created to check for
publication bias in the NMA.

3 | RESULTS

3.1 | Search and selection of studies

Figure 1 presents a flowchart of the literature search. A total of 1237
studies were obtained through electronic databases and manual
searches up to April 25, 2022. After excluding duplicates and title or
abstract screening, the full text was reviewed for 155 studies, and 21

studies were ultimately eligible for inclusion in the systematic review.

1237 Records initially identified through
database search

Of the 21 studies, three were excluded because they did not provide
the required prognostic data, five were excluded because they reused
the same database (Supporting Information: Table S1), and 13 were

finally included in the meta-analysis.

3.2 | Study characteristics

Twelve studies were cohort studies, and one was a cross-sectional
study with 448,781 CRC cases (EOCRC, n=67,290; LOCRC,
n=381,491).1¢2085-45 Taple 1 summarizes the basic information
16,20,36,37,39-42,45

on these studies. Data for nine studies were

obtained from national/state databases
(n =443,997), and data for four®>®8434* were obtained from tertiary
care centers (n=4784). The included studies were published from

or tumor registries

33 Additional records identified through
manual search

c
2
et
©
o
E
b
c
]
S

l

‘ 694 Records after duplicates removed ‘

|

‘ 694 Records screened ‘

539 Records excluded

398 After review of titles
141 After review of abstracts

155 Full-text articles assessed for eligibility

Eligibility

134 Full-text articles excluded
50 Other diagnostic criteria for EOCRC
30 Not included LOCRC
23 Early or advanced cancer research

21 No survival date
6 Insufficient EOCRC cases
4 Review articles

21 Studies included in qualitative synthesis

8 Records excluded

3 Unavailable prognostic data
5 Reuse of the same database

13 Studies included in quantitative synthesis
(meta-analysis)

7 Records excluded

(Not applicable age grouping)

6 Studies included for network meta-analysis ‘

FIGURE 1 PRISMA flow diagram for data collection. EOCRC, early-onset colorectal cancer; LOCRC, later-onset colorectal cancer.
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2012 to 2022; two studies*®*> only included colon cancer cases, and

_ W
[T =
9 & .. an:) rectal cancer cases were only included in one study.'® The study by
[%) [
g g ) .*050 % McClelland et al.?° included the largest number of cases (CRC,
- N c
g 4 8 & % n=240,772) with data from the SEER database and a time span of
o
o~ 55 confirmed cases from 1973 to 2011. The age at early onset
K] = -
§ & §° was defined as adult patients <50 years of age, with five
(1) = O
% § § § ‘g studies®840414344 incorporating patients aged 50 years into the
o] < N S Tg early onset cohort. For later-onset patients, different studies included
@ © I =
= A IN % E different age groups (e.g., 50-69, 50-75, 50-79, =50 vyears).
- - - S
5 ﬁu Considering that advanced age is a prognostic risk factor for CRC,
S 8 “3’ we excluded patients of advanced age (i.e., >80 years) from three
>
fC: x studies®>®7*! when they could be excluded from LOCRC as a
= I
= % o] separate cohort in the prognosis analysis (Table 1).
S Q )
= _r§ @ & In the risk bias assessment, the ROBINS-E checklist was more
2 b=
§ £ g § -§° applicable for assessing the quality of the risk of bias in the studies
‘g' g E E: C included in this research (Supporting Information: Table S2). The age
o Q
E 2 9] g § of patient onset was the only exposure factor in this study; thus,
© C O o)
a > < E TL; there was no difficulty in defining exposure factors, and exposure
2 § factors could not be terminated or adjusted (Supporting Information:
[N [e]
< 9 N R ,—>_" Tco: Table S12). The ROBINS-E checklist was recommended for assessing
I 5 8 & 8 % confounding effects in studies, data completeness, and presentation
% % % g % "3’ of outcomes. The NOS checklist was less applicable to this study
2 g ; o> g Q :— because the included articles were mainly derived from a database
E n n n S
Z vi A VvoA T % with complete follow-up. The exposure factor in this study was the
% :’ age of the patient at onset, which facilitated the statistics (Supporting
wn @
2 g GE) Information: Tables S3 and S4). The evaluation efficacy of the JBI
gn b E Critical Appraisal checklist (Supporting Information: Tables S5 and S6)
(2B
3 g % % g 2 is comparable to the modified CASP checklist (Supporting Informa-
- R4
°9 g > ; § tion: Tables S7 and S8), and the majority of studies are “low” risk of
o
<% W v E qt:) bias studies. The AHRQ checklist was used for this cross-sectional
E § study (Supporting Information: Table S9). All results are described
gp = = % E and tabulated.
@ - © T;; The general characteristics of the included studies are summa-
O =
§ § g rized in Supporting Information: Table S10. Regarding the sex
=
s § % composition, the prevalence was higher in men in both age groups
(@) o
E = O § % (EOCRC: Nmale/Ntemale = 1.16; LOCRC: Npaie/Nfemale = 1.31). The RR
L&; 8 of the female prevalence was 1.09 (95% Cl, 1.04-1.13) comparing
gy early- and later-onset groups. Regarding the site of incidence, early-
'§_ g onset patients had a higher incidence of left hemicolectomy (RR 1.08;
>
=hE g E E 95% Cl, 1.02-1.14) and rectum (RR 1.18; 95% Cl, 1.03-1.36)
c £ =1
:°: g L% § 3 compared to later-onset patients; in terms of staging, early-onset was
5 é more common than later-onset in patients with llI-1V at diagnosis (RR
5 ; < 1.21; 95% Cl, 1.15-1.28). The incidence of mucinous adenocarci-
§ > > § 2 é noma was higher in early-onset patients (RR 1.43; 95% ClI,
hs 2 2 E 5 % 1.09-1.88).
£ ot t 28 ¢
=) g 2 2 <o %
] o O [S] - c
> £ O O Eys 8 . .
£ BZ§ o 3.3 | EOCRC patients had better overall survival
é 3 0 @53 g
= ) = L e2< g
@ © - %’ S QE) & A total of 12 studies'2035-404445 for which data were available for
-l = =
w § %" '?V ® g 4 § 5-year OS were included in the meta-analysis. The HR for 5-year
— - == > [
2 X % é 2 E i % 05°%573? compared the early-onset, and later-onset groups was 0.87
- - - IS (95% Cl, 0.74-0.99; 1°=58.1%) (Table 2; Figure 2A) and the



