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Abstract

Background: Transforming growth factor-beta (TGF-β) is associated with a higher incidence of distant metastasis and
decreased survival. Whether TGF-β can be used as a prognostic indicator of colorectal cancer (CRC) remains controversial.

Methods: The Medline, EMBASE and Cochrane databases were searched from their inception to March 2016. The studies
that focused on TGF-β as a prognostic factor in patients with CRC were included in this analysis. Overall survival (OS) and
disease-free survival (DFS) were analysed separately. A meta-analysis was performed, and hazard ratios (HR) with 95%
confidence intervals (CI) were calculated.

Results: Twelve studies were included in the analysis, of which 8 were used for OS and 7 for DFS. In all, 1622 patients
with CRC undergoing surgery were included. Combined HRs suggested that high expression of TGF-β had a favourable
impact on OS (HR = 1.68, 95% CI: 1.10–2.59) and DFS (HR = 1.11, 95% CI: 1.03–1.19) in CRC patients. For OS, the combined
HRs of Asian studies and Western studies were 1.50 (95% CI: 0.61–3.68) and 1.80 (95% CI: 1.33–2.45), respectively. For DFS,
the combined HRs of Asian studies and Western studies were 1.42 (95% CI: 0.61–3.31) and 1.11 (95% CI: 1.03–1.20),
respectively.

Conclusions: This meta-analysis demonstrates that TGF-β can be used as a prognostic biomarker for CRC patients
undergoing surgery, especially for CRC patients from Western countries.

Keywords: Colorectal cancer, Transforming growth factor-beta, TGF-β, Prognosis, Meta-analysis

Background
Colorectal cancer (CRC) is one of the most common
malignancies worldwide. In terms of frequency, colo-
rectal cancer ranked third in North America and
Europe and fifth in Asia among malignant diseases [1, 2].
More than 1.2 million patients are diagnosed with CRC
every year, and of these, more than 600,000 die [3]. The
5-year survival rate for patients with metastatic CRC is
10-15%, whereas for patients with non-metastatic CRC, the
rate is 40-90% [4]. Recent advances in genetic and

molecular characterisation of CRC have yielded a set of
prognostic and predictive biomarkers that aid in the identi-
fication of patients at a higher risk for disease recurrence
and progression [5]. Some investigators have reported that
drugs that target signalling pathways involved in tumouri-
genesis; for example, cetuximab for wild-type K-ras CRC
[6], and bevacizumab for CRC [7], improve survival of pa-
tients with CRC over chemotherapy alone [6–8].
The transforming growth factor-β (TGF-β) family

includes TGF-β1, TGF-β2 and TGF-β3, which are
expressed during tumour progression [9]. TGF-β has
been shown to be a critical regulator and is considered a
tumour suppressor because it inhibits cell cycle progres-
sion and stimulates apoptosis in the early stages of can-
cer progression [10, 11]. However, TGF-β may transform
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from an inhibitor of tumour cell growth to a stimulator
of growth and invasion in advanced stages of CRC [12–
14]. TGF-β can modulate cancer-related processes, such
as cell invasion, distant metastasis, and modification of
the microenvironment in advanced stages of CRC.
Many studies have been performed to assess the prog-

nostic value of TGF-β in patients with CRC, but the
conclusions of these studies have been inconsistent.
Some studies demonstrated that high expression of
TGF-β was associated with worse survival of patients
with CRC [15, 16] whereas some studies failed to show
any statistically significant association between high
expression of TGF-β and survival in patients with CRC
[10, 17]. Thus, it is unclear whether high expression of
TGF-β is associated with worse survival in CRC patients.
To our knowledge, no meta-analysis has been performed
to assess the prognostic effects of TGF-β. Therefore, our
goal was to combine all the results from published
studies, after which we systematically evaluated the
essential roles of TGF-β in colorectal cancer.

