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Abstract

Background Many studies have explored the clinicopathological features and prognosis between colorectal muci-
nous adenocarcinoma (MAC) and adenocarcinoma (AC) and have given different results. This meta-analysis summa-
rizes previous evidence and evaluates the clinicopathological and prognostic features of MAC relative to AC in colo-
rectal cancers (CRCs).

Methods The meta-analysis was conducted by searching the databases of PubMed, China National Knowledge
Infrastructure (CNKI), WANFANG data, Embase, and Web of Science. Pooled odds ratios (ORs) and hazard ratios (HRs)
and corresponding 95% confidence intervals (Cls) were calculated to assess the clinicopathological and prognostic
differences between MAC and AC.

Results Fifty-six studies involving 803157 patients met the inclusion criteria and were included in this meta-analysis.
The clinicopathological features of MAC were greatly different from AC, except for lymphatic invasion (OR=1.07,
95% Cl: 0.99-1.15, P=0.09) and perineural invasion (OR=0.92, 95% Cl: 0.79-1.06, P=0.09). Further investigation found
that MAC predicted poor OS (HR=1.04, 95% Cl: 1.03-1.04, P<0.01), but not DFS in CRCs (HR=1.01,95% Cl: 0.88- 1.17,
P=0.85). Subgroup analysis found that MAC was obviously correlated with OS in patients with different recruitment
time, with tumor located in rectum, from different regions, with different sample sizes and with TNM stage in |,

and calculated by different data types(P< 0.01).

Conclusions This study shows that MAC displays obviously different clinicopathological features compared with AC.
And MAC has a poor OS relative to AC but the DFS was comparable.
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The results of previous studies investigating the clin-
icopathological and prognostic features are controversial
[5]. Molecular and genetic analyses revealed significantly
differences between MAC and AC, indicating a promi-
nently different oncogenic development [6, 7]. MAC is
more advanced at diagnosis, located mainly at the right
side and has a poor prognosis compared with AC [8, 9].
In addition, MAC has a less firm consistency, which may
cause symptoms to arise only when the tumor reaches an
advanced stage [10]. Adjuvant chemotherapy should be
routinely recommended for patients with MAC stage II,
and special attention should be paid during their follow-
up for chemoradiotherapy resistance [11]. Therefore, the
prognosis and clinicopathological characteristics of MAC
deserve further investigations. Previous studies quantita-
tively assessing the differences of clinicopathological fea-
tures and prognosis in MAC and AC were systematically
reviewed in this meta-analysis.

Methods

The reporting of this systematic review follows the Pre-
ferred Reporting Items for Systematic Review and Meta-
Analyses (PRISMA) statement [12].

Search strategy and study selection

The literature was searched using PubMed, China
National Knowledge Infrastructure (CNKI), WANFANG
data, Embase, and Web of Science in December, 2022.
The search free-text terms used were (((((mucinous) OR
(mucus OR colloid)) AND (cancer OR tumor OR neo-
plasm OR adenocarcinoma OR malign))) AND (rectal
OR colon OR colorectal OR rectum)) AND (prognosis).

11359 of records identified
through database searching

J

4026 of records after duplicates
removed
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The control terms used in PubMed were (colorectal neo-
plasms) OR (colonic neoplasms) OR (rectal neoplasms)
and (adenocarcinoma, mucinous). Articles included
should meet the following criteria: (1) sufficient informa-
tion for calculating HR and 95% CI; (2) prognosis features
presented in adenocarcinoma and mucinous adenocar-
cinoma patients; Articles were excluded if they were:(1)
narrative reviews, case reports, congress abstracts; (2)
studies without comparison of survival data; (3) neither
English nor Chinese articles. In total, 56 studies were
included in the final meta-analysis [5, 8—11, 13-63]. A
flow diagram of the study selection and exclusion of
duplicate articles process is presented in Fig. 1.

Data collection

Two authors reviewed all the involved articles and
extracted the data independently. Disagreements between
the 2 authors were resolved with consensus. We indepen-
dently extracted the following data from each article: basic
research information (name of the first author, publica-
tion time, region, number of patients included, survival
analysis method); clinicopathological features of patients
(gender, age, tumor location, CEA, tumor size, differen-
tiation, metastasis location, lymphatic invasion, venous
invasion, peritoneal metastasis, lymph node metastasis,
distant metastasis, the mutation of KRAS and BRAEMSI
status, TNM stage and Duke’s stage); prognosis (the
HRs of the ratio of MAC to AC for overall survival (OS),
disease-free survival (DFS), as well as their 95% CIs and
P values). If available, HRs and 95% Cls were preferentially
obtained from multivariate results. Otherwise, they were
extracted from univariable outcomes or calculated using

Articles excluded by title and abstract n = 6336
7333 of records screened }—’ Not related to colorectal cancer n = 432
Not related to mucinous tumors n = 319

246 of full-text articles
assessed for eligibility

Studies without the comparison and survival data n = 133
No and incomplete articles found n =9

Language retraction n =7

Studies were irrelevant n = 42

56 of studies included in
quantitative synthesis
(meta-analysis)

Fig. 1 A flow chart of this study
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Engauge Digitizer version 4.1 (free software down-loaded
from http://sourceforge.net) to read the Kaplan—Meier
survival curves to get the HRs and 95% Cls [64—66].