JIN ET AL

_Wl LEY—m

Health Science Reports

TABLE 2 Summary of meta-analysis results.

LOCRC
Events

EOCRC
Events

p Value

P %

(95% Cl)

No of included patients Model HR/RR

No of included patients

No of included studies

0.049

58.1

0.85 (0.77, 0.92)

HR

Random effects

21,168

NA

3389

NA

5

5 years OS

<0.001

94.7

0.83 (0.78, 0.89)

RR

Random effects

339,533

130,071

61,656

20,819

7

5 years OS

<0.001

97.7

0.81 (0.60, 1.08)

RR

Random effects

75,159

22,761

18,268

4604

3

3 years OS

<0.001

RR 0.99 (0.63, 1.54) 90.8

Random effects

47,624

8776

11,311

1694

8

1 years OS

<0.001

87.3

0.99 (0.93, 1.05)

RR

Random effects

289,782

97,873

48,056

16,955

7

5 years CSS

<0.001

RR 0.90 (0.74, 1.09) 89.7

Random effects

40,653

12,826

7217

2188

4

5 years DFS

Abbreviations: Cl, confidence interval; CSS, cancer special survival; DFS, disease free survival; HR, hazard ratio; NA, not applicable; OS, overall survival; RR, relative risk.

Open Access

meta-valug!6-2040-424445 of the RR was 0.83 (95% Cl, 0.78-0.89;
1?=94.7%) (Table 2; Figure 2B). The RR for 3-yearr 0563841
compared two groups was 0.81 (95% Cl, 0.60-1.08; I?=97.9%)
(Table 2; Figure 2A) and the RR for 1-year 05383741 compare two
groups was 0.99 (95% Cl, 0.63-1.54; I? = 90.8%) (Table 2; Figure 2D);
demonstrating no statistically significant difference.

3.4 | No difference in cancer-specific survival
and disease-free survival

Seven studies??840-44 provided data for CSS, and the RR for 5-year
CSS was 0.99 (95% Cl, 0.93-1.05; I>=87.3%), suggesting no
statistical difference in cancer-specific prognosis (Table 2;
Figure 2E). The pooled 5-year disease-free survival was 0.90 (95%
Cl, 0.74-1.09; 1> =89.7%), including four studies®”:384345 (Table 2;
Figure 2F).