Methods
Search strategy
The meta-analysis was conducted in accordance with
the PRISMA statement [18]; the PRISMA 2009 Checklist
is shown in additional files (Additional file 1). Two
reviewers independently conducted a systematic litera-
ture search of the following databases from the database
inceptions to March 8th, 2016: PubMed, EMBASE, and
the Cochrane Central Register of Controlled Trials. The
search included the following terms:

1. “colorectal” OR “large intestine” OR “large bowel”
OR “colon” OR “colonic” OR “rectal” OR “rectum”

2. “cancer” OR “carcinoma” OR “tumor” OR “tumour”
OR “neoplasm” OR “cancers”

3. “TGF-β” OR “TGF-β1” OR “transforming growth
factor”

4. “prognosis” OR “prognoses” OR “prognostic” OR
“predictive” OR “biomarker” OR “marker” OR
“survival” OR “survive” OR “Cox” OR “Log-rank” OR
“Kaplan-Meier”

The search was not limited by language. The spe-
cific search strategy is shown in the additional files
(Additional file 2).
The systematic reviews and meta-analyses on TGF-β

and CRC were manually reviewed for potentially
relevant studies. Relevant studies were also retrieved
using Google scholar with the following search terms:
“colorectal cancer, colon cancer, or rectal cancer”, “TGF-
β, TGF-β1 or transforming growth factor” and “prog-
noses, predictive or survive”.

Inclusion criteria
The inclusion and exclusion criteria included the follow-
ing four aspects. (1) Patients diagnosed with CRC
(including colon cancer and rectal cancer) were eligible
for inclusion. Patients with different clinical stages,
histological types, or treatment methods were all
included but patients with other diseases were excluded.
(2) The expression of TGF-β (protein, mRNA) was
measured by polymerase chain reaction (PCR), immuno-
histochemistry (IHC) or enzyme-linked immunosorbent
assay (ELISA) in primary CRC (including colon cancer,
or rectal cancer) tissues. (3) The association between
TGF-β and patient prognosis (i.e., overall survival [OS],
disease-free survival [DFS], and/or relapse-free survival
[RFS]) was investigated; the hazard ratio (HR), 95%
confidence interval (CI), or the relevant information was
provided. (4) A full paper was published in English. The
eligible studies included cross-sectional studies, cohort
studies, and even randomised controlled trials. When
the same author reported multiple studies from the same
patient population, the most recent study or the most
complete study was included. The studies published in
abstract form were considered only if sufficient outcome
data could be retrieved from the abstract or from
communication with the authors.

Study selection
Duplicate studies from different databases were identi-
fied, and the remaining abstracts were read for eligibility
by two independent authors (ZQC and SLZ); the studies
with inconsistent results were reviewed by the third
author (XLC). The full texts of potentially eligible
studies were retrieved and reviewed independently by
two authors (ZQC and SLZ). Any disagreements were
recorded and resolved by consensus under the guidance
of the third author (XLC).

Data collection
The eligible studies were reviewed, and the data were
extracted independently by two authors (ZQC and SLZ).
The study information (the first author, the year of
publication), study participants (the histological type of
CRC, gender, mean age, and sample sizes), the character-
istics of treatment (surgery, chemotherapy, radiother-
apy), the characteristics of TGF-β (gene subtypes, test
samples, test content, test methods), and prognostic
outcomes of interest (OS and/or DFS) were extracted.
If data from any of the above categories were not re-
ported in the study, the item was recorded as “NR
(not reported)”.

Data analysis
Overall survival and disease-free survival were analysed
separately for the eligible studies. The TGF-β value was
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classified as either “high expression” (overexpression) or
“low expression”. For the quantitative aggregation of the
survival times, the impact of TGF-β overexpression on
survival times was measured. HRs and associated 95% CI
were combined as effective values. If the HRs and 95% CI
were given explicitly in the studies, we used the crude
values. If these data were not given explicitly, they were
calculated from the available numerical data or from the
survival curve using the methods reported by Tierney. [19].
Heterogeneity of the individual HRs was calculated

using Chi-square tests. A heterogeneity test with incon-
sistency index (I2) statistic and Q statistic was per-
formed. If the HRs were found to be homogenous, a
fixed-effect model was used for analysis; if not, a random
effect model was used. Subgroup analyses were per-
formed for different countries (Asia, the West [Europe
and America]) and analytical methods (univariate
analysis, multivariate analysis). A P value ≤0.05 was
considered statistically significant. An observed HR > 1
implied a worse prognosis in terms of high expression of
TGF-β compared with low expression of TGF-β. The
publication bias was evaluated using the methods of

Begg [20]. All the calculations were performed using
STATA version 12.0.