Quality assessment

We independently assessed the quality of all eligible stud-
ies using the Newcastle-Ottawa quality assessment scale
(NOS). The NOS criteria evaluates the quality of articles
from the following three aspects: (1) subject selection, (2)
comparability of subject, (3) clinical outcome. We scored
the included studies based on these three aspects. Based
on the NOS standard score of 7-9, we defined high-
quality quality research, 4—6 points for medium quality
research, less than 4 points for low quality research.

Statistical analysis

We used Stata statistical software version 15.0 (Stata
Corporation, College Station, Texas, USA) and Review
Manager version 5 (Revman; The Nordic Cochrane Cen-
tre, Copenhagen, Denmark) to perform comprehensive
meta-analysis. We used Odds ratios (ORs) and Hazard
ratio with 95% confidence intervals (ClIs) to evaluate the
clinicopathological and prognostic differences between
AC and MAC, respectively. The statistical significance
of the pooled OR and HR was evaluated with the Z test
and P values, and P<0.05 was considered statistically sig-
nificant. Subgroup analysis was conducted to analyze the
sources of heterogeneity, which was assessed by means
of Q and I” statistic. Publication bias was assessed by the
Begg’s rank correlation method and Egger’s weighted
regression method and P value less than 0.05 was consid-
ered statistically significant. In addition, we used sensi-
tivity analysis to assess the influence of a single study on
pooled HR.

Results

Study selection and description of the included studies

A total of 8176 articles were obtained through database
retrieval. After removing duplicated studies and irrele-
vant studies (included not related to CRC and not related
to MAC) through screening title and abstract, 240 stud-
ies were remained. Then, we read the full texts of the arti-
cles carefully, articles without prognosis, incomplete and
language restrictions were eliminated and 56 studies met
our inclusion criteria were finally included in this meta-
analysis. The main characteristics of the included studies
are presented in Table 1. These studies were published
between 1976 and 2022. A total of 803,157 patients (sam-
ple sizes ranged from 70 to 164,628) were included in this
review. The relationship of OS between AC and MAC
was described in 54 studies [5, 8—11, 13—-43, 45-60, 62,
63] and DFS was compared in 13 studies [9, 11, 44, 46—
48,52, 53, 55, 59, 61-63]. Some included studies explored
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the relationship of OS and DFS between MAC and AC in
colon and rectum and different TNM stages. The features
of the included studies are listed in Table 1. All of the eli-
gible studies scored more than five by NOS, revealing a
high methodological quality across all studies.

Differences of clinicopathological features between MAC
and AC

Differences of clinicopathological features between MAC
and AC were presented in all included studies. MAC was
significantly correlated with multiple clinicopathological
features, including female(OR=0.87, 95% CI: 0.86-0.88,
P<0.01), tumor located in colon(OR=1.79, 95% CIL
1.76-1.83, P<0.01), tumor size>5 ¢cm(OR=2.26, 95% CIL
2.17-2.36, P<0.01), CEA>5 ng/mL (OR=1.62, 95% CI:1.38—
1.88,P<0.01), advanced T,N,M stages(OR=0.88, 95% CI:
0.87-0.90, P<0.01), advanced Duke’s stage(OR=0.57, 95% CI:
0.46-0.72, P<0.01), moderate and well differentiation(OR
=0.84, 95% CI: 0.82-0.85, P<0.01), non-vascular invasion(OR
=0.87, 95% CI: 0.78-0.98, P<0.01), non- lymphovascu-
lar invasion(OR=0.84, 95% CI: 0.74—0.95, P<0.01), BRAF
mutation(OR=2.80, 95% CI: 1.99-3.94, P<0.01), non-KRAS
mutation(OR=0.68, 95% CIL: 0.55-0.85, P<0.01), MSI-H
status(OR=2.80, 95% CI: 1.99-3.94, P<0.01), lymph node
metastasis (OR=2.59, 95% CI: 2.17-3.11, P<0.01), non-liver
metastasis (OR=0.51, 95% CI: 0.41-0.63, P<0.01), non-lung
metastasis (OR=0.62, 95% CI: 0.40-0.95, P=0.03), except
for lymphatic invasion (OR=1.07, 95% CI: 0.99-1.15,
P=0.09), and perineural invasion(OR=0.92, 95% CI:
0.79-1.06, P=0.25) (Table 2).

