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Objectives. Accumulating evidence indicates that the expression and/or variants of several genes play an essential role in the
progress of colorectal cancer (CRC). The current study is a meta-analysis undertaken to estimate the prognosis and survival
associated with CTNNB1/f3-catenin, APC, Wnt, SMAD3/4, TP53, and Cyclin D1 genes among CRC patients. Methods. The authors
searched PubMed, EMBASE, and Science Direct for relevant reports published between 2000 and 2020 and analyzed them to
determine any relationship between the (immunohistochemically/sequencing-detected) gene expression and variants of the
selected genes and the survival of CRC patients. Results. The analysis included 34,074 patients from 64 studies. To evaluate
association, hazard ratios (HRs) were estimated for overall survival (OS) or disease-free survival (DFS), with a 95% confidence
interval (CIs). Pooled results showed that f-catenin overexpression, APC mutation, SMAD-3 or 4 loss of expression, TP53
mutations, and Cyclin D1 expression were associated with shorter OS. p-Catenin overexpression (HR: 0.137 (95% CI:
0.131-0.406)), loss of expression of SMAD3 or 4 (HR: 0.449 (95% CI: 0.146-0.753)), the mutations of TP53 (HR: 0.179 (95% CIL:
0.126-0.485)), and Cyclin DI expression (HR: 0.485 (95% CI: 0.772-0.198)) also presented risk for shorter DFS. Conclusions. The
present meta-analysis indicates that overexpression or underexpression and variants of CTNNBI1/f3-catenin, APC, SMAD3/4,
TP53, and Cyclin DI genes potentially acted as unfavorable biomarkers for the prognosis of CRC. The Wnt gene was not associated

with prognosis.

1. Introduction

Globally, cancer is the second leading cause of death after
heart disease, and it is a prominent health issue. More
specifically, colorectal cancer (CRC) is the third leading
cause of death among men and women [1]. Unlike many
other types of cancer, the survival rate for CRC has not
changed a great deal. Recent studies showed that the
prognostication of CRC depends upon the clinicopatho-
logical factors and the stages of tumor characteristics and
reported the association with survival times and clinical
outcomes [2-4]. Several susceptibility studies on the asso-
ciation of a genetic variant and CRC have been reported [5].
The solid tumors of CRC have served as genetic and bi-
ological paradigms and instigated to conduct studies on
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early detection [6], prevention [7], risk stratification [8], and
treatments [9]. However, a greater understanding and
identification of genetic biomarkers involving molecular and
genetic pathways with improved sensitivity and specificity
could improve screening for and expedite the diagnosis of
CRC, yielding better outcomes. Currently, the prediction of
outcomes in CRC relies heavily on traditional cancer
characterization methods, including clinicopathological
characteristics, such as staging, tumor size, invasion, tumor
sidedness, and metastasis. It contributes to CRC’s high
mortality rate and tendency for poor prognosis with dis-
appointing survival rates [10].

The uses of molecular prognostic biomarkers to forecast
the progression of the condition and likely survival have
interested scholars for some time [11]. However, CRC is
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a very diverse disease, and it is associated with complex
interactions between genetic biomarkers and environmental
risk factors. In addition, transduction pathways, namely
transforming growth factor B-suppressor of mothers against
decapentaplegic (TGEB-SMADs), wingless/integrated (Wnt),
and tumor suppressor protein (p53), play an essential role in
the initiation and development of CRC [4]. The tumor
protein p53 gene (Tp53) located at chromosome 17pl3
consists of 90% of missense mutations. Furthermore, studies
have reported that genetic variations, particularly at codon
72 Pro/Arg gene polymorphism of the Tp53 gene, could
affect the prognosis and treatment of CRC [12]. The Wnt
signaling pathway is of particular interest because of its vital
function in embryogenesis and tissue homeostasis. Many
studies have identified the excessive activation of Wnt sig-
naling as playing a major role in CRC [13]. A genome-scale
analysis has recognized that 90% of patients with CRC
carried genetic variations in the Wnt signaling pathway,
particularly the loss-of-functional variations of adenoma-
tous polyposis coli (APC) and variations that activate the

mutations of S-catenin [14].

The membranous expression of f3-catenin applies a re-
strictive impact on the movements of tumor cells and their
growth. The increases in cell motility, growth, and trans-
formation promote tumorigenesis because of the loss of
p-catenin expression on the cell surface [12]. Pre-existing
intracellular B-catenin can cause abnormality in Wnt/
B-catenin-TCEF signaling, leading to the progression of CRC.
The hyperactivation of Wnt/S-catenin signaling enhances
the invasive and metastatic possibility of CRC cells, while the
knockdown of f-catenin in CRC cells reduces cell pro-
liferation and further invasion [15]. Studies have reported
the detection of nuclear B-catenin expression using im-
munohistochemical methods, and they have reported an
association with a high burden of tumor and poor CRC

survival [15].