Results
Study characteristics
A total of 916 studies met the inclusion criteria (Fig. 1).
In all, 181 studies were excluded as duplicates. The titles
and abstracts of 735 studies were reviewed by two
reviewers, and 698 studies that did not meet the inclu-
sion criteria were excluded. The full texts of the
remaining 37 studies were retrieved for review, and 24
studies were excluded after secondary screening. Eventu-
ally, 13 studies were included [10, 13, 15–17, 21–28].
The study conducted by Langenskiöld [23] was not
included for analysis for the following reasons: (1) it had
a great impact on the combined HR and accounted for
99% of the weight due to its small standard error of HR
(0.005); (2) the study analysed colon cancer and rectal
cancer separately; and (3) it is very difficult to get the
small standard error in such a sample size (136). There-
fore, 12 studies were eligible for this meta-analysis.

Fig. 1 Flow chart of the search strategy
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The major characteristics of the included studies are
shown in Table 1 and Table 2. Nine studies were con-
ducted in European countries (UK, Germany, Italy,
Sweden, Poland, Greece and Bulgaria) and in the United
States (US), and four were conducted in Asian countries
(China, Japan and Korea) [21, 22, 25, 26]. All the eligible
studies were published between 1995 and 2015. The
sample size of the included studies ranged from 34 to
206 patients (median: 124 patients). In all, 1622 CRC pa-
tients were included. All patients included in the eligible
studies underwent surgical resection. Only one study in-
vestigated rectal cancer [22], and two investigated colon
cancer [25, 27], whereas other studies investigated colo-
rectal cancer. One study included stage III patients [22],
and one study included stage I-III patients [23]. Other
studies included patients with all stages of CRC.
Eight studies reported the prognostic value of TGF-β

with respect to OS in CRC patients (Table 2). Of the 8
studies, 6 directly reported the HRs, while the other 3
studies provided survival curves. Three studies identified
high expression of TGF-β as an indicator of poor prognosis
in terms of OS [13, 16, 21], whereas others showed no
significant difference. Seven studies reported the prognostic
value of TGF-β for DFS in CRC patients (Table 2). Of these
7 studies, 5 directly reported the HRs, while the other 2
studies provided survival curves. Two out of the 7 studies
identified high expression of TGF-β as an indicator of poor
prognosis in terms of DFS [22, 27], whereas others showed
no significant difference.

Meta-analysis of OS
Eight studies that focused on the relationship of TGF-β
expression to overall survival of CRC patients undergo-
ing surgery were included in the meta-analysis [10, 13,
15, 16, 21, 24–26]. The combined HR value of the 8
studies that evaluated the high expression of TGF-β with
respect to OS was 1.68 (95% CI: 1.10–2.59, Table 3, Fig. 2),
which indicates that high expression of TGF-β was associ-
ated with a poor OS of patients with CRC. When the
subgroups were analysed based on country, the combined
HRs of the Asian studies and the Western studies were
1.50 (95% CI: 0.61–3.68) and 1.80 (95% CI: 1.33–2.45),
respectively (Fig. 3). Subgroup analyses were performed
according to the analytical method of the individual studies.
The combined HR of the studies based on multivariate
analysis was 2.37 (95% CI: 1.60–3.49; Fig. 3). However, the
relationship between TGF-β overexpression and OS was
not statistically significant (HR = 1.13, 95% CI: 0.85–1.51;
Fig. 3) according to the univariate analysis.

Meta-analysis of DFS
Seven studies on TGF-β and DFS in CRC patients
undergoing surgery were included in the meta-analysis
[16, 17, 22, 25–28]. The combined HR of the 7 studies

that evaluated the relationship of the high expression
of TGF-β to DFS was 1.11 (95% CI: 1.03–1.19, Table 3,
Fig. 4), which suggests that high expression of TGF-β is a
significant prognostic factor for CRC patients.
When the subgroups were analysed based on country,