Prognostic value of MAC in CRCs

A total of 54 studies was enrolled to detect the prog-
nostic value of MAC in OS. A random-effect model was
used to calculate the pooled HR and 95% CI because
excessive heterogeneity existed among studies (P<0.01,
1>=86%) (Fig. 2a). Overall, MAC predicted poor OS
compared with AC (HR=1.04, 95% CI: 1.03-1.04,
P<0.01), but the DFS was comparable between MAC and
AC (HR=1.01,95% CI: 0.88- 1.17, P=0.85) (Fig. 2b). To
detect potential heterogeneity, subgroup analyses were
performed based on recruitment time, region, tumor
location, TNM stage, sample size and data type used
for calculating survival. As shown in Table 3, MAC was
obviously correlated with OS in cohorts with differ-
ent recruitment time (recruited before 2012 HR=1.01,
95% CI: 1-1.03, P=0.01; recruited after 2012 HR=1.04,
95% CI: 1.04-1.05, P<0.01), with tumor located in rec-
tum (HR=1.09, 95% CI: 1.07-1.11, P<0.01), from dif-
ferent regions (from eastern Asia HR=1.06, 95% CI:
1.05-1.06, P<0.01; from other regions HR=1.02, 95%
CIL 1.02-1.03, P<0.01), with different sample size (>500
HR=1.04, 95% CIL: 1.03-1.04, P<0.01;<500 HR=1.13,
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Table 2 Meta-analysis of the differences of clinicopathological features between MAC and AC in CRC
Parameters Characteristics Number of OR (95%Cl) 12(%) Ph V4 P value
studies
Gender(Male vs Female) 41 0.87 (0.86-0.88) 53 <0.01 18.82 <0.01
CEA(=5 ng/mL vs <5 ng/mL) 8 1.62(1.38-1.88) 57 0.02 6.10 <0.01
Tumor location(colon vs rectum) 36 1.79(1.76-1.83) 53 <0.01 56.98 <0.01
Tumor size(=5cm vs<5cm) 4 2.26(2.17-2.36) 57 0.07 38.36 <0.01
T stage(TO+Tis+T1+T2vs T3+T4) 21 048 (0.47-0.51) 88 <0.01 34.29 <0.01
N stage(NO vs N1T+N2) 14 0.83(0.80-0.86) 82 <0.01 10.31 <0.01
M stage(MO vs M1) 5 0.85(0.81-0.89) 85 <0.01 6.68 <001
TNM stage(O+ 1+ vs Il +1V) 26 0.88(0.87-0.90) 99 <0.01 15.08 <0.01
Duke's stage(A+B vs C+D) 9 0.57(0.46-0.72) 17 0.30 491 <001
Differentiation(poor vs moderate +well) 16 0.84(0.82-0.85) 99 <0.01 18.08 <0.01
Lymphatic invasion(+ vs -/missing) 9 1.07(0.99-1.15) 90 <0.01 1.70 0.09
Vascular invasion(+ vs -/missing) 9 0.87(0.78-0.98) 86 <0.01 237 0.02
Lymphovascular invasion(+ vs -/missing) 12 0.84(0.74-0.95) 96 <0.01 2.76 <0.01
Perineural invasion (+vs -/missing) 11 0.92(0.79-1.06) 21 0.24 1.16 0.25
BRAF mutation(+ vs -/missing) 3 2.80(1.99-3.94) 31 024 591 <0.01
KRAS mutation(+ vs -/missing) 4 0.68 (0.55-0.85) 50 0.11 342 <0.01
MSI status (MSI-H vs MSI-L+MSS) 6 1.83(1.48-2.27) 96 <001 5.58 <0.01
Lymph node metastasis (+vs -) 9 259(2.17-3.11) 96 <0.01 10.39 <0.01
Liver metastasis (+) 9 0.51(0.41-0.63) 41 0.10 5.96 <0.01
Lung metastasis (£) 5 0.62(0.40-0.95) 0 0.69 2.18 0.03

95% CI: 1.08-1.19, P<0.01), with different data types
(analysed with multivariate method HR=1.02, 95% CI:
1.02-1.03, P<0.01; analysed with Univariate or K-M sur-
vival curves HR=1.11, 95% CI: 1.1-1.13, P<0.01), and
with TNM stage II (HR=1.39, 95% CI: 1.07-1.8, P<0.01).
However, the OS were not statistically different in MAC
and AC patients with tumor located in colon (HR=1.01,
95% CI: 1-1.02, P=0.21), TNM stage III (HR=1.02, 95%
CI: 0.95-1.09, P=0.64) and IV (HR=1.13, 95% CI: 0.91—
1.41, P=0.27) (Table 3). As shown in Table 4, no signifi-
cant difference was detected in DFS between MAC and
AC.

