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ABSTRACT

Transforming growth factor beta (TGF-B) promotes the pathogenesis of
hepatocellular carcinoma (HCC). We evaluated the associations between TGF-81
expression and clinicopathological parameters in HCC patients from The Cancer Genome
Atlas (TCGA), as well as the prognostic power of TGF-B1 expression. Eligible studies were
retrieved from several databases, and effects (hazard ratios (HRs) with 95% confidence
intervals (CIs)) for overall survival (OS), disease-free survival (DFS), recurrence-free
survival (RFS), metastasis-free survival (MFS), and progression-free survival (PFS) were
pooled to assess the prognostic ability of TGF-B1 expression in HCC patients. Twelve
qualified articles and our TCGA data comprising 2,021 HCC patients were incorporated.
In the TCGA analysis, HCC patients with higher TGF-B1 expression presented a shorter
OS than those with lower TGF-B1 expression (HR = 1.42, p < 0.05). In the meta-analysis,
univariate analyses showed that HCC patients with higher TGF-B1 expression had a
shorter OS (pooling HR = 1.71, p < 0.01) and DFS/RFS/MFS/PFS (pooling HR = 1.60,
p < 0.01) than those with lower TGF-B1 expression. In conclusion, our results suggested
that high TGF-B1 expression promotes a poor prognosis in HCC patients.

INTRODUCTION

Hepatocellular carcinoma (HCC) is a common
neoplasm of the estimated 782,000 new cancer cases
worldwide (50% in China alone), as well as the third leading
cause of death from cancer worldwide with nearly 745,000
deaths in 2012 [1, 2]. Despite the growing prevalence in liver
cancer, there is a lack of therapies. Besides physical methods
(such as radiation, transplant, and operation), there exists
just one authorized treatment, which had been followed by

a series of costly defeats and controversial candidate drugs
[3]. Meanwhile, liver cancer is fatal in both developed and
developing countries, with the 5-year overall survival rate
generally lower than 20 % [4], and the ratio of mortality
to morbidity is 0.95 [1]. HCC is a devastating disease with
disappointing outcomes, so it is a very important and urgent
task to discover survival outcome predictors, and to furnish
potential targets for personalized therapy.

Since its discovery in the early 1980s, transforming
growth factor beta (TGF-B) signaling has been increasingly
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recognized as a cancer promoter [5, 6]. TGF-f orchestrates
a favorable microenvironment for cancer cell growth and
progression of the epithelial - mesenchymal transition
(EMT) [6] and promotes fibrogenesis [7, 8], suggesting
TGF-p stimulates HCC pathogenesis and metastasis.
TGF-B signaling inhibitors could hinder HCC cell growth
and progression by inhibiting the EMT process in distinct
experiment models, leading to the clinical investigation
of the TGF-f inhibitor LY2157299 (phase II clinical trial,
Identifier: NCT01246986, http://clinicaltrials.gov) [6, 9].
However, whether TGF-B1 expression has the potential
to predict HCC prognosis is inconsistent. For example,
some articles reported that HCC patients with high TGF-p1
expression showed shorter OS and DFS/PFS [10-12], while
some other studies revealed negative findings on OS [13,
14]. There is a need to implement meta-analysis and larger
sample evaluation, aiming to systematically elaborate on the
prognostic power of TGF-f1 expression in HCC patients.
In the current study, we extracted a dataset on HCC
from The Cancer Genome Atlas (TCGA), analyzed the
associations of TGF-B1 expression with clinicopathological
parameters, and evaluated the prognostic power of TGF-$1
expression in HCC patients. In combination with our TCGA
analysis, we pooled the prognostic ability of TGF-B1
expression in HCC according to 12 available articles.

RESULTS

HCC patient characteristics from TCGA database

One TCGA dataset of liver hepatocellular carcinoma
(n=423) was analyzed in July 2016, which was composed
of 271 males and 136 females. Moreover, patient
characteristics including BMI (< 12.23, > 12.23), gender
(female, male), age (< 62, > 62), weight (< 35 kg, > 35 kg),
height (< 1.68 m, > 1.68 m), clinical stage (I, IL, III, IV),
etc. were grouped by median and shown in Supplementary
Table 1. BMI was grouped by the international obesity
standard (< 25, > 25). In addition, HCC patients were
stratified by median into two groups of TGF-B1 expression:
high and low. There were no clinicopathologic differences
between the two groups (p > 0.05; Supplementary Table 1).