Somatic mutations at the APC gene are found in ap-
proximately 75% of CRC cases. Several studies have sug-
gested worse outcomes for CRC patients with wild-type APC
(APC-WT) in comparison to mutant-type APC (APC-MT)
[16]. However, the prognostic implication of this genomic
alteration is not well-defined, especially in metastatic CRCs.
SMAD4/DPC4 is a tumor suppressor gene that regulates cell
growth and a common intracellular mediator that could alter
the TGE signaling to promote tumor progression. Studies
have reported an association of SMAD4 genetic variation
with tumor invasion, metastasis, and prognosis in various

cancers [17].

In light of inconsistent results in the literature, the
authors perceived a need for a meta-analysis that would
explore the prognostic value of selected genes in CRC.
The objectives were to estimate the pooled risk (hazard
ratio, HR) identified (between the years 2000 and 2020)
for each of these genes for overall survival (OS) and
disease-free survival (DFS) in CRC patients. Thus, this
meta-analysis comprehensively explores the prognostic
role of selected genes in the p-catenin and related
pathway implicated in the development and progression

of CRC.
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2. Methods

2.1. Publication Search and Inclusion Criteria. The authors
searched the databases of PubMed, EMBASE and Science
Direct for relevant published articles. Search terms included
medical phrases related to SMAD 3, SMAD 4, -catenin,
Catenin beta 1(CTNNBI), APC, Wnt, Cyclin D1, Tp53, or
p53 genes and their variants/polymorphisms, in combina-
tion with words related to CRC (tumor, neoplasms, carci-
noma, CRC, colon cancer, or rectal cancer). In addition,
terms related to prognosis (outcome or survival) were used
to retrieve eligible studies from 2000 through to the end of
2020. Furthermore, the references in the selected published
articles were searched to identify potentially relevant studies.

Eligible studies were selected based on the following
criteria: (a) pathologically confirmed (i.e., via tissue samples)
patients with CRC, (b) immunohistochemical/sequencing
detection methods for the selected genes and OS, DEFS,
cancer-specific survival (CSS), or recurrence-free survival
(RFES), (c) English language, and (d) full-text articles. Edi-
torial letters, reviews, case reports, studies with duplicated/
repeated data, and studies lacking essential information and
animal studies were excluded.

2.2. Data Extraction. In accordance with the meta-analysis
of observational studies in epidemiology (MOOSE) guide-
lines [18] and in compliance with PRISMA guidelines, the
data were evaluated and extracted by two independent re-
searchers, who entered them all onto the data extraction
form. For data extraction, the details recorded were as
follows: the first author, publication year, country, total
number of cases, type of cancer, stages, reported genes, gene
detection method, cut-off values used, hazard ratios (HRs)
with their 95% confidence intervals (CIs), and P values. For
inconsistencies, a consensus was reached on each item
among the authors. The Newcastle-Ottawa scale (NOS) was
used to evaluate the quality of the eligible studies.

2.3. Statistical Analysis. The meta-analysis was executed
based on HRs calculated by the log-rank test for OS and
RFS differences with different gene expression levels.
Calculations were based on HRs from the original publi-
cations, including 95% CI, and subsequent back-calcula-
tion to log (HR) and standard error (SE) for overall
estimates. Wherever available, HRs based on a multivariate
analysis were used. Log (HR) and SE were entered in
statistical software NCSS (NCSS, LLC, Kaysville, UT,
https://www.ncss.com/), and meta-analyses were validated
in the software Comprehensive Meta-Analysis (CMA;
Biostat, Inc., Englewood, NJ, https://www.meta-analysis.
com/). The heterogeneity of pooled results was analyzed
using Cochran’s Q test and the Higgins I-squared statistic.
The absence of heterogeneity is based on the Q test revealed
P heterogeneity>0.1 and I* < 50%. To estimate the summary
HRs/ORs, a fixed-effects model (the Mantel-Haenszel
method) was used [19]. Elsewhere, the arandom-effects
model (the DerSimonian and Laird method) [20] was used.
To examine the publication bias, Begg’s funnel plot and
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Ficure 1: PRISMA flow chart of the selected studies.

Egger’s linear regression test were used, and P <0.05 was
considered statistically significant (i.e., an asymmetrical
distribution). All of the results were presented with HRs,
upper and lower limits, and P values and were illustrated in
forest plots for the individual studies with the weighted and
pooled effects.