Publication bias and sensitivity analysis

The funnel plots of publication bias of 54 studies for OS
and 13 studies for DFS showed basic symmetry (Fig. 3A
and B). Evaluation of publication bias using Begg’s and
Egger’s tests also showed that no publication bias existed
(P value of Begg’s test, 0.893 and 0.760 for OS and DFS,
respectively; P value of Egger’s test, 0.065 and 0.373 for
OS and DFS, respectively). Furthermore, to evaluate the
results of meta-analysis, sensitivity analysis was con-
ducted. No significant change was found in the results

when any one study was excluded, confirming the robust-
ness and reliability of meta-analysis results on both OS
and DFS (Table 5).

Discussion

This systemic review and meta-analysis explore the dif-
ferences of clinicopathological features and prognosis
between MAC and AC, it covers a wide range of time
from 1976—2022, 56 articles and 803,157 patients. Pre-
vious studies have confirmed that MAC often presents
with advanced stages [36, 41, 52, 67]. This meta-analy-
sis also showed that MAC was significantly associated
with advanced TNM stage and lymph node metastasis.
Besides, rate of lymphovascular invasion was also higher
in MAC than in AC. These results indicate the essential
role of mucin in local development and metastasis in
MAC.

However, lymphatic invasion (OR=1.07, 95%CI:
0.99-1.15, P=0.09) and perineural invasion (OR=0.92,
95%CI: 0.79-1.06, P=0.25) were not correlated with
MAC as revealed in this study. Compared with AC,
MAC was reported to be associated with different
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muc ac Hazard Ratio Hazard Ratio
or Subgrou log[Hazard Ratio SE__Total Total Weight IV, Fixed, 95% Cl _Year IV, Fixed, 95% Cl
SYMOND, 1976 0.16435286 0.09552523 1] 0 01% 1.18([0.98,1.42] 1976 1
SYMOND, 1976 0161368 0.12612911 1] 0 00% 1.18([0.921.50] 1976 T
Umpleby, 1985 -0.1079054 0.09293669 54 576 0.1% 0.90(0.75,1.08 1985 T
HALVORSEN, 1988 0.05307844 010806173 56 369  0.1% 1.05[0.85,1.30] 1988 -1
Connellys 1991 -0.0043648 0.13582246 60 120 0.0% 1.00[0.76,1.30] 1991 R
Maurizios 1992 0.28330123 0.21122388 17 76 0.0% 1.33[0.88 2.01] 1992 ]
Yamamoto, 1993 0.3283796 0.07529619 44 545  0.1% 1.39[1.20,1.61] 1993 -
Greens 1993 010720997 0.10866549 52 345  01% 1.11[0.90,1.38] 1993 1T
Seccos 1994 0.21484385 0.08826458 39 313 01% 1.24[1.04,1.47)] 1994 a—
WU s 1996 0.49485002 0.11576888 53 401 01% 1.64[1.31,2.06] 1996
Cusacks 1996 0.06818586 0.15926949 13 113 0.0% 1.07[0.78,1.46] 1996 I R
CEROTTINI> 1999 0.23299611 0.08735272 27 737 01% 1.26[1.06,1.50] 1999 I
TADAHIRO, 2000 0.37657696 0.11552063 18 265 0.1% 1.46(1.16,1.83] 2000
Purdie, 2000 0.01283722 0.10800406 46 199  01% 1.01([0.82,1.25] 2000 -1
CONSORTI, 2000 0.09342168 0.16873817 29 212 0.0% 1.10(0.79,1.53] 2000 I
Kanemitsu, 2003 0.2347703 0.06999658 97 2197 01% 1.26[1.10,1.45] 2003 -
Du, 2004 -0.06048075 0.03406605 438 8748 06% 094([0.88,1.01] 2004 T
Kang, 2004 0.00432137 0.00592481 16991 146115 19.5% 1.00(0.99,1.02] 2004
Du, 2004 013672057 0.0426096 189 6371 0.4% 1.15[1.05,1.25] 2004 -
Negri, 2005 0.17527982 0.08416985 45 90  01% 1.19[1.01,1.41] 2005 —
Lee, 2006 -0.31875876 0.0719405 294 252  01% 0.73[0.63,0.84] 2006 -
Filippos 2007 0.30963017 0.37386209 25 111 0.0% 1.36[0.65,2.84] 2007 -
Ashley Hill, 2007 017318627 011318814 48 29 01% 1.19[0.951.48) 2007 T
Farhat, 2008 0.22271647 018421884 35 35 0.0% 1.25[0.87,1.79) 2008 ]
Pande, 2008 0.26717173 0.2528638 20 753  0.0% 1.31[0.80,2.14] 2008 I
Catalano, 2009 0.20221578 0.09158723 49 206 0.1% 1.22[1.02,1.46] 2009 -
Sulta, 2009 0.23552845 014157143 39 69  0.0% 1.27[0.96,1.67] 2009 b