the combined HRs of the Asian and Western studies
were 1.42 (95% CI: 0.61–3.31) and 1.11 (95% CI:
1.03–1.20), respectively (Fig. 5). The combined HR of
the studies based on multivariate analysis was 1.12 (95%
CI: 1.04–1.21; Fig. 5). However, statistical significance
was not observed with respect to the association of
TGF-β overexpression and DFS (HR = 0.86, 95% CI:
0.60–1.24; Fig. 5) according to the univariate analysis.
The Begg’s funnel plot and Egger’s test were performed

to evaluate the publication bias of the included studies
(Fig. 6). Eight studies that investigated the effect of high
expression of TGF-β on OS yielded a slope of −0.51
(95% CI: -1.96–0.94) with no significant difference
(P = 0.423). Seven studies that investigated the effect of
high expression of TGF-β on DFS yielded a slope of 0.08
(95% CI: -0.07–0.23) with no significant difference
(P = 0.231). These results indicate the absence of publi-
cation bias in the included studies.

Discussion
High expression of TGF-β in primary CRC is associated
with advanced stages of the disease, a greater likelihood
of recurrence and decreased survival [15, 28]. TGF-β
stimulates proliferation and invasion in advanced stages
of CRC and leads to distant metastasis [29]. Many
studies have been conducted to assess the prognostic value
of TGF-β in patients with CRC, but the conclusions have
been inconclusive.
Our analysis showed that high expression of TGF-β

was a prognostic indicator in CRC patients undergoing
surgery. With respect to OS, the mortality rate of
patients with a high expression of TGF-β was 1.68 times
that of patients with a low expression. With respect to
DFS, the mortality rate of patients with a high expres-
sion of TGF-β was 1.11 times that of patients with a low
expression. Our results were consistent with those of
studies of other cancers. The results of the meta-analysis
conducted by Yang demonstrated that the high expres-
sion of TGF-β was strongly associated with the 3-year
survival rate in patients with glioma [30]. Similar results
were also found in patients with gastric cancer [31],
hepatocellular carcinoma [32], renal cancer [33], breast
cancer [34], and oesophageal cancer [35].
Determination of TGF-β expression independently

provided valuable prognostic information in relation to
two targeting pathways in patients with CRC. (1) One
piece of information was related to the following
signalling pathway molecules: matrix metalloproteinase-2
(MMP-2), cyclooxygenase-2 (COX-2), vascular endothelial
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growth factor (VEGF) and TGF-β. TGF-β acted as a
tumour promoter in advanced stages of CRC, which poten-
tially led to increased expression of MMP-2 and COX-2
[36, 37]. Coordinated, increased expression of COX-2,
TGF-β and VEGF have been associated with increased
angiogenesis, which in turn has been described to be a

prerequisite for tumour growth [24, 38]. The meta-analysis
showed that high expression levels of MMP-2, COX-2 and
VEGF were associated with decreased survival time for
CRC patients [39–41]. (2) Another piece of information
involved the Smad4 and VEGF-C signalling pathway. Upon
stimulation by TGF-β1, Smad2/Smad3 is phosphorylated
by activated TGF-β receptors and forms a complex with
Smad4. Smad4 translocates into the nucleus, where it
affects transcription of the VEGF-C gene [25]. The meta-
analysis demonstrated that high expression of VEGF-C was
associated with decreased OS of patients with CRC [42].
TGF-β had a stronger association with OS and DFS in

CRC patients undergoing surgery in Western countries
than in Asian countries. The results suggested that CRC
patients in Western countries who have overexpression
of TGF-β are at a higher risk of death than those in
Asian countries. With respect to DFS, the HRs among
Asian countries were significantly different, whereas
those among Western countries were not. This discrep-
ancy may be related to heterogeneity and different
disease characteristics in the Asian studies. (1) Hetero-
geneity was present among the Asian studies for DFS,
and the P values were less than 0.05. For example, the
HR of the study by Chun was 9.19 [22], but the HR for
the study by Li was 0.81 [25]. (2) Different disease
characteristics were also observed in the Asian studies.
Two Asian studies involved CRC [21, 26], one involved
rectal cancer [22], and one involved colon cancer [25].
One study enrolled CRC patients with stage III disease
(AJCC) only [22]. Three other studies enrolled CRC
patients with all stages of the disease [21, 25, 26]. When
using disease (colorectal, rectal, and colon) as a grouping
factor, the effects of TGF-β on prognosis were inconsist-
ent. The HR of TGF-β in colorectal cancer was much
higher than that of colon cancer.