High TGF-B1 expression predicted a poor
prognosis in HCC patients from TCGA

(0N

To further explore the association between TGF-B1
expression and HCC patients’ clinical outcome, the TCGA
liver hepatocellular carcinoma cohort was analyzed. HCC
patients with higher TGF-B1 expression had a shorter OS
in comparison with those with lower TGF-B1 expression
(Figure 1A; HR =1.417,95% CI=1.014-1.979, p = 0.0411).
In addition, subsequent univariate and multivariate COX
proportional hazards regression models were conducted
to determine the independence of the prognostic power

of TGF-B1 expression in HCC patients’ OS. In the COX
univariate regression models, higher TGF-1 expression
was correlated with shorter OS (HR = 1.412, 95% CI =
1.011-1.973, p = 0.043) in HCC patients. Also, advanced
clinical stage (HR = 1.842, 95% CI =1.265-2.681, p =0.001)
was correlated with shorter OS in HCC patients (Table 1).
Multivariate COX regression analysis revealed that a shorter
OS trend was seen in HCC patients with higher TGF-$1
expression than those with lower TGF-f1 expression
(Table 1; HR = 1.390, 95% CI=0.972-1.987, p = 0.071).

RFS

We also analyzed the association between TGF-1
expression and HCC patients’ RFS from the TCGA.
There was no difference on RFS between the two TGF-f1
expression groups (Figure 1B; HR = 1.041, 95% CI =
0.7278-1.490, p = 0.8244). Subsequent univariate and
multivariate COX proportional hazards regression models
were conducted to determine the independence of the
prognostic power of TGF-B1 in HCC patients’ RFS. In the
univariate COX regression models, more advanced clinical
stage (HR =2.332, 95% CI =1.547-3.516, p < 0.0001) and
higher platelet levels (HR = 1.459, 95% CI=1.001-2.127,
p = 0.049) were correlated with shorter RFS in HCC
patients (Supplementary Table 2). However, high TGF-$1
expression was not correlated with RFS (HR = 1.041,
95% CI = 0.729-1.488, p = 0.825). COX multivariate
regression revealed that more advanced clinical stage
(HR = 2.769, 95% CI = 1.752 — 4.376, p < 0.0001)
could predict a worse prognosis on RFS of HCC patients
(Supplementary Table 2). To summarize, these TCGA
results show that high TGF-f1 expression could act as a
prognostic indicator on OS but not RFS in HCC patients.

Search results for meta-analysis

A total of 1,106 papers were identified by the
systematic literature search, where 106 duplicates, 52
reviews, 6 non-English, and 71 non-human studies were
excluded and removed, resulting in 868 papers. Further,
856 articles were removed due to relevance, design,
and outcome data through the title, abstract, and full-
text screening (Figure 2). Ultimately, 12 papers were
incorporated into the meta-analysis.

Characteristics of eligible studies

Twelve articles [10-14, 24-30] and our TCGA
analysis containing a total of 2,021 individuals were
incorporated in the meta-analysis. One of the articles
contained two datasets [30], which counted as two
studies in our meta-analysis. The principal features of
these subjects with TGF-B1 expression were displayed
in Table 2. Sample size of the published studies ranged
from 67 to 350 patients. Interestingly, all included studies
were performed in Asia: ten publications originated
from China, one from Japan, and one from Singapore.
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Table 1: Univariate and multivariate analysis of clinic pathologic factors for overall survival of 423
HCC patients from TCGA

. Univariate analysis Multivariate analysis
Risk factors
HR 95 % CI p HR 95 % CI p

TGF-B1 expression (high vs. low) 1.412 1.011-1.973 0.043 1390 0.972-1.987  0.071
Gender (male vs. female) 0.907 0.645-1.277 0.576

