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Purpose: Postoperative adjuvant chemotherapy followed surgery is the standard management for
localized advanced colorectal carcinoma (CRC). Mucinous adenocarcinoma (MAC) is a peculiar histological subtype of CRC, but the prognosis of MAC patients is controversial. The objective of this study is to
assess the implication of MAC in survival of patients treated with surgery and ﬁrs-line adjuvant
chemotherapy.
Methods: Studies describing outcomes for advanced MAC and non-speciﬁc adenocarcinoma (AC) of CRC
patients treated with ﬁrst-line postoperative adjuvant chemotherapy followed surgery were searched in
PubMed, Embase, Medline, EBSCO, Wiley, and Cochrane Library (January 1963eAugust 2021). Hazard
ratios (HRs) of overall survival (OS), disease-free survival (DFS) and cancer-speciﬁc survival (CSS) for MAC
to AC were extracted. Random-effects model was used for calculating the pooled HRs and 95% conﬁdence
interval (CI).
Results: This meta-analysis is comprised of 8 studies involving a total of 124,303 CRC patients treated
with ﬁrst-line adjuvant chemotherapy followed surgery. The pooled HR for MAC was 1.23 (95% CI, 1.07
e1.41, p < 0.01, I2 ¼ 80%), and the DFS (HR, 2.95, 95% CI, 1.22e7.14) of MAC patients were signiﬁcantly
poorer than AC patients. Similar results were also observed in stage III and FOLFOX regimen subgroups.
Conclusion: MAC was a risk factor for prognosis of localized advanced CRC patients treated with postoperative ﬁrst-line adjuvant chemotherapy. Thus, the role of ﬁrst-line adjuvant chemotherapy regimens
should be further studied in these MAC patients.
© 2022 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction
Colorectal carcinoma (CRC) is one of the leading causes of cancer
death in the world [1]. The global burden of CRC is expected to
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increase by 60% to more than 2.2 million new cases and 1.1 million
deaths in 2030 [2]. Surgical resection is the only potentially curative
strategy for local CRC, and followed postoperative adjuvant
chemotherapy is generally advocated as the standard therapeutic
option for locally advanced (stage III and high-risk stage II) CRC
[3,4]. However, the survival beneﬁt of adjuvant chemotherapy for
these patients was still under debate in some special conditions. For
example, the beneﬁt of postoperative adjuvant chemotherapy in
stage II patients is still ambiguous [5,6]. What's more, some pharmacogenomics studies showed that microsatellite instability high
(MSI-H) and mutations in BRAF and KRAS in stage III colon cancer
led to therapeutic heterogeneity when treated with adjuvant
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chemotherapy regimens, (3) Studies that deﬁned MAC is not more
than 50% mucin components [27], (4) Studies enrolled same patients/data twice. The detailed search and selection procedure is
depicted in Fig. 1.

chemotherapy [7e10]. Thus, identiﬁcation of patients who will
beneﬁt from adjuvant chemotherapy may provide individualized
therapy regimen guidance.
Coincidently, mucinous adenocarcinoma (MAC), a relatively
unusual histology subtype but ranks second to non-speciﬁc
adenocarcinoma (AC) and constitutes 10%e15% of the total CRC
[11], has been demonstrated associated with DNA mismatch repair
deﬁciency (dMMR), BRAF and KRAS mutations, and MUC-2 high
expression [12e14]. These molecular features have always been
recognized as risk factors for prognosis of locally advanced CRC
patients treated with chemotherapy [7e10]. However, the prognostic value of MAC in CRC (M-CRC) patients has always been
controversial. Some studies have supported MAC as a poor prognostic indicator, while others disagreed [15e20]. Given these
above, an appropriate chemotherapy strategy and assessment
should be carried out for the unique histology subtype of MAC,
especially in locally advanced CRC.
Unfortunately, prevailing guidelines did not consider MAC as a
risk factor for treatment decisions. In contrast, several studies
demonstrated that MAC had no signiﬁcant impact on prognosis
compared with AC in CRC (A-CRC) [21,22]. More interestingly, there
were studies showed that MAC had a worse response to postoperative ﬁrst-line adjuvant chemotherapy, but not everyone holds
the same perspective [23e25]. Therefore, current meta-analysis of
all published studies was carried out to explore the exact role of
MAC on response to postoperative ﬁrst-line adjuvant chemotherapy in CRC patients.