3. Results

3.1. Study Characteristics. Figure 1 shows the comprehensive
process used to select articles in this study, which was based
on PRISMA guidelines. After the removal of duplicates, the
database search yielded 4,112 articles. Based on the inclusion
criteria and after screening the titles, abstracts, figures, and
key data, 82 articles were finalized for literature studies
[21-40], [41-60], [61-80], [81-102]. However, only 64 ar-
ticles [21-31, 33-36, 38-40, 42-56, 59-61, 64, 66,
68-70, 72, 73, 75, 76, 78, 81-86, 88, 90, 91, 93, 95, 97-102]
were retrieved for meta-analysis with 105 data points of the
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selected genes. Of these, four studies had evaluated the
prognostic value for RFS [47, 81, 88, 101]. Six studies in-
cluded cancer-specific survival [26, 46, 48, 65, 98, 103],
whereas three reported progression-free survival (PES)
[32, 76, 84]. All others reported either OS and/or DEFS. Since
the number of studies for the first three indicators was small,
the data for CSS, PFS, and RFS were combined with DFS.
Thus, 64 studies involving 34,074 patients evaluating OS and
DFS were analyzed in the current meta-analysis.

3.2. Review of Eligible Studies. The 82 studies identified as
having presented data on baseline genes and prognosis in
CRC are listed in Table 1 [21-40], [41-60], [61-80],
[81-102]. Most of these studies were from the USA (n=18),
followed by China (n=11), Korea (n=7), Sweden (n=56),
Japan and Greece (n=05), Australia and Austria (n=4),
Norway (n=3), Taiwan, Egypt, Germany, Hungary, Italy,
Netherlands and Turkey (n=2), and one each from Brazil,
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TaBLE 2: Hazard ratios of studies included in meta-analysis.