Age (> 62 vs. £62) 1.333 0.948-1.873 0.096

Weight (> 35 vs. < 35 kg) 1.372 0.960-1.961 0.083

Height (> 1.68 vs. < 168 cm) 1.160 0.799-1.686 0.435

BMI (= 25 vs. < 25) 0.049 0.000-392.299 0.510

BMI” (> vs. £12.22363946) 1.011 0.697-1.465 0.955

Clinical stage (III-IV vs. I-1I) 1.842 1.265-2.681 0.001  1.841 1.265-2.679  0.001
Grade (G3-4 vs. G1-2) 1.193 0.839-1.698 0.326

platelet (> 212 vs. £212) 1.428 0.992-2.057 0.056

Albumin (>4 vs. £4) 0.734 0.506—-1.064 0.102

Alpha fetoprotein (> 16 vs. < 16) 1.438 0.958-2.157 0.080

Serum creatinine (> 0.9 vs. £0.9) 0.962 0.668-1.384 0.833

Prothrombin time (> 1.1 vs. £ 1.1) 1.360 0.942-1.962 0.100

Total bilirubn (> 0.7 vs. £0.7) 1.124 0.770-1.640 0.544

Liver fibrosis ishak score category (fibrosis

. 7342.525  0.000-4.062E60  0.894
vs. no fibrosis)

Vascular tumor cell invasion (positive vs.

. 1.287 0.880-1.882 0.193
negative)
For specimens, two articles were from urine, three from A meta-analysis of prognostic power of TGF-p1
plasma/serum, and seven from tumor tissue. Additionally, expression in HCC patients
the detection method of TGF-B1 expression included in
one by quantitative real-time polymerase chain reaction oS
(qPCR), two by 1251 radioimmunoassay kit, three by Data were derived from COX univariate analysis
enzyme linked immunosorbent assay kit (ELISA), and of all 12 studies, totaling 1604 HCC patients (Figure 3).
six by immunohistochemistry (IHC). Risk of bias (see With a random-effect model, shorter OS was seen with
quality assessment in methods) was appraised basing on higher TGF-B1 expression in comparison with those with
the three categories of NOS, and all 12 articles (100%) lower TGF-B1 expression (Figure 3; pooling HR = 1.71,
were regarded as high quality (7-9 stars) (Table 2). 95% CI = 1.34-2.17, p < 0.0001). Data were derived
B
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Figure 1: OS and RFS of TGF-p1 expression in HCC patients. The overall survival [OS] (A) and relapse-free survival [RFS]
(B) of TGF-B1 expression were shown in hepatocellular carcinoma from TCGA liver hepatocellular carcinoma (LIHC) dataset (LIHC -
[uminaHiSeq; n o = 382 and n . = 305). The median length of OS in high TGF-B1 expression (n high — 191) and low TGF-B1 expression
(n,, = 191) was 1386 days and 2131 days, respectively (p < 0.05).
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Table 2: Characteristics of the eligible studies in meta-analysis

First No of

. Sex Cancer Sample Tumor Detection Survival Follow-up,

author Year Region Age patients  (M/F) type type stage  method analysis Outcomes months NOS  Reference
JF Tsai 1997.5 China 55(43-67) 140 111/29 HCC  urinary [-IV RIA Univariate oS 7 [25]
JF Tsai 1997.8 China 58(29-72) 94 76/18 HCC  urinary -1V RIA Univariate (N 7 [29]

K Univariate and 4
Okumoto 2004 Japan 65(48-76) 70 55/15 HCC  plasma [-IV ELISA Multivariate (6N (0.5-50) 8 [26]
. . . Univariate and 53.9
ZL Xiang 2011 China 51 350 300/50 HCC Tissue -1 IHC Multivariate MES (3.0-120.6) 9 [24]
Y Chao 2013 China — 73 67/6 HCC serum -1 ELISA Univariate (6N 7 [13]
ZX Chen 2013  China  55.8(29-80) 126 92/34  HCC tissue LIV e Univariateand o 9 [28]
Multivariate
XHGai 2014  China — 96 5739  HCC  ftissue LIV e Univariateand g 18 8 271
Multivariate
C Turato 2014  Singapore 65(41-84) 67 50/17 HCC tissue — qRT-PCR Univariate RFS 8 [14]
. . . Univariate and . 39
Fli 2015 China 48(23-75) 84 68/16 HCC tissue v IHC Multivariate OS; DFS (3-81) 8 [12]
. . 56.9 Univariate and
ZH Lin 2015 China (23.6-83.1) 91 82/9 HCC serum — ELISA Multivariate OS; PFS 7 [10]
Y Wang 2016 China — 105 — HCC tissue — IHC Univariate OS; DFS 7 [11]
T: 184; L
HY Ruan 2016 China — i > 158/26; HCC tissue -1V IHC Univariate OS; RFS 7 [30]
VA8 07

—, there is no corresponding data presented.