2.3. Outcomes
The following information of eligible researches was retrieved
and recorded: authors’ name, year of publication, study type,
sample size, number of patients with M-CRC and A-CRC, population
characteristics, chemotherapy regimens, and hazard ratio (HR) for
MAC to AC of overall survival (OS), disease-free survival (DFS) or
cancer-speciﬁc survival (CSS) as well as its 95% conﬁdence interval
(CI).
2.4. Statistical analysis

2. Materials and methods

The HRs with 95% CI were estimated for dichotomous variables.
Meta-analyses were conducted with the R software (R; version 4.1.0
for Mac). Pooled HR and P-value were calculated using HartungKnapp method [28] for random-effect model, HR value < 1 favors
“AC” and HR value > 1 favors “MAC”. A funnel plot was generated to
visually examine the publication bias and the Egger's and Thompson's test was performed to access the funnel plot asymmetry.
Statistical heterogeneity and inconsistency were accessed with the
I2 test and t2 statistic. In addition, meta-regression and subgroup
meta-analysis were conducted to explore the source of heterogeneity, and sensitivity analysis was performed to detect the inﬂuence of each data.

2.1. Literature selection

3. Results

Based on the guideline of the Preferred Reporting Items for
Systematic Review and Meta-Analyses (PRISMA) statement [26], a
systematic search involving PubMed, Embase, Medline, EBSCO,
Wiley and Cochrane Library was performed for all studies published in English relating to outcomes following surgery and
postoperative adjuvant chemotherapy in CRC by using PICO format
search algorithm. The search strategy for each database is available
in Supplementary Table 1.
We also searched abstracts from the most important international meetings: ESMO, ILCA, ECCO and ASCO. The latest research
was performed on August 31st, 2021, the farthest literature search
ended in January 1963. Two researchers examined the title and
abstract of citations independently, and the full texts of potentially
eligible studies were obtained; disagreements were resolved by
discussion. If a discrepancy existed, a third author participated in
the process to get a consensus.

3.1. Eligible studies
The detailed information of eligible studies was depicted in
Table 1. 493 studies (230 in PubMed, 7 in EBSCO, 95 in Embase, 90 in
Web of Science, 66 in ASCO and 5 in Cochrane) were initially
enrolled, and 109 of them were removed because of duplication. 384
full-text articles were assessed for eligibility, 374 of which were
excluded. Finally, a total of 8 comparative studies were eligible for
analysis, including outcomes of CRC patients who received tumor
resection and postoperative ﬁrst-line adjuvant chemotherapy.
Among them, one was a randomized controlled clinical trial [29]. The
sample size ranged from 305 to 75,857 and featured a broad patient
population. Among the 8 studies, regimen of 4 studies of them was
FOLFOX [22,30e32], 2 of them were 5-FU-based ﬁrst-line chemotherapeutic regimens [29,33], besides, 2 studies from SEER and NCDB
with unknown regimen which we speculated them were ﬁrst-line
medicine [34,35]. All patients from the studies were localized CRC
patients, including 6 studies were stage III patients, 2 studies were
high-risk stage II and stage III patients. All patients from 5 studies
were administrated with at least 4 cycles of postoperative adjuvant
chemotherapy, and most of them completed 6e12 cycles of postoperative adjuvant chemotherapy [29,31,33,34,36e38]. The median
follow-up time ranged from 37 to 41 months which guaranteed
enough outcome events had been observed (Supplementary
Table 2).