95% CI
No. Author Year Gene Outcome HR ’
Lower Upper
Wang et al. (COH/UCD) [75] APC (oM 0.62 044 0.86
Wang et al. (MSKCC) [75] APC oS 0.63 049 0.81
| Wangetal (COH/UCD) [75] CTNNBI oS 095 035 255
Wang et al. (MSKCC) [75] CTNNB1 oS 1.67 086 3.26
Wang et al. (COH/UCD) [75] TP53 0S 133 093 1.88
Wang et al. (MSKCC) [75] TP53 oS 1.00 0.77 1.30
Progression-free
APC survival 0.68 0.54 0.86
2 Mondaca et al. [76] 2020 Progregison—free 0.56 042 075
CTNNB1 survival 163 0.97 2.74
oS 1.18 0.64 2.19
3 Gerami et al. [78] 2020 APC oS 324 121 8.68
. oS 090 0.27 2.96
Jorissen et al. (MSI) [81] 2015 APC RES 126 025 650
. oS 2.01 1.17 3.43
4 Jorissen et al. (MSS) [81] 2015 APC RES 271 139 5028
Jorissen et al. (Validation cohort, (oM 302 1.67 547
MSS) [81] 2015 APC RFS 214 110 418
5 Voorneveld et al. [82] 2012 SMAD-4 oS 247 1.02 415
6 Li et al. [83] 2011 SMAD-4 oS 7.04 3.88 12.82
Progression-free
7 Yoo et al. [84] 2019 SMAD-4 survival 127101 1.60
Cancer-free survival 1.45 1.06 1.99
DES 092 0.69 1.222
8 Su et al. [85] 2016 SMAD-4 oS 087 064 1187
oS 1.58 1.23 2.01
9 Roth et al. [88] 2012 SMAD-4 RES 147 119 181
10 Isaksson et al. [90] 2011 SMAD-4 (0N 1.81 1.09 3.00
SMAD-4 (nuclear) (ON] 1.71  0.83 3.511
1 Chun et al. [95] 2014 SMAD-4 (cytoplasmic) 0s 115 057 230
oS 7.98 412 1544
12 Meskar et al. [97] 2009 SMAD4 DES 657 343 1256
. B catenin (membrane f-catenin
13 Salim et al. [53] 2013 absent + nuclear GSK3 f) oS 1.98 1.01 3.89
14 Kamposioras et al. [54] 2013 B-Catenin (membrane) DFS 033 014 0.77
B-Catenin (membrane) (oY 1.13  0.62 205
15 Gao et al. [55] 2014 B-Catenin (nucleus) (oM 071 038 1.70
. (ON] 0.41 0.19 0.85
g Jang et al. [56] 2012 B-Catenin DES 116 047 285
. (0N 0.205 0.09 0.46
Jang et al. [56] 2012 Cyclin D1 DES 045 021 096
p-Catenin, nuclear oS 1.02 0.73 1.31
17 Chung et al. [59] 2001 B-Catenin, phosphonuclear (N} 218 130 3.68
B-Catenin (cytoplasm) (O} 032 012 0383
18 Fernebro et al. [60] 2004 B-Catenin (membrane) (oY 1.7  1.00 3.0
B-Catenin (nucleus) (0N 1.1 0.62 2.0
Fernebro et al. [60] 2004 053 0s 11 050 25
19 Bondi et al. [61] 2004 p-Catenin (nuclear, combined with C-Myc) (oM 526 193 14.36
B-Catenin (o} 0.68 039 119
20 Jung et al. [64] 2013 p53 0s 139 082 228
21 Wangefjord et al. [65] 2013 B-Catenin Cancer-specific 70 051 0.97
survival
. . oS 1.99 0.75 5.32
22 Balzi et al. [66] 2015 B-Catenin (nucleus) DES 126 062 256
B-Catenin DES 1.94 0.86 4.38
23 Togo et al. [68] 2008 p53 DFS 170 083 348
24 Matsuoka et al. [69] 2011 B-Catenin (ON] 2,66 154 4.60
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TaBLE 2: Continued.
95% CI
No. Author Year Gene Outcome HR
Lower Upper
B-Catenin (cytoplasm) Carg(e)l;—tzﬁft:aﬁc 082 064 1.06
25 Morikawa et al. [70] 2011 Camt™ e)c’iﬁc
B-Catenin (nucleus) b 0.80 062 103
mortality
26 Stanzak et al. [72] 2011 B-Catenin (0N 248 130 4.74
p-Catenin (membrane) oS 0.58 014 228
27 Toth et al. [73] 2012 B-Catenin (nucleus) (o 225 061 832
DEFS 292  1.30 6.53
28 Horst et al. [98] 2009 B-Catenin Cancer-§pec1ﬁc 746 208 2672
survival
oS 226 1.21 4.21
29 Bazan et al. [27] 2005 TP53 DFS 214 106 432
TP53 oS 0.88 0.78 1.00
CTNNB1 oS 0.79 0.44 1.44
30 Khan et al. [28] 2018 SMAD-4 oS 131 1.09 157
APC (ON] 0.89 0.79 1.01
p53 CRC Risk 0.19 0.04 0.96
31 Brandstedt et al. [29] 2014 B-Catenin CRC risk 097 066 141
Cyclin D1 CRC risk 0.07 0.01 0.88
32 Huemer et al. [30] 2018 TP53 oS 1.22  0.84 1.78
33 Sun et al. [31] 2014 TP53 oS 205 126 3.34
oS 0.71  0.65 0.76
34 Warren et al. [33] 2013 TP53 DES 060 054  0.66
oS 099 0.53 1.55
35 Netter et al. [34] 2014 TP53 Progresspn—free 104 060 179
survival
36 Loes et al. [51] 2016 TP53 Disease-specific 76 47 128
survival
. oS 1.88 1.17 3.04
37 Kandioler et al. [35] 2015 TP53 CFS 173 104 286
oS 1.58 0.97 2.56
38 Chen et al. [36] 2013 TP53 DES L7l 103 286
39 Oh et al. [38] 2019 TP53 5-year survival 271 1.60 4.60
oS 047 0.27 0.83
40 Wang et al. [39] 2017 TP53 DES 042 024 073
oS 1.66 0.88 3.14
41 Zhang et al. [40] 2014 TP53 DES 165 081 338
42 Chun et al. [42] 2019 TP53 oS 2.62 141 4.87
. TP53 (and CTNNBI1) OS 1.50 1.05 2.14
43 Tiong et al. [43] 2014 Wnt 5A 0s 193 117 3.9
. TP53 (double mutation with PIK3CA) (0N 2.02 1.04 391
4 Li et al. 4] 2018 TP53 0s 168 098 2.87
45 Morikawa et al. [46] 2012 TP53 Cancer-specific ) 35 1 ) 165
survival
oS 2.21 1.49 3.28
TP53
46 Kawaguchi et al. [47] 2019 RES 140 LI 1.78
SMAD-4 oS 1.82 1.17 2.83
RES 1.62 1.20 2.20
oS 1.34  1.07 1.63
47 Samowitz et al. [48] 2002 TP53 Cancer—§pec1ﬁc 110 091 134
survival
48 Soong et al. [49] 2000 TP53 oS 140 0.89 2.21
oS 232 134 4.03
49 Jurach et al. [50] 2006 TP53 Recurrence 264 119 583
50 Tacopetta et al. [45] 2006 TP53 (0N 252 1.28 493
51 Tacopetta et al. [52] 2006 TP53 oS 0.61 050 0.73
52 Wangefjord et al. [26] 2011 Cyclin D1 Cancer-specific 9 049 0.96
survival
53 Isaksson et al. [86] 2006 SMAD-4 (o 457 117 17.8
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TaBLE 2: Continued.