DFS, disease-free survival; ELISA, enzyme linked immunosorbent assay kit; HCC, Hepatocellular Carcinoma; THC, immunohistochemistry; M/F, Male/Female; qRT-PCR,
quantitative real-time polymerase chain reaction; RFS, relapse-free survival; RIA, ' I radioimmunoassay kit; OS, overall survival; MFS, metastasis-free survival; PFS, progression-

free survival; NOS, Newcastle-Ottawa Scale.
T, Test; V, Validation.

from COX multivariate analysis of six studies, totaling
890 HCC patients. With a random-effect model, HCC
patients with high TGF-B1 expression presented a shorter
OS than those with low TGF-B1 expression (Figure 4;
pooling HR = 2.29, 95% CI = 1.46-3.57, p = 0.0003).
This suggests that high TGF-B1 expression could predict
inferior clinical outcomes on OS in HCC patients.

DFS/RFS/PFS

Data were extracted from COX univariate analysis
of eight studies, totaling 1,422 HCC patients. With a
random-effect model, a shorter DFS/RFS/MFS/PFS was
seen in HCC patients with higher TGF-B1 expression
in comparison to those with lower TGF-B1 expression
(Figure 5; pooling HR = 1.60, 95 % CI = 1.20-2.14,
p = 0.001). Data were derived from COX multivariate
analysis of three studies, totaling 525 patients. With a
random-effect model, there was no difference of DFS/
MFS/PES between the two TGF-B1 expression groups
(Supplementary Figure 1; pooling HR = 1.62, 95 % CI
= 0.66-3.98, p = 0.29). These results suggest that high
TGF-B1 expression could predict poor prognosis on DFS/
RFS/MFS/PES with COX univariate analysis by meta-
analysis in HCC patients.

Publication bias was conducted via RevMan.
Although the shape of funnel plots in OS and DFS/
RFS/MFS/PFS outcomes did not meet global symmetry
(Supplementary Figure 2), random-effect models were
used, results were receivable and merit consideration.
Furthermore, sensitivity tests were conducted during the

meta-analysis, and elimination of any individual study
did not alter the overall findings (Supplementary Table 3,
Supplementary Table 4).

Prognostic power of TGF-f1 expression in
different sample types of HCC patients

Tissue

Subgroup analyses of HRs for OS and DFS/RFS/
MFS/PFS among HCC patients in fixed- and random-
effect models were carried out on different sample
types: tissue, plasma/serum, and urine (Table 3, Table 4).
Matching forest plots and funnel plots of sample type
subgroups are in Supplementary Figures 3—11.

Data were derived from COX univariate analysis
of seven studies. With a fixed-effect model, a shorter OS
was observed in tissues with high TGF-B1 expression
compared with those with low TGF-B1 expression (pooling
HR =1.79, 95% CI = 1.49-2.15, p < 0.00001; Table 3 and
Supplementary Figure 3). Data were also derived from COX
multivariate analysis of four studies. With a random-eftfect
model, a shorter OS was observed in tissues of HCC patients
with high TGF-B1 expression compared with those with low
TGF-B1 expression (pooling HR =2.44,95% CI=1.40-4.27,
p =0.002; Table 4, Supplementary Figure 6).