3.5 | Meta-regression and subgroup analysis

We performed meta-regression and subgroup analysis for 5-year OS
and 5-year CSS because of the high heterogeneity (I? 2 50%,
Pheterogeneity < 0.10). Meta-regression analyses were conducted to
further explore the impact of geographic location, sample size,
patient data sources, tumor types, advanced-age patients (yes or no),
the time span of patient enrollment, stage, and surgical cohort study
(yes or no) on the heterogeneity of the main results (Table 3;
Supporting Information: Table S11). We performed a subgroup
analysis based on the meta-regression of the independent variables.
A meta-regression analysis of the 5-year OS indicated whether
the study was a single surgical cohort account for heterogeneity
(R? =84.07%, p = 0.020) (Table 3). No factors for heterogeneity were
found in the meta-regression analysis of the 5-year CSS (p > 0.05)
(Supporting Information: Table S11). On the other hand, we
performed subgroup analyses based on meta-regression of the
variables. In the US population, early-onset patients have better
5-year OS (Americas, RR 0.78; 95% Cl, 0.65-0.93) (Table 3), while
studies in other regions suggested no difference between the two
groups. In the subgroup analysis of 5-year CSS, early-onset patients
had a better prognosis in the cohort with earlier disease stages (I-1ll,
RR 0.85; 95% Cl, 0.73-0.98) (Supporting Information: Table S11).

3.6 | Network meta-analysis

16,20,40-43

A total of six studies with sample sizes ranging from 2426

to 240772 cases were included in the NMA. Studies were required to
provide data for at least two age subgroups (<30 years, <40 years,

41-50 years, and >50 years) to be included in the NMA. Five

16,20,40-42

studies were included in the NMA analysis of 5-year OS,

and four studies?®404143

5-year CSS.

were included in the NMA analysis of
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Study % Study %
D RR (95% CI| Weight
D ES (95% Cl) Weight GRAcl) el
McClelland (2022) e 90 (0.89, 0.92) 18.60
Takada (2022) —%—— 1.12(0.90, 1.41) 14.67 :
Kolarich (2018) -~ 0.73(0.70,0.77) 17.27
Saraste (2020) - 0.71 (0.59, 0.86) 2556 :
Rodriguez (2018) —_— ! 0.69 (0.59, 0.80) 9.60
Wan (2020) — 0.91(0.73, 1.11) 20.10 Chou (2017) HES 0.91(0.88,0.93) 18.35
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FIGURE 2 Forest plots for meta-analysis of prognosis between EOCRC and LOCRC. Random-effects meta-analysis of 5-year OS, pooled
HRs (A); 5-year OS, pooled RRs (B); 3-year OS (C); 1-year OS (D); 5-year CSS (E); 5-year DFS (F). CSS, cancer-special survival; DFS, disease-free
survival; EOCRC, early-onset colorectal cancer; HR, hazard ratio; LOCRC, later-onset colorectal cancer; OS, overall survival; RR, relative risk.

The network diagram presented a closed loop with four nodes,
suggesting that patients of all ages could be compared in a mixed
manner (Figure 3A,B). The node size indicates the number of studies
included in the corresponding nodes. The consistency test suggests a
direct agreement between the direct and circumstantial evidence
(Supporting Information: Figure S1A,B). The following analysis can be
performed: NMA forest plots and league tables compared prognoses
and 95% Cls for each age group. Patients <40 years and 41-50 years
had a better prognosis in the 5-year OS analysis than patients <30 years

and >50 years (Supporting Information: Figures S2A and S3A). In the
5-year CSS analysis, there was no difference in prognosis between the
age groups (Supporting Information: Figure S2B and S3B).

The SUCRA provides a more intuitive result, and SUCRA
values close to 100% indicate a better prognosis. In the 5-year OS
analysis, patients aged 41-50 years had the best overall survival
(SUCRA, 87.2%), followed by patients <40 years (SUCRA, 78.2%),
>50 years (SUCRA, 18.8%), and <30 years (SUCRA, 15.8%)
(Figure 4A). In the analysis of 5-year CSS, the cancer-specific
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TABLE 3 Meta-regression and subgroup analysis of 5-year overall survival.