2.2. Eligibility criteria
Comparative studies of M-CRC and A-CRC including data
regarding tumor resection, disease staging, postoperative adjuvant
chemotherapy regimens, overall survival, and recurrence were
eligible for inclusion. The following inclusion criteria were
considered: (1) patients diagnosed with locally advanced (stage II
or stage III) colorectal cancer who underwent curative surgery, (2)
interventions were postoperative adjuvant chemotherapy using
ﬁrst-line regimen (e.g., FOLFOX, CapeOX, FOLFIRI), (3) comparative
data between M-CRC and A-CRC patients, (4) information on outcomes of survival, recurrence, and metastasis. Studies beyond the
inclusion criteria or originally published in a language other than
English were excluded. Exclusion criteria were: (1) Not all patients
enrolled received curative surgery followed postoperative adjuvant
chemotherapy, (2) Patients were treated with second- or third-line

3.2. Pooled HR of MAC in prognosis of CRC patients
The combined survival of CRC patients who received adjuvant
chemotherapy followed surgery was showed in Fig. 2. A total of 8
studies reported HR of MAC to AC in prognosis of CRC patients. The
pooled HR was 1.23 (95% CI: 1.07e1.41, P < 0.010, I2 ¼ 80.0%) according to the random effect model.
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Fig. 1. Selection procedure for eligible studies in accordance with PRISMA guideline.

Table 1
Characteristics of included studies.
Eligible Studies
Studies

Year Institution

Morris
2008 Royal Perth, St John of God, Fremantle, and Sir
[37]
Charles Gairdner
Kim [33] 2013 Severance Hospital of Yonsei University
Hugen
[24]
Kanda
[31]
Powers
[38]
Yu [39]

2013 ECR
2018 Japanese Foundation for Multidisciplinary
Treatment of Cancer
2020 NCDB

Lee [35]

2013 Seoul National University Hospital

2020 SEER

Ahn [36] 2012 Seoul National University Hospital

Study
type
Case
review
Case
review
Case
review
Clinical
trial
Case
review
Case
review
Case
review
Case
review

Sample
Size
305
394
1934
5489
75857
39401
521
402

AC

MAC Sex (M/ Stage Hazard ratio
F)
(95%CI)
224
81
162/143 III
1.03 (0.68
e1.58)
353
41
227/167 III
1.82 (1.03
e3.23)
1630 304 NA
III
1.05 (0.86
e1.28)
5334 155 3086/
II-III 1.24 (0.81
2404
e1.88)
67306 8551 NA
III
1.09 (1.05
e1.12)
35671 3730 NA
III
1.154 (1.078
e1.235)
494
27
312/209 II-III 7.96 (3.76
e16.80)
360
42
NA
III
1.900 (1.003
e3.717)

Measured
outcome
OS

Chemotherapy
regimens
5-FU/LV

DFS

FOLFOX

OS

FOLFOX/CAPOX

OS

5-FU

OS

Unknown

CSS

Unknown

DFS

FOLFOX4/6

DFS

FOLFOX

Abbreviations: AC, non-speciﬁc adenocarcinoma; MAC, mucinous adenocarcinoma; OS, overall survival; DFS, disease-free survival; CSS, cancer-speciﬁc survival; 5-FU,5ﬂuororacil; LV, leucovorin; FOLFOX, ﬂuorouracil plus leucovorin and oxaliplatin; CAPOX, oxaliplatin þ capecitabine.

procedure showed that the signiﬁcance of overall effect did not
change. (Supplementary Table 3 and Supplementary Fig. 1).
Given that two largest studies from public database, which
comprise 92% of all included patients, have no speciﬁc data
regarding chemotherapy regimens, we conducted a meta-analysis

The result of Thompson and Egger tests showed the publication
bias was signiﬁcant (P < 0.050, Fig. 3). To determine the source of
heterogeneity and publication bias, sensitivity analysis was conducted, the I2 value and forest plot showed Lee's study [31] may be
responsible for the high heterogeneity, but one-study removed
2077
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Fig. 2. Pooled overall HR for MAC in survival of CRC patients had postoperative ﬁrst-line adjuvant chemotherapy followed surgery. Random-effects hazard ratios (HRs) are
calculated using the Hartung-Knapp method, the size of data markers varying according to the weight given to the speciﬁc study. TE, estimate of treatment effect; SE, standard error
of treatment estimate.

stage II-III subgroup and 2 from 5-FU-based regimens subgroup
showed no signiﬁcant difference (HR ¼ 3.06; 95%CI: 0.49e18.90;
HR ¼ 1.13; 95%CI: 0.84e1.52; respectively, Fig. 4A, C). However,
moderate to high heterogeneities were observed in most subgroups
which may be explained by missing data in some subgroups.