Chew, 2009 -0.09691001 0.20303062 1] 0 00% 091([0.61,1.35 2008 _
Wu, 2009 0.14612804 0.07847628 144 1837 01% 1.16[0.99,1.35] 2009 R
Hyngstrom, 2012 0.08635983 0.0117683 21037 158255 4.9% 1.09(1.07,1.12] 2012 -
Catalano, 2012 -0.05060999 0.11659048 178 847 0.1% 095(0.76,1.19] 2012 -1
Numata, 2012 0.34752516 0.07067007 144 2673 01% 1.42[1.23,1.63] 2012 I
Hyngstrom, 2012 0.01283722 0.00645558 4509 58733 16.4% 1.01([1.00,1.03] 2012
Hus 2013 0.30963017 0.08956859 85 690 0.1% 1.36[1.14,1.62] 2013 I
Imai, 2013 -0.12493874 0.10896614 144 91 01% 0.88[0.71,1.09 2013 /T
Hugen, 2013 0.08635983 0.02086271 744 8301 1.6% 1.09[1.05,1.14] 2013 -
Hugen, 2013 -0.00877392 0.0123853 2308 13544 4.5% 0.99([0.97,1.02] 2013 1
Hogan, 2013 -0.48148606 0.19170894 7 358 0.0% 062(0.42 090 2013
OOKI, 2014 -0.55253187 0.18697127 16 409  0.0% 058(0.40,083) 2014
Inamura, 2015 0.07554696 0.0781045 140 1196 01% 1.08[0.93,1.26]) 2015 I
El-Hawarys 2015 0.36735592 0.12199193 56 75 0.0% 1.44[1.14,1.83] 2015
Park, 2015 0.20139712  0.1096604 274 6201 01% 1.22[0.99,1.52] 2015 |
Ulrich » 2016 -0.0043648 0.01624211 2724 25172  26% 1.00(0.96,1.03] 2016 b
Claudia » 2016 0.04610479 0.02703942 613 8145 09% 1.05[0.99,1.10] 2016 —
Payandeh, 2017 -0.27572413 0.15776796 32 51 0.0% 0.76[0.56,1.03] 2017
Hosseini, 2017 0.09691001 0.06682805 144 1124 0.2% 1.10([0.97,1.26]) 2017 A
Soliman, 2018 0.39269695 0.14002251 34 190  0.0% 1.48[1.13,1.95 2018
DAl, 2019 0.02938378 000515392 13035 61985 257% 1.03(1.02,1.04] 2019 o
Lis 2019 0.04610479 0.0670063 428 7502 0.2% 1.05[0.92,1.19) 2019 T
Li, 2020 010720997 000687286 9494 107735 145% 1.11[1.10,1.13] 2020 -
Yus 2020 0.02366392 0.01090956 6592 62384 57% 1.02(1.00,1.05] 2020 r
Timays 2020 0.00860017 010780073 48 324 01% 1.01[0.82,1.25] 2020 R
WANG, 2020 0.20951502 0.10323969 126 252 01% 1.23[1.01,1.51] 2020 —
Quvaider,2021 -0.01772877 0.09968404 65 937  01% 088[0.81,1.19 2021 T
Lan, 2021 -0.45593196 0.14725419 73 219 0.0% 063[0.47 085 2021
Li, 2021 017897695 0.10313608 248 1652 01% 1.20(0.98,1.46) 2021 T
Abd-Allah, 2021 1.02918079 0.35965638 17 53  0.0% 2.80[1.38 5.66) 2021 e e—
Huang,2022 0.12385164 0.24314909 58 530 0.0% 1.13[0.70,1.82] 2022 —
Total (95% Cl) 82365 700612 100.0% 1.04 [1.03, 1.04] |
Heterogeneity: Chi*= 405.35, df= 57 (P < 0.00001); F= 86% 045 0=7 1=5 2
Testfor overall effect: Z=13.96 (P < 0.00001) Favours [experimental] Favours [control]
B muc ac Hazard Ratio Hazard Ratio
Study or Subgroup _log[Hazard Ratio] SE Total Total Weight IV, Fixed,95% Cl Year IV, Fixed, 95% CI
Hogan, 2013 -0.12493874 019132653 77 358 14.3% 0.88(0.61,1.28] 2013 -
Kim, 2013 0.26007139 0.56122443 41 353 1.7% 1.30(0.43,3.90 2013 —
OOKI, 2014 -0.42308304 0.16683674 16 409 188% 0.66(0.47,0.91] 2014 =
El-Hawary, 2015 0.39794001 0.67602041 56 75 1.1% 1.49(0.40,560) 2015 —
Park, 2015 019865709 041326531 274 6201 3.1% 1.22(0.54,2.74] 2015 -
Hosseini, 2017 0161368 017857143 144 1124 164% 1.18(0.83,1.67) 2017 T
Soliman, 2018 0.372912 064285714 34 190 13% 1.45(0.41,512) 2018 B
Li» 2019 0.00774778 013290816 428 7502 296% 1.01[0.78,1.31] 2019 -
WANG, 2020 0.2552725 0.44132653 126 252 2.7% 1.29(0.54,3.07) 2020
Abd-Allah, 2021 1.02918079 0.35965638 17 53 4.0% 2.80(1.38,5.66] 2021 I
Qwaider,2021 017609126 040816326 65 937 3.1% 1.19[0.54, 265 2021 T
Zhang, 2021 026717173 046683674 53 567 2.4% 1.31(0.52,3.26) 2021 T
Huang,2022 0161368 0.58673468 58 530 1.5% 1.18(0.37,3.71] 2022 T
Total (95% CI) 1389 18551 100.0% 1.01[0.88,1.17] ¢
ity: Chi*= = =012);F= : + ¢ !
Heterogeneity: Chi*=17.88,df=12 (P=0.12); F=33% 0.01 01 1'0 100