Variable No of included studies Relative Risk (95% ClI) p Value Adjusted R? (%)
Geographic location 0.776 -40.56
Americas 3 0.78 (0.65, 0.93)

Asia and Oceania 2 0.94 (0.86, 1.03)

Europe 2 0.66 (0.39, 1.10)

Sample size of EOCR 0.055 51.77
2500 5 0.87 (0.81, 0.93)

<500 2 0.60 (0.43, 0.84)

Patient data sources 0.068 42.28
Population-based 6 0.85 (0.79, 0.91)

Hospital-based 1 0.49 (0.34, 0.70)

Tumor types 0.385 29.58
CRC 4 0.91 (0.87, 0.96)

RC 1 0.73 (0.70, 0.77)

cc 2 0.77 (0.64, 0.92)

Contain advanced age patients® 0.163 19.68
No 4 0.88 (0.81, 0.95)

Yes 3 0.69 (0.55, 0.87)

Time span of patient enrollment 0.811 -41.44
210 years 3 0.82 (0.72, 0.93)

<10 years 4 0.82 (0.71, 0.94)

Stage 0.576 -25.23
-1V 1 0.90 (0.89, 0.92)

111 4 0.73 (0.65, 0.82)

NR 2 0.94 (0.86, 1.03)

Single surgical cohort study 0.020° 84.07

No 4
Yes 3

Abbreviation: EOCR, early-onset colorectal cancer.
2Advanced age patients indicate those over the age of 80.
bFont bold indicates statistical significance (p < 0.05).

survival rate was higher in patients >50 years (SUCRA, 71.7%)
than in other age groups, followed by patients aged 41-50 years
(SUCRA, 67.1%), <40 years (SUCRA, 56.7%), and <30 years
(SUCRA, 4.5%), which indicated that age is a protective factor for
CSS (Figure 4B).

3.7 | Sensitivity analysis and publication bias

We undertook sensitivity analysis for results with >6 included studies
and a large amount of heterogeneity (I? = 50%, Pheterogeneity < 0.10).
The patients' primary outcomes were stable (Supporting Information:

0.90 (0.87, 0.94)
0.68 (0.59, 0.79)

Figure S4). Funnel plots were plotted for the main results
(Figure 5A,B; Supporting Information: Figure S5A,B), AND NO
evidence of publication bias was found using Egger's and Begg's
tests (Figure 5C-F).

4 | DISCUSSION

This study is the first meta-analysis to use age at onset as a main
prognostic comparison between EOCRC and LOCRC. The results of
this systematic review and meta-analysis demonstrated that based on
a large number of case reviews, the OS of EOCRC was better than
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FIGURE 3 Network plot of colorectal cancer patients' 5-year overall survival (A) and 5-year cancer-special survival (B) in different age
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FIGURE 4 Cumulative ranking curve and SUCRA score of 5-year OS (A) and 5-year cancer special survival (B). SUCRA, surface under the

cumulative ranking curve.

that of LOCRC, while there was no difference in distant CSS and DFS.
No consensus guidelines regarding the treatment of EOCRC have
been published. Because there is no difference in prognosis
compared to LOCRC, some studies have concluded that EOCRC
does not require aggressive treatment,’® and this meta-analysis
supports this conclusion.

A systematic review revealed that the prognostic associations of
early-onset CRC are inconsistent. Several studies have shown poor
survival outcomes due to a higher proportion of progressive

tumours,*¢47

whereas others have reported a better prognosis than
later-onset patients.*®*24® However, previous studies have certain

of EOCRC or
52,53

limitations, such as inconsistent definitions
LOCRC,*7* studies only on patients with progressive tumours,
and insufficient study inclusion for prognostic analysis (fewer than

100 cases),'”** which do not allow for the exposure of actual

prognostic differences between the two age groups. Our study found
no differences in 5-year CSS, consistent with the results of several

2055 and similar

large-scale retrospective studies in recent years,
results were obtained for metastatic CRC.>? However, patients with
LOCRC had a worse 5-year OS, associated with risk factors for death
associated with increasing age, including ischaemic heart disease
(coronary heart disease), stroke, chronic obstructive pulmonary
disease, metabolic syndrome, and kidney disease.>

A wide range of scholars have noted the increasing incidence of
EOCRC in the past decades.>> Holowatyj et al.>” published a call in
Nature Reviews Cancer in 2021 for a global collaborative study on
EOCRC at multiple levels of biology, genetics, and epidemiology to
provide a basis for its prevention, detection, and treatment. Exposure
elements known to be associated with the development of EOCRC

are metabolic syndrome (abdominal obesity, hyperlipidaemia,
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FIGURE 5 The funnel plot generated for the 5-year OS (A) and 5-year CSS (B) was visually symmetrical in appearance. Coupled with the
Begg's and Egger's test, that suggests the absence of publication bias. Bgge regression test of 5-year OS, p =0.230 (C); Bgge regression test
of 5-year OS, p = 1.000 (D); Egger regression test of 5-year OS, p =0.171 (E); Egger regression test of 5-year OS, p =0.340 (F). CSS, cancer

special survival; OS, overall survival.