4. Discussion
This meta-analysis study demonstrated that MAC was associated with a poor prognosis in locally advanced CRC patients treated
with postoperative ﬁrst-line adjuvant chemotherapy followed
surgery. MAC also indicated a worse prognosis regardless of OS, DFS
or CSS. Our subgroup analyses found that MAC was a risk factor for
FOLFOX regimen, which might be explained by the poor response
to oxaliplatin, a major constituent of the regimen [39]. When
stratiﬁed by stage II-III and stage III, MAC showed worse prognosis
in later stage, which was concordance with previous study [40].
MAC is the second most common histology subtype of CRC,
which had peculiar characteristics. Increasing evidence has
demonstrated that MAC was different from AC in terms of its
clinicopathological features and genetic proﬁle. For example, MAC
is associated with faster tumor growth, more invasive potency,
poorer differentiation, advanced tumor stage, as well as frequent
dMMR, KRAS and BRAF mutation [22,41e43]. Moreover, MAC patients tended to have a poorer prognosis when they received the
same therapeutic strategy as AC patients [39,44,45]. However, there
are still some studies that considered MAC was not an adverse
prognostic factor for CRC [22,46].
MAC was always diagnosed at an advanced stage owing to
insidious onset and proximal colon location, which might lead to a
poorer outcome than that diagnosed at the early stage [46,47].
Furthermore, MAC had different molecular features from AC, which
probably brought faster cancer progression and resistance to treatment. There are studies that reported MAC had a high frequency of
RAF/RAS/MAPK (BRAF and KRAS) and PI3K/AKT (PI3KCA) mutations,
which are associated with poor prognosis in CRC patients [12,13]. In
addition, high expression of MUC-2 in MAC could against antitumor
immune effectors by providing a mucous layer, which was also a
potential explanation of chemotherapy-resistance [48,49]. With the
rapid progression of molecular diagnosis and gene sequencing for
CRC patients in clinic, more attention should be paid to individualized therapy for this uncommon histology subtype [50,51].
This study identiﬁed MAC as an independent risk factor for
survival of locally advanced stage CRC patients treated with

Fig. 3. Funnel plot of publication bias for HR.

after excluding these two studies. The pooled HR was 1.68 (95% CI:
1.07e2.63, P < 0.050, Supplementary Fig. 2), concluding these two
studies did not affect our result.
3.3. Meta-regression and subgroup meta-analyses
To explore whether the heterogeneity and publication bias
affect the quality of our results, we conducted meta-regression
model and subgroup analyses. The results of meta-regression
analysis were presented in Supplementary Table 4. The gender
distribution imbalance (4 studies, P < 0.001) would explain the
high heterogeneity of meta-analysis, other included covariates
were not responsible for the heterogeneity: publication years (8
studies, P ¼ 0.293), sample size (8 studies, p ¼ 0.157), baseline
mean age (4 studies, p ¼ 0.436) and median follow-up time (4
studies, P ¼ 0.722).
To further investigate the source of high heterogeneity, subgroup meta-analyses stratiﬁed by stages, outcomes, chemotherapy
regimens, and male ratio were conducted (Fig. 4AeD). MAC histology was associated with poorer prognosis in most subgroups.
This increased risk was more signiﬁcant in later stage (HR ¼ 1.12;
95%CI: 1.05e1.20; Fig. 4A), DFS (HR ¼ 2.95; 95%CI: 1.22e7.14;
Fig. 4B), FOLFOX regimen (HR ¼ 2.21; 95%CI: 1.00e4.86; Fig. 4C)
subgroups, but this association was not signiﬁcant in sex distribution group (Fig. 4D). Moreover, the pooled HR of the 2 studies from
2078
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Fig. 4. Pooled HR of MAC in survival of patients received postoperative ﬁrst-line adjuvant chemotherapy by subgroup analysis. (A) pooled HR stratiﬁed by tumor stages, (B) pooled
HR stratiﬁed by outcomes, (C) pooled HR stratiﬁed by chemotherapy regimens, (D) pooled HR of 4 studies stratiﬁed by male proportion. Random-effects hazard ratios (HRs) are
calculated using the Hartung-Knapp method, the size of data markers varying according to the weight given to the speciﬁc study. SE, standard error of treatment estimate.