11

95% CI
No. Author Year Gene Outcome HR
Lower Upper

54 Tonescu et al. [93] 2014 SMAD-3 oS 1.09 0.30 3.99
. SMAD-4 (nuclear) (oM 1.70 096  3.00
25 Jia et al. [91] 2017 SMAD-4 (cytoplasm) 0s 139 076  2.56
56 Kim et al. [25] 2018 Wnt oS 1.25 0.87 1.78
57 Veloudis et al. [24] 2017 Wnt/B-catenin (O8] 38 124 119
58 Ting et al. [23] 2013 Wnt oS 457 1.73 12.1
Wnt DFS 1.50 0.80 2.8
59 Yoshida et al. [22] 2015 ﬂ—Catenin DFS 210 1.10 3.9
oS 1.90 1.00 3.4
60 Rafael et al. [21] 2014 Wnt oS 0.36 0.05 2.63
61 Bondi et al. [99] 2005 Cyclin D1 oS 0.57 033 098
62 Bahnassy et al. [100] 2004 Cyclin D1 (N 10.86 1.05 86.2
1 . oS 1.1 0.6 1.8
63 Saridaki et al. [101] 2010 Cyclin D1 RES 0.8 05 14
. . oS 0.74 0.57 0.98
64 Ogino et al. [102] 2009 Cyclin D1 CSS 057 039 084

The table represents 105 data points on genes where HR data were available. OS: overall survival, RES: relapse-free survival, CFS: cancer-free survival, DFS:
disease-free survival, PFS: progression-free survival, CRC risk: colorectal cancer risk.

Study name

Wang et al. (COH/UCD)
Wang et al. (MSKCC)
Mondaca et al.
Salim et al.
Gao et al.

Gao et al.

Jang et al.
Chung et al.
Chung et al.
Femebro et al.
Femebro et al.
Femebro et al.
Femebro et al.
Bondi et al.
Balzi et al.
Matsuoka et al.
Stanzak et al.
Toth et al.
Toth et al.
Khan et al.
[Combined]
Average

Study name

Horst et al.
Horst et al.
Morikava et al.
Morikava et al.
Balzi et al.

Togo et al.
Wangefjord et al.
Jang et al.
Kamposioras et al.
Mondaca et al.
Brandstedt et al.
Stanzak et al.
Toth et al.

Toth et al.

Khan et al.

[Combined]
Average

Log
HR

-0.051
0.513
0.166
0.683
0.124
-0.345
-0.901
0.020
0.779
-1.139
0.531
0.095
0.095
1.660
0.688
0.978
0.908
-0.543
0.841
-0.236

0.257

Log
HR

1.072

2010
-0.198
-0.223
0.231

0.663
-0.357
0.154
-1.109
0.489
-0.030
0.908
-0.543
0.814
-0.236

0.137

Standard

error

0.412
0.651
0.129
0.129
0.362
0.415
0.164
0.460
0.435
0.265
0.194
0.330
0.697
0.666
0.302

0.137

Standard 95% 95% Percent )
error Lower CI Upper Random Forest Plot of Log (Hazard Ratio)
CI Effects IR
weights "
Femebroetal, 4-1.14 ~————8——
0.507 -1.044 0.942 3.706 Jang et al. -0.90 —_—
0.340 -0.153 1.179 5.373 Tothetal. 1-054
0.314 -0.450 0.781 5.682 Gao etal. 4-0.35 e
0.342 0.012 1.354 5.344 Khan etal. 4-0.24 —
0.302 -0.467 0.715 5.829 Wang et al. (COH/UCD) +-0.05 e
0.383 -1.096 0.405 4.889 Chungetal. 4 0.02 —@—
0.377 -1.640 -0.163 4.955 Femebro etal. 4 0.10 —_—
0.149 -0.273 0.312 7.647 Femebro et al. | 0.10 i
0.265 0.259 1.300 6.275 Gaoetal. 4 0.12 e
0.493 -2.106 -0.172 3.818 Mondaca etal. 4 0.17 .
0.280 -0.019 1.080 6.092  Wangetal. (MSKCC) - 051 -
0.299 -0.490 0.681 5.865 Femebro etal. 4 053 S |
0.411 -0.709 0.900 4.596 Salim etal. 4 -
0.512 0.657 2.664 3.662 Balzi etal. o B =
0.500 -0.291 1.668 3.763 Chungetal. S 1
0.279 0.431 1.525 6.105 Toth et al. —_—
0.330 0.261 1.555 5.489 Stanzak et al. + =
0.697 -1.909 0.823 2.464 Matsuoka etal. 4 0.98 —
0.666 -0.492 2.119 2.626 Bondietal. 4 1.66 A [ e ——
0.302 -0.829 0.357 5.820 Combined + 0.26 ——
0.130 0.003 0511 3 ? ! 0 ! 2
(a)
95% 95% Percent
Lower CI Upper Random Forest Plot of Log (Hazard Ratio)
CI Effects
. HR
weights
Kamposioras et al. -+
0.265 1.879 5.658 oth etal -
0.733 3.286 3.199 i i
-0.451 0.054  10.512 Wangefjord etal. < -0.36 —_—
-0.477 0.031 10.500 Khanetal. 4 -0.24
-0.478 0.940 6.406 Morikava etal. < -0.22 @
-0.151 1.476 5.611 Morikava etal. o -0.20 @
-0.678 -0.035 9.936 Brandstedt etal. | -0.03 e
-0.746 1.055 5.027 Jangetal. 4 0.15 |
-1.961 -0.256 5342 Balzietal. 4 0.23
-0.031 1.008 8.082 | '
-0.410 0.349 9.408 Mondacaetal. 4 0.49 —d
0.261 1.555 6.926 Togoetal. 4 0.66 —_———
-1.909 0.823 2.894 Toth etal. 7£0.81
-0.492 2.119 3.096 Stanzak etal. 4 0.91 —_——
-0.829 0.357 7.402 Horstetal. 4 1.07 —_—
Horstetal. + 2.01
Combined 4 0.14 .
-0.131 0.406 ' . ; >
2 -1 0 1 2 3
(b)