Test for overall effect: Z= 0.19 (P = 0.85)

Favours [experimental] Favours [control]
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Fig. 2 Forest plots: Summary hazard ratios (HRs) and 95% confidence intervals (Cls) of colorectal cancer OS (a) and DFS (b) for Mucinous subtype
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Table 3 Subgroup analyses for overall survival
Outcome Characteristics Number of HR(95%Cl) 12 (%) Ph z P value
studies
Recruitment time before 2012 27 1.01(1.00-1.03) 78 <0.01 2.59 0.01
after 2012 27 1.04(1.04-1.05) 89 <0.01 1443 <0.01
Tumor location colon 6 1.01(1.00-1.02) 54 0.05 1.26 0.21
rectum 5 1.09(1.07-1.11) 26 0.25 893 <0.01
Region eastern Asia 23 1.06(1.05-1.06) 89 <0.01 14.77 <0.01
other regions 31 1.02(1.02-1.03) 80 <0.01 6.48 <0.01
Sample Size >500 28 1.04(1.03-1.04) 90 <0.01 13,51 <0.01
<500 26 1.13(1.08-1.19) 72 <0.01 5.03 <0.01
Data types univariate or K-M 31 1.11(1.10-1.13) 73 <0.01 16.69 <0.01
survival curves
multivariate 23 1.02(1.02-1.03) 82 <0.01 791 <0.01
TNM stage Il 3 1.39(1.07-1.80) 0 0.63 248 0.01
1l 5 1.02(0.95-1.09) 70 0.01 047 0.64
I\ 2 1.13(0.91-1.41) 0 0.53 1 0.27
Table 4 Subgroup analyses for disease-free survival
Outcome Characteristics Number of HR(95%Cl) 12 (%) Ph Y4 P
studies
Region eastern Asia 8 0.97(0.82-1.14) 15 0.31 0.39 0.7
other regions 5 0.99(0.72-1.35) 0 0.86 0.09 0.93
Sample Size >500 6 0.90(0.80-1.02) 0 098 091 0.36
<500 7 0.82(0.66-1.03) 0 0.51 1.68 0.09
Data types univariate or K-M survival 5 1.20(0.89-1.63) 0 1.00 1.20 0.23
curves
multivariate 8 0.91(0.77-1.08) 0 043 1.09 0.28

molecular features, such as MSI and mutations in BRAF,
KRAS [68]. This meta-analysis suggests that MAC has
higher KRAS mutation and lower BRAF mutation ten-
dency. MSI-H is a well-established prognostic biomarker
for better survival [49]. Consistent with previous studies
[9, 28, 29, 33, 69], MAC patients exhibited a higher rate
of MSI-H, which might provide clues for using immuno-
therapy in MAC.