elevated blood pressure, elevated triglycerides, and low HDL-C), diet
(red and processed meat and dietary additives), antibiotics, alcohol
consumption, family history, and gut microbiota,”*874? most of which
overlap with established risk factors for later-onset disease. Several
large prospective cohort studies®?%® are underway to examine early
life exposure factors in patients with EOCRC to improve the risk
stratification for EOCRC. Colonoscopy is the best visual screening
modality for colorectal tumours. In 2018, the American Cancer
Society (ACS) lowered the recommended age for CRC screening from

50 to 45 years based on modeling data,®*®> suggesting that
beginning screening at the age of 45 years was associated with a
higher number of predicted life years gained and an improved
balance between screening burden and benefit. Even so, those under
45 vyears of age, especially the youngest (20-29 years),® have the
highest annual growth rate and will still miss the diagnosis. Nearly
86.4% of the EOCRC cases were symptomatic at diagnosis.®® The
lack of recognition and attention to symptoms and delayed
consultations

have increased the

incidence of progressive



12 0f 14 WI LEy_HeaIth Science Reports

JIN ET AL

OpenAccess

tumours.®%” Somatic markers of molecular characteristics found in
EOCRC can provide information for screening and targeted thera-
peutic approaches.® Although there was no difference in tumor-
specific survival in our study, previous studies have shown that
EOCRC is a biologically and clinically distinct disease from
LOCRC.%%%? Based on next-generation genome sequencing, a high
frequency of MSI-H and alterations in TP53 and CTNNB1 in EOCRC
were more common in EOCRC.>?7° A polygenic risk score based on
95 CRC-associated common genetic risk variants showed that the
cumulative burden of genetic variants was more strongly associated
with EOCRC.”! Recently, a noninvasive diagnostic method was
developed to achieve high EOCRC accuracy through liquid biopsy
with a novel miRNA signature.®®

The NMA suggested different prognoses according to age; the
analysis of both 5-year OS and 5-year CSS suggested the worst
prognosis among early onset patients aged <30 years, although the
latter showed no statistical difference. Considering the difficulty of
long-term follow-up of the 5-year CSS, including a larger sample in
the future would provide more definitive results. In summary, there is
reason to believe that patients <30 years is a noteworthy age group.
More advanced studies are needed to provide a theoretical basis for
individualized screening and treatment.

Our study has several limitations. The high heterogeneity in the
results of the studies was because the included studies were mainly
database-based with narrow confidence intervals for the data.
Although the age at the inclusion of the later-onset patients was
not uniform, we used meta-regression to demonstrate that excluding
advanced-age patients did not affect the generation of results or
heterogeneity. This study compared the prognostic differences
between the overall EOCRC and LOCRC cohorts. It is difficult to
avoid the heterogeneity of disease stages and treatment modalities
among patients in the same cohort. In addition, the NMA showed
refreshing results, but the number of included articles was low owing
to the lack of studies that provided age subgroups and prognoses.
High-quality prospective studies are still needed to examine the
prognosis and survival of EOCRC.

In conclusion, this meta-analysis provides a comprehensive
overview of CRC-related prognosis between early- and later-onset
patients. EOCRC had a better 5-year OS than LOCRC, indicating a
better long-term prognosis. However, there was no difference in
prognosis between the two groups in terms of the 5-year CSS,
5-year DFS, and short-term OS. The increased incidence of EOCRC
cannot be explained by genetic susceptibility solely. More intense
treatment of EOCRC patients based on genetic mutations alone has
been shown not to result in better clinical benefits. While
substantial evidence supports the benefits of CRC screening in
people over 45,2 there is a lack of suitable screening strategies for
patients under 45. Patients under 30 have the worst prognosis
compared to other age groups, partly associated with the neglect of
red flag symptoms and diagnosis delay.®®7? In addition, it cannot be
ruled out that this age group has unique molecular characteris-
57,70,71

tics that lead to poor prognosis. Attention to early symptoms

and exploring exposure risk factors and biological markers will

facilitate screening individuals with potential risks in young
populations, which has more significant social benefits for the early

diagnosis and treatment of patients.
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