FIGURE 2: Forest plot of -catenin gene and overall survival in CRC (a). Forest plot of -catenin gene and disease-free survival in CRC (b).
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Study name Log Standard  95% 95%  Percent
HR error Lower CI Upper Random
CI Effects Forest Plot of Log (Hazard Ratio)
weights
Mondaca et al. 1 -0.58 —
Wang et al. (COH/UCD) -0.478 0.171 -0.813 -0.143  14.980 |
Wang et al. (COH/UCD) 4 -0.48 ——
Wang et al. (MSKCC) -0.462 0.128 -0.713 -0.211 15.985 |
Wang et al. (MSKCC) 1 -0.46 ——
Mondaca et al. -0.580 0.148 -0.870 -0.290 15.542
Gerami et al. 1176 0503 0190 2161  7.139 Khanetal. 1012 "
Khan et al. -0.117  0.063 -0.239  0.006  17.108 Jorissenetal(MSD -0l
Jorissen et al. (MSI) -0.105 0.611 -1.303 1.092 5.567 Jorissen etal. (MSS) 4 0.70 Caa o
Jorissen et al. (MSS) 0.698  0.274 0.160 1236 12.215  (yuidation 12;‘3?&‘;;‘)‘ 111 ——
Jorissen et al. (Validation cohort, MSS) 1.105 0.303 0.512 1.698 11.464 Geramietal. { 1.18 —_———
Combined 4 0.00 e
[Combined] |
Average 0.035 0.175 -0.308 0.377 2 -1 0 1 2 3
Log (Hazard Ratio)
(a)
Study name Log  Standard  95% 95%  Percent Forest Plot of Log (Hazard Ratio)
HR error  Lower CI Upper Random e
CI Effects
welghts Mondacaetal. 4 -0.39 L J
Jorissen et al. (Validation cohort, MSS) 0.761  0.341 0.093 1.428 26.867 Jorissen et al. (MSI)4 0.23 - -
Jorissen et al. (MSS) 0997 0340 0330 1664 26870  porsenatal | o .
Jorissen et al. (MSI) 0231 0831 21398 1.860 15.057  ldationcohort MS9)
Mondaca et al. -0.386  0.119 -0.618  -0.153 31.206 Jorissen etal. (MSS) 1 1.00
Combined 4 0.39 -
[Combined]
Average 0.387 0.444 -0.483 1.256 z . = ; :
(b)

FIGURE 3: Forest plot of APC gene and overall survival in CRC (a). Forest plot of APC gene and disease-free survival in CRC (b).

France, Hungary, Iran, Poland, Romania, Scotland, Spain,
and Switzerland. Two studies were multicentric [45, 52]. The
number of patients ranged from 39 [93] to 3,583 [45].
Patients were diagnosed with CRC (n=59), rectal cancer
(n=7), and colon cancer (n=12). The data presented in
these studies were on the Wnt gene (n=6), S-catenin or
CTNNBI (n=28), Tp53 or p53 (n=33), APC(n=11), SMAD
(19), and Cyclin-D1 (n = 8), with some studies including data
on multiple genes (Figure 1). The extraction procedure in all
studies was carried out using IHC on tissue samples. The
tumors were most commonly graded according to TNM or
Dukes’ classification, which is 14.9% [71] to 69.4% [59] of the
right-sided tumors.

3.3. Quality of Eligible Studies. The Newcastle-Ottawa Scale
(NOS) was used to examine the methodological quality of
the included studies. As previously described, a score of 9
implied the highest quality, while a score of >5 was con-
sidered to be high quality. Seventy-two studies included in
our meta-analysis were of high quality, i.e., they had scores
of 5 or more after quality assessment.

3.4. Prognostic Value of Gene Expression and Mutations in
Colorectal Cancer. Sixty-five studies, with 105 data points on
genes where HR data was available, were included in the
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meta-analysis. These are shown in Table 2. Twenty-eight
enrolled studies provided the HRs, and 95% CI directly or
indirectly reported the correlation between S-catenin over-
expression and OS. The pooled HR of f-catenin over-
expression in the nucleus, cytoplasm, or membranous with
OS was 0.257 (95% CI: 0.003-0.511; Q=53.978; P = 0.000)
(Figure 2(a)), however, heterogeneity existed. The association
of B-catenin overexpression with shorter DFS was analyzed.
The pooled HR was 0.137 (95% CI: 0.131-0.406; Q =48.832;
P =0.000) (Figure 2(b)). The above results suggested that
B-catenin overexpression in the nucleus, membrane, or cy-
toplasm was associated with lower OS and DEFS.