The prognosis of MAC patients is a pivotal topic but
has always been in controverse, this meta-analysis sug-
gests that MAC has a poor OS but comparable DFS com-
pared with AC. Previous studies have suggested that the
OS of MAC changes with tumor location and stage [9,
29, 41]. Subgroup analysis in this study found that MAC
was correlated with OS in cohorts with TNM stage II
and tumor located in rectum, but not with III or IV stage
and tumor located in colon. So the prognosis of patients
with MAC also varies and should be evaluated accord-
ing to the localization of the tumor and TNM staging.

We included 13 articles to explore the relationship of
DFS between AC and MAC, however, no difference was
found.

This meta-analysis has several limitations. First, het-
erogeneity in the meta-analysis is significant, although
sensitivity analysis revealed the prognostic value of
MAC by removing each study individually. Second, the
number of patients recruited in some included studies
was relatively small. Third, the included studies com-
prise a long time period and cover a diverse geographi-
cal origin, differences in treatment may affect survival
analysis for MAC. Fortunately, publication bias was not
detected for 54 studies for OS and 13 studies for DFS,
and sensitivity analysis revealed that no significant
change was found in the results when any 1 study was
excluded. Finally, although we use Begg’s and Egger’s
tests to assess the publication bias in our meta-analysis,
some missing data were inevitable.
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Fig. 3 Begg's funnel plots of the natural logarithm of the hazard ratios (HRs) and the SE of the natural logarithm of the HRs for the included studies

reported with OS (a) and DFS (b)
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Outcome Study omitted HR(95%Cl) 12 (%) Ph Z P value
[ON) Symond 1976 [12] (colon) 1.18(0.98-1.42) 86 <0.01 13.92 <0.01
Symond 1976 [12] (rectum) 1.18(0.92-1.50) 86 <0.01 13.94 <0.01
Umpleby 1985 [13] 0.90(0.75-1.08) 86 <0.01 14.00 <0.01
Halvorsen 1988 [14] 1.05 (0.85-1.30) 86 <0.01 13.95 <0.01
Connelly 1991 [15] 1.00(0.76-1.30) 86 <0.01 13.96 <0.01
Ponzdeleon 1992 [16] 1.33(0.88-2.01) 86 <0.01 13.95 <0.01
Yamamoto1993 [18] 1.39(1.20-1.61) 86 <0.01 13.82 <0.01
Green 1993 [17] 1.11(0.90-1.38) 86 <0.01 13.94 <001
Secco 1994 [19] 1.24(1.04-1.47) 86 <0.01 13.90 <0.01
Cusack 1996 [20] 1.07(0.78-1.46) 86 <0.01 13.96 <0.01
Wu 1996 [21] 1.64(1.31-2.06) 86 <0.01 13.87 <0.01
Cerottini 1999 [22] 1.26(1.06-1.50) 86 <0.01 13.89 <0.01
Purdie 2000 [25] 1.01(0.82-1.25) 86 <0.01 13.96 <0.01
Consorti 2000 [23] 1.10(0.79-1.53) 86 <0.01 13.95 <0.01
Tadahiro 2000 [24] 1.46(1.16-1.83) 86 <0.01 13.89 <0.01
Kanemitsu 2003 [26] 1.26(1.10-1.45) 86 <0.01 13.85 <0.01
Kang 2004 [28] 1.00(0.99-1.02) 85 <0.01 1520 <0.01
Du 2004 [27] (colon) 0.94(0.88-1.01) 86 <0.01 14.14 <0.01
Du 2004 [27] (rectum) 1.15(1.05-1.25) 86 <0.01 1379 <0.01
Negri 2005 [29] 1.19(1.01-1.41) 86 <0.01 13.90 <0.01
Lee 2006 [32] 0.73(0.63-0.84) 85 <0.01 14.13 <0.01
Hill 2007 [31] 1.19(0.95-1.48) 86 <0.01 13.93 <0.01
Filippo 2007 [30] 1.36(0.65-2.84) 86 <0.01 13.96 <0.01
Pande 2008 [34] 1.31(0.80-2.14) 86 <0.01 13.95 <001
Farhat 2008 [33] 1.25(0.87-1.79) 86 <0.01 13.95 <0.01
Sultan 2009 [37] 1.27(0.96-1.67) 86 <0.01 13.93 <0.01
Chew 2009 [36] 0.91(0.61-1.35) 86 <0.01 13.97 <0.01
Catalano 2009 [35] 1.22(1.02-1.46) 86 <0.01 13.90 <0.01
Wu 2009 [5] 1.16(0.99-1.35) 86 <0.01 1391 <0.01
Hyngstrom 2012 [39] (colon) 1.01(1.00-1.03) 86 <0.01 14.33 <0.01
Hyngstrom 2012 [39] (rectum) 1.09(1.07-1.12) 86 <0.01 12.59 <0.01
Numata 2012 [40] 142(1.23-1.63) 86 <0.01 13.73 <0.01
Catalano 2012 [38] 0.95(0.76-1.19) 86 <0.01 13.92 <0.01
Hogan 2013 [45] 0.62(0.42-0.90) 86 <0.01 14.00 <0.01
Hugen 2013 [41] 0.99 (0.97-1.02) 86 <0.01 14.44 <0.01
Xu 2013 [44] 1.36(1.14-1.62) 86 <0.01 13.87 <0.01
Imai 2013 [42] 0.88(0.71-1.09) 86 <0.01 13.99 <0.01
Ooki 2014 [46] 0.58(0.40-0.83) 86 <0.01 14.00 <0.01
ElHawary 2015 [47] 1.44(1.14-1.83) 86 <0.01 13.90 <0.01
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Table 5 (continued)