FOLFOX regimen [25,53,54]. These ﬁndings indicated that FOLFOX
would not be a preferred regimen for MAC patients. The higher
incidence of recurrence for MAC patients could explain the higher
risk of MAC in DFS subgroup [55]. Additionally, a few studies supported the protective role of sex steroid hormone estrogen in CRC
development, mortality rates were higher in men compared to
women across different regions of the world [56,57]. Although
imbalanced sex distribution may be responsible for the high heterogeneity of meta-analysis, the result of subgroup analysis stratiﬁed with male proportion showed no signiﬁcant differences
between groups, the reason could be that there was too much
missing value in sex distribution. Therefore, this meta-analysis not
only answered the prognostic value of MAC in advanced CRC patients treated with postoperative ﬁrst-line adjuvant chemotherapy,
but also explained the potential risk factors.
There are also some unavoidable limitations in this study. Heterogeneities of data collection methods and outcome endpoint
selection existed in this study. First, owing to the inaccessibility of

postoperative ﬁrst-line adjuvant chemotherapy. In our subgroup
meta-analysis, tumor stage, chemotherapy regimen, endpoint of
outcome and gender proportion were analyzed because most
studies have identiﬁed these characteristics had crucial implications on prognosis of CRC patients. Increasing evidence has been
aroused that MAC is more often associated with high CpG island
methylator phenotype (CIMP), MSI and KRAS mutation, and the
molecular characteristics also promote the tumor growth and invasion. Thus, the high risk of MAC in stage III subgroup may be
explained by the aggressive behaviour and lymphovascular invasion which led to more advanced disease stage [36,38,52]. Our
result also showed MAC was a higher risk predictor in FOLFOX
regimen subgroup. A retrospective study revealed that MAC patients had a lower response rate to oxaliplatin agents than AC patients (18.4% vs 49%, p ¼ 0.0002). Simultaneously, overexpression of
oxaliplatin-resistance genes such as TS, GSTP1, ATP7B, and SRPK1
was conﬁrmed in MAC by some studies, which might provide a
molecular mechanism illustration of MAC had the poor response to
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origin data, median age, follow-up time and chemotherapy regimens were unclear in some studies because of the data source. And
these variables would have dominant impact on outcome of CRC
patients, however, these variables did not show any course significance in our meta-regression. Second, we cannot assess the efﬁcacy of utilized chemotherapy regimens in M-CRC patients because
of the unreported information about response to treatment, but
when we concentrate on the long-term outcome of CRC patients
treated with ﬁrst-line adjuvant chemotherapy, choosing survival
for the endpoint of our study is reasonable. In addition, most of the
included studies were retrospective observation, unavoidable heterogeneity and publication bias in meta-analysis of survival
decreased the quality of pooled hazard ratio. Non-English published reports were not included in our study; thus, the language
restriction may be responsible for this bias.
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5. Conclusion
This meta-analysis provided strong evidence that MAC was a
risk factor for prognosis of locally advanced CRC patients treated
with postoperative ﬁrst-line adjuvant chemotherapy. Considering
the high risk of MAC in earlier disease stage, FOLFOX regimen
subgroups, the existing adjuvant chemotherapy regimens should
be further studied in these locally advanced MAC patients.
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