For the APC gene, the pooled HR for OS based on 8
studies was 0.035 (95% CI: 0.308-0.377; Q=51.76;
P =0.000) (Figure 3(a)). This value suggested the association
of the mutant variant with a lower OS compared with the
wild type but not for DFS, where pooled HR = 0.387 (95% CI:
0.483-1.256; Q=22.624; P = 0.000) (Figure 3(b)). For the
SMAD3/4 genes, 13 studies were included. The pooled HR
was 0.688 (95% CI: 0.403-0.974; Q=47.689; P = 0.000)
(Figure 4(a)). Their pooled HR for DFS was 0.449 (95% CI:
0.146-0.753; Q=32.012; P =0.000) (Figure 4(b)). These
results implied a worse prognosis of CRC in the event of the
loss of expression of SMAD-3 or SMAD-4.

Studies reporting the mutations of the Tp53 gene (n = 24)
had a pooled HR of 0.319 (95% CI: 0.133-0.504; Q = 201.339;
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FIGURE 4: Forest plot of SMAD3/4 gene and overall survival in CRC (a). Forest plot of SMAD3/4 gene and disease-free survival in CRC (b).

P =0.000) (Figure 5(a)) for OS and 0.179 (95% CI:
0.126-0.485; Q= 143.796; P = 0.000) (Figure 5(b)) for DFS
(n=14). The results were widely heterogenous but implied
significantly poor prognosis overall, as well as DFS, in CRC
cases. Five studies showed a pooled HR of 0.671 (95% CI:
0.116-1.458; Q=10.746; P = 0.030) (Figure 6) for the Wnt
gene with OS, thereby showing no association of Wnt gene
expression/mutation with survival in CRC. Since only one
study [14] reported the hazard ratio for DFS, meta-analysis
was not performed for the Wnt gene with shorter DFS. Five
studies on Cyclin D1 were included in the meta-analysis. The
pooled HR for OS was 0.362 (95% CI: 0.944-0.221; Q = 5.421;
P =0.253) (Figure 7(a)) and that for DFS was 0.485 (95% CI:
0.772-0.198; Q =5.810; P = 0.214) (Figure 7(b)). High Cyclin
D1, therefore, produced a worse prognosis in CRC, both in
terms of OS and DFS.

3.5. Publication Bias. We assessed the publication bias for
APC, SMAD, f-catenin, and Tp53 gene studies by con-
structing funnel plots (Figure 8(a)-8(f)) as more than ten
studies were included in the meta-analysis. Egger’s test
indicated that publication bias existed for the evaluation of
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the impact of S-catenin, APC, and Tp53 with OS, however,
Begg’s test showed no significant publication bias (3-catenin
and OS: 1>=65.83%, tau (1) =0.047 (P = 0.76), B-catenin
and DFS: I’=71.33%, t=0.21 (P =0.25), TP53 and OS:
I” =88.82%, T=0.153 (P = 0.28), TP53 and DFS: I’ = 89.12%,
7=025 (P=0.13), APC and OS: I*=86.48%; 7=0.28
(P=0.32), SMAD and OS: I’=8317%, and 7=0.23
(P =0.27)). It is notable that with Egger’s test, there is in-
sufficient power of testing when the number of selected
studies is below 20. It was, therefore, not attempted for the
remaining genes.

4, Discussion

Colorectal carcinogenesis is a complex multistage process
that involves multiple genetic variations. The aberrant ac-
tivation of the Wnt/f-catenin pathway has been identified as
being involved in the progression of CRC [104] and early
colorectal tumorigenesis [103]. In several studies, the
p-catenin accumulation in the nucleus or cytoplasm was
identified as a marker for poor prognosis. The variations of
the APC or CTNNBI genes are the main causes of the
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FIGURE 5: Forest plot of TP53 gene and overall survival in CRC (a). Forest plot of TP53 gene and disease-free survival in CRC (b).

accumulation of nuclear p-catenin [105]. In contrast,
B-catenin expression in the nucleus was associated with
noninvasive tumors and more favorable outcomes [106] but
remains controversial.

The current meta-analysis has explored the cumulative
prognostic significance of the different subcellular locali-
zations of B-catenin expression among CRC subjects. The
results indicated that the nuclear expression or decreased
expression of -catenin in the membrane was associated with
lower OS, which is consistent with the published articles.
Pooled data from a study [107] found that the reduced
expression of B-catenin in the membrane to be significantly
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associated with poor survival among CRC patients, thus the
majority of the selected studies are from nuclear S-catenin
overexpression.