Table 3 Results of the meta-analysis

Number of
studies

Number of
patients

HR
(95% CI)

Heterogeneity
(I2, χ2, P)

Overall survival

All 8 1119 1.68
(1.10–2.59)a

67.0%, 21.21,
0.003

Univariate
analysis

4 479 1.13
(0.85–1.51)

54.1%, 6.54,
0.088

Multivariate
analysis

4 640 2.37
(1.60–3.49)

47.3%, 5.69,
0.128

Country

Asian 3 468 1.50
(0.61–3.68)a

80.4%, 10.21,
0.006

Western 5 651 1.80
(1.33–2.45)

43.2%, 7.04,
0.134

Disease-free survival

All 7 859 1.11
(1.03–1.19)

33.0%, 8.96,
0.176

Univariate
analysis

4 377 0.86
(0.60–1.24)

0.0%, 2.18,
0.536

Multivariate
analysis

3 482 1.12
(1.04–1.21)

59.4%, 4.92,
0.085

Country

Asian 3 554 1.42
(0.61–3.31)a

71.6%, 7.04,
0.030

Western 4 305 1.11
(1.03–1.20)

0.0%, 1.56,
0.667

aThe result was based on the random effect model

Fig. 2 Forest plot evaluating the combined HR between TGF-β and OS for all included studies
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Subgroup analysis was also performed based on the
analytical method (univariate analysis, multivariate
analysis). The HR of TGF-β in the multivariate analysis
(2.37 for OS, 1.12 for DFS) was higher than that in the
univariate analysis (1.13 for OS, 0.86 for DFS). If the
variable was not significantly different in the univariate
analysis, the variable was not entered into the Cox

proportional hazards model (multivariate analysis). To
understand the independent effect of TGF-β expression
on prognosis of patients with CRC, multivariate analysis
should be used to control the effects of other possible
risk factors (e.g., gender, tumour grade, TNM staging
system). The effect of the high expression of TGF-β on
prognosis based on the univariate analysis was con-
founded because prognosis was affected by other factors.
Several limitations should be considered. (1) The

method of therapy greatly affected the survival time of
CRC patients. Although the use of chemotherapy or
radiotherapy differed substantially among the included
studies, all the included CRC patients were treated with
surgery. Thus, the confounding effects of different thera-
peutic modalities would not be substantial. (2) The
second limitation was the heterogeneity of the eligible
studies. The results of subgroup analyses suggested that
heterogeneity may have been partly due to the following
variables: diversity of the disease and the countries
where the studies were conducted. Other variables, such
as follow-up time and the non-standardised methodolo-
gies for the assessment of TGF-β, among others, may be
related to the heterogeneity. However, these subgroup

Fig. 3 Forest plot of subgroup analysis on TGF-β and OS. a Asian countries; b Western countries; c univariate analysis; d multivariate analysis

Fig. 4 Forest plot evaluating the combined HR between TGF-β and
DFS for all included studies
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analyses were not conducted. (3) The study conducted
by Langenskiöld was excluded due to its great impact on
the combined HR [23]. If the study was included in the
analysis, it would have accounted for 99% of the weight
due to its small standard error for HR (0.005). (4) TGF-
β1 was not assessed in all the included studies. Two

studies reported that they included the TGF-β gene, but
it was unclear whether the gene was TGF-β1 [13, 24].

Conclusions
This meta-analysis provides evidence that high expres-
sion of TGF-β is significantly associated with worse OS

Fig. 5 Forest plot of subgroup analysis on TGF-β and DFS. a Asian countries; b Western countries; c univariate analysis; d multivariate analysis)

Fig. 6 Funnel plot for the included studies. a OS; b DFS
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and DFS in CRC patients who undergo surgery. TGF-β
could be used as a prognostic biomarker in colorectal
cancer. Subgroup analysis indicates that high expression
of TGF-β is associated with cancer progression in CRC
patients from Western countries. However, high expres-
sion of TGF-β was not associated with cancer progres-
sion in Asian patients with CRC due to the high
heterogeneity of the included studies. These results can
guide postoperative treatment of CRC patients, espe-
cially the application of chemotherapy in CRC patients
from Western countries.
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