In addition, data were derived from COX
multivariate analysis of two studies. With a random-effect
model, there was no difference on DFS/RFS/MFS/PFS
between the two TGF-B1 expression groups (pooling
HR = 1.99, 95 % CI = 0.39-10.11, p = 0.41; Table 4,
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Table 3: Outcomes of subgroups analysis in fixed-effect models from different sample type of HCC

patients
Univariate Multivariable
Subgroup

Nof S* P (%) r HR (95% CI) p-value NofS F (%) r HR (95% CI)  p-value
(6N
Tissue 7 36 0.16 1.79 (1.49-2.15) <0.00001 4 76 0.006  1.86(1.49-2.32) <0.00001
Plasma/Serum 3 85 0.001 1.40(1.03-1.92) 0.03 2 83 0.02 1.66(1.07-2.58) 0.02
Urinary 2 0 0.67  1.29(0.94-1.75) 0.11 0 — — — —
DFS/RFS/MFS/PFS
Tissue 7 73 0.001 1.23(1.08-1.40)  0.002 2 88 0.003  1.95(1.12-3.41) 0.02
Plasma/Serum 1 — — 1.75(1.13-2.71) 0.01 1 — — 1.15(0.71-1.86) 0.56
Urinary 0 — — — — 0 — — — —

0S8, overall survival; DFS, disease-free survival; RFS, relapse-free survival; MFS, metastasis-free survival; PFS, progression-free survival;

N of S, number of studies; N of P, number of patients; HR, hazard ratio;
—, there is no corresponding data presented;

CI, confidence interval;

* Our analysis data from TCGA database, Test and Validation sets of Ruan’s study were acted as three studies here.

Supplementary Figure 10). Data were derived from COX
univariate analysis of seven studies. With a random-effect
model, a shorter DFS/RFS/MFS/PFS was observed in
tissues of HCC patients with high TGF-1 expression
compared with those with low TGF-B1 expression
(pooling HR =1.59, 95% CI = 1.15-2.19, p = 0.005; Table
4 and Supplementary Figure 8).

Plasma/serum and urine

With a random-effect model, there was no difference
on OS between high and low TGF-B1 expression in
plasmas of HCC patients from both COX univariate
analysis of three studies (pooling HR = 1.73, 95 % Cl =
0.73-4.07, p = 0.21; Table 4 and Supplementary Figure 4)
and COX multivariate analysis of two studies (pooling

Identified through the databases:

(n=1095)

PubMed, Embase and Web of Science ClinicalTrial and the Cochrance Library

Identified through the databases:

(n=11)

Duplicates removed (n=106)
Review removed (n=52)

L

not English (n=6)
Non-human studies (n=71)

(n=868)

Title and abstract screening

v

> Excluded for not related studies (n=827)

Full-text screening
(n=41)

A 4

Excluded for insufficient data (n=29)

(n=12)

Studies included in the meta-analysis

Figure 2: Flow chart of the literature search procedure.
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Table 4: Outcomes of subgroups analysis in random-effect models from different sample type of

HCC patients
Univariate Multivariable
Subgroup
NofS F (%) P HR (95% CI)  p-value NofS F (%) r HR (95% CI)  p-value
(N
Tissue 7 36 0.16  1.90(1.47-2.46) <0.00001 4 76 0.006  2.44(1.404.27) 0.002
Plasma/Serum 3 85 0.001  1.73(0.73-4.07) 0.21 2 83 0.02  2.22(0.63-7.80) 0.21
Urinary 2 0 0.67 1.29(0.94-1.75) 0.11 0 — — — —
DFS/RFS/MFS/PFS
Tissue 7 73 0.001  1.59(1.15-2.19) 0.005 2 88 0.003  1.99(0.39-10.11) 0.41
Plasma/Serum 1 —_ — 1.75(1.13-2.71) 0.01 1 — — 1.15(0.71-1.86) 0.56
Urinary 0 — — — — 0 — — — —

OS, overall survival; DFS, disease-free survival; RFS, relapse-free survival; MFS, metastasis-free survival; PFS, progression-free survival;
N of S, number of studies; N of P, number of patients; HR, hazard ratio; CI, confidence interval;

—, there is no corresponding data presented;

* Our analysis data from TCGA database, Test and Validation sets of Ruan’s study were acted as three studies here.

HR =2.22,95 % CI = 0.63-7.80, p = 0.21; Table 4 and
Supplementary Figure 6). Similarly, with a fixed-effect
model in a COX univariate analysis of 2 studies, there
was no difference on OS between high and low TGF-1
expression in urine of HCC patients (pooling HR = 1.29,
95% CI=0.94-1.75, p = 0.11; Table 3 and Supplementary
Figure 3).