Wnt2 is an oncogene with the potential to activate ca-
nonical Wnt signaling during CRC tumorigenesis [21, 22].
The role of Wnt5 in the progression of CRC is quite complex
and appears to be inconsistent in findings. Several studies
[21-25] proved that Wnt5a was silenced in most CRC cell-
lines because of recurrent methylation in the promoter
region. Wnt5a acts as a tumor suppressor by interfering with
the canonical B-catenin signaling. However, it activates the
noncanonical signaling pathways [100]. In this study, there
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FiGURE 7: Forest plot of Cyclin D1 gene and overall survival in CRC (a). Forest plot of cyclin DI gene and disease-free survival in CRC (b).

was no significant association of Wnt (2 and 5) to OS or DFS
found among CRC patients, and it is well in accordance with
the contradictory studies reported [23-25].

In our meta-analysis pertaining to SMAD genes, we
found that the loss of SMAD 3 or SMAD4 staining was
strongly associated with a worse prognosis for OS and DFS
(including CSS/RES). Several other individual reports are in
alignment with our findings [87, 92, 93]. These studies re-
ported SMAD-4 to have a stronger association compared
with SMAD-3 or other SMAD genes.

Most studies have shown the predictive value of Tp53 for
overall survival in CRC to be poor. Dong et al. [108] reported
53% of Tp53 gene variation as the susceptibility for the
development of CRC. Another study reported that, in mouse
models, a high rate of spontaneous tumors was noted be-
cause of p53-deficiency [109]. Moreover, the deletion of p53
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and the Tp53 gene variation led to tumor progression and
tumor cell death.

A meta-analysis of Asian patients indicates that an as-
sociation between Tp53 Arg72Pro polymorphism CC ge-
notype might contribute to an increased risk of CRC [110].
The current meta-analysis included diverse populations, and
the results pertaining to the association of Tp53 with shorter
overall and DFS in CRCs may, therefore, be considered more
generalizable.

In an independent study of 331 patients, the prognostic
value of APC was evaluated, and the findings were validated
on a public database of stage IV colon cancer from Memorial
Sloan Kettering Cancer Center (MSKCC) [75]. The study
found that APC-WT was present in 26% of metastatic CRC
patients, and it was more prevalent in patients of younger
age and those with right-sided tumors. APC-WT tumors
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have been shown to be associated with other Wnt-activating
alterations, including CTNNBI, FBXW?7, RNF43, ARIDIA,
and SOX9. APC-WT patients in a study were found to have
a worse overall survival (OS) than APC-MT pts (HR = 1.809,
95% CI: 1.260-2.596) [75]. Overall, in most studies, APC-
WT is associated with poor OS. Additionally, APC-WT
tumors were associated with other activating alterations of
the Wnt pathway, including RNF43 and CTNNBI.

Cyclin D1 overexpression has been reported to occur in
40-70% of colorectal tumors [111]. Despite the well-
established role of Cyclin DI in cell cycle progression,
previous data on Cyclin DI and clinical outcomes in CRC
have been conflicting. Cyclin DI overexpression has also
been significantly related to poor OS in Asian and non-Asian
CRC patients [112]. Two mechanisms have been implicated,
namely nuclear expression and cytoplasmic expression,
wherein most studies found an association of the nuclear
expression of Cyclin D1 with OS and DFS. Moreover, Cyclin
D1 also has been shown as a poor prognosis marker when
co-expressed with other genes, notably p53 [113]. These
results are consistent with the present meta-analysis’s
findings that shortened overall survival and DFS are asso-
ciated with Cyclin D1 among CRC patients.

We acknowledge that this study has several limitations.
Firstly, the element of bias cannot be ruled out because of the
inclusion of retrospective studies. Secondly, all of the se-
lected  studies measured gene  expression by
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immunohistochemistry and sequencing methods. More-
over, the cut-offs used in various studies differed between
and across the genes studied. However, there was no sub-
group analysis performed to investigate the potential effect
of the technique on the combined results. Thirdly, some
heterogeneity has been found because of location and the
types of cancer. To eliminate variations across studies,
a random-effects model was performed accordingly. Limited
databases were used for article search, and only freely
available full-text articles in the English language were used,
which might affect the persuasive power of the pooled es-
timate, although to a limited extent. In addition, publication
bias existed because only studies generating positive results
or significant outcomes were suitable for publication. Future
research might helpfully contribute further relevant analyses
and well-designed extensive prospective studies, since they
will address the limitations of the current meta-analysis.

5. Conclusion

The present meta-analysis has found that the genes asso-
ciated with worst OS in CRC were f3-catenin (cytoplasmic,
membranous, and nuclear overexpression), APC (mutant
type), Tp53 (mutated), SMAD-3 and SMAD-4 (loss of ex-
pression), and Cyclin D1 (high). The gene associated with
shorter DFS in CRC patients was APC (mutant type). In


https://doi.org/10.1155/2022/5338956

Genetics Research

contrast, Wnt (2 and 5) genes were not associated with
prognosis in CRC in this meta-analysis.
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