Outcome Study omitted HR(95%Cl) 12 (%) Ph Z P value
Park 2015 [9] 1.22(0.99-1.52) 86 <0.01 13.92 <0.01
Inamura 2015 [48] 1.08(0.93-1.26) 86 <0.01 13.94 <0.01
Claudia 2016 [50] 1.05(0.99-1.10) 86 <0.01 13.86 <0.01
Nitsche 2016 [49] 1.00(0.96-1.03) 86 <0.01 14.19 <0.01
Payandeh 2017 [8] 0.76(0.56-1.03) 86 <0.01 13.99 <0.01
Hosseini 2017 [51] 1.10(0.97-1.26) 86 <0.01 13.92 <0.01
Soliman 2018 [52] 1.48(1.13-1.95) 86 <0.01 13.91 <0.01
Dai 2019 [53] 1.03(1.02-1.04) 86 <0.01 12.84 <0.01
Li 2019 [54] 1.05(0.92-1.19) 86 <0.01 13.95 <0.01
Li 2020 [55] 1.11(1.10-1.13) 80 <0.01 8.68 <0.01
Tumay 2020 [56] 1.01(0.82-1.25) 86 <0.01 13.96 <0.01
Wang 2020 [11] 1.23(1.01-1.51) 86 <0.01 1391 <0.01
Yu 2020 [57] 1.02(1.00-1.05) 86 <0.01 13.85 <0.01
Abd-Allah 2021 [58] 2.80(1.38-5.66) 86 <0.01 13.94 <0.01
Lan 2021 [10] 0.63(0.47-0.85) 86 <0.01 14.02 <0.01
Li 2021 [59] 1.20(0.98-1.46) 86 <0.01 13.92 <0.01
Qwaider 2021 [62] 0.98(0.81-1.19) 86 <0.01 13.97 <0.01
Huang 2022 [61] 1.13(0.70-1.82) 86 <0.01 13.96 <0.01

DFS Hogan 2013 [45] 0.88(0.61-1.28) 36 0.10 047 0.63
Kim 2013 [43] 30(0.43-3.90) 38 0.09 0.13 0.89
Ooki 2014 [46] 0.66(0.47-0.91) 0 0.58 143 0.15
ElHawary 2015 [47] 49(0.40-5.60) 37 0.09 0.13 0.90
Park 2015 [9] 1.22(0.54-2.74) 38 0.09 0.1 0.91
Hosseini 2017 [51] 1.18(0.83-1.67) 36 0.11 0.19 0.85
Soliman 2018 [52] 145(041-5.12) 37 0.09 013 0.90
Li 2019 [54] 1.01(0.78-1.31) 38 0.08 0.19 0.85
Wang 2020 [11] 1.29(0.54-3.07) 37 0.09 0.10 0.92
Abd-Allah 2021 [58] 2.80(1.38-5.66) 0 0.57 0.39 0.70
Zhang 2021 [60] 1.31(0.52-3.26) 37 0.09 0.11 092
Qwaider 2021 [62] 1.19(0.54-2.65) 38 0.09 0.12 091
Huang 2022 [61] 1.18(0.37-3.71) 38 0.09 0.16 0.87

Conclusions Supplementary Information

MAC has greatly different clinicopathological features
compared with AC. And MAC indicated a poor OS
relative to AC, though the DFS was comparable. This
evidence suggests that MAC should be regarded as an

The online version contains supplementary material available at https://doi.
0rg/10.1186/512885-024-12905-3.

[ Supplementary Material 1.

unique cancer to treat, and further studies are needed
to better define the mechanism of MAC initiation and

development.
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