DISCUSSION

TGF-B1 expression can help primary carcinoma
cells migrate and disseminate to distant sites [22—24]. This
metastasis contributes to high mortality of hepatocellular
carcinoma (HCC) [25-28], which is the third dominating
cause of cancer-related deaths worldwide [29-32].
With so many people affected, it is important to study
TGF-B1 in the development and progression of HCC.
Some meta-analyses have reported that certain TGF-§1

susceptibility to HCC [33-36], but clinical significance
and prognostic value of TGF-B1 expression in HCC has
remained uncharacterized.

We evaluated the prognostic value of TGF-B1
expression in 12 articles and our TCGA analyzing data
with 2,021 total HCC patients via implementing a meta-
analysis. We found that high TGF-B1 expression can act as
an independent indicator of unfavorable prognosis on OS
from original univariate and multivariate analysis. High
TGF-B1 expression can predict a worse DFS/RFS/PFS
in meta-analysis from original univariate analysis, while
multivariate analysis yielded no difference on DFS/PFS
between the groups of high and low TGF-B1 expression.

We first analyzed a dataset of 423 HCC patients
from TCGA, and found that high TGF-1 expression could
indicate an unfavorable prognosis on OS, but not on RFS.
The results were consistent with our meta-analysis on OS.
The different clinical effects of high TGF-f1 expression in

polymorphisms

(+869C/T and

—509C/T) promote

the same tumor type from different studies may be due to

Odds Ratio Odds Ratio

r r Rati E_Weight IV, Ran % CI IV, Random, 95% Cl
Chao (2013) -0.235722 0.23578033 10.0% 0.79 [0.50, 1.25] T
Chen (2013) 0.5653138 0.42870761  5.4% 1.76 [0.76, 4.08] T
Gai (2014) 0.528862 0.16806299 12.3% 1.70 [1.22, 2.36] -
Ji (2015) 22905125 0.76566276 2.2%  9.88[2.20,44.31]
Lin (2015) 0.6418539 0.2499365  9.6% 1.90 [1.16, 3.10] -
Okumoto (2004) 1410987 0.44113243  5.2% 4.10[1.73,9.73]
Our result from TCGA 0.345007 0.17056512 12.2% 1.41[1.01, 1.97] —
Ruan (2016; Test) 0.679048 0.20417363 11.1% 1.97 [1.32, 2.94] -
Ruan (2016; Validation) 1.038508 0.34941349  6.9% 2.82[1.42, 5.60] -
Tsai (1997.5) 0.3001046 0.19423856 11.4% 1.35[0.92, 1.98] T
Tsai (1997.8) 0.1570037 0.2689185  9.0% 1.17 [0.69, 1.98] B
Wang (2016) 0.8712934 0.47101545  4.7% 2.39[0.95, 6.02]
Total (95% CI) 100.0% 1.71[1.34, 2.17] <&
Heterogeneity: Tau? = 0.09; Chi? = 26.88, df = 11 (P = 0.005); I? = 59% 0_’05 ofz ; 5 2’0

Test for overall effect: Z = 4.38 (P < 0.0001)

High TGF-B1 expression Low TGF-B1 expression

Figure 3: Meta-analysis of the HRs with 95% CI for OS from univariate analysis in HCC. The size of the blocks or diamonds
represents the weight for the random-effect model in the meta-analysis. HR > 1 indicates that high TGF-f1 expression is correlated with a
more unfavorable overall survival (OS).
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variant cut-off values of TGF-f1 expression between different
studies. The complex environment of cancer cells and the
duality of TGF-B1 in cancers are other possible causes.
TGF-B1 can act as an epithelium (including hepatocellular)
cellular proliferative depressor, a tumor accelerator, or both,
depending on the cell environment [37, 38].

Although there was a certain but acceptable
heterogeneity in OS and DFS/RFS/PFS studies, the outcomes
of meta-analysis still deserve to be considered. Several reasons
could have contributed to the heterogeneity, including the
constituent ratio of patients’ age, detection method, and a

diverse source of samples in each study. For example, samples
in two articles were from urine [16, 20], three from plasma/
serum [10, 13, 17], and seven from tumor tissue [11, 12, 14,
15, 18, 19, 21]. Secondly, there were variable definitions
of the cut-off value among these publications. No relevant
studies to investigate the uniform criterion of TGF-B1 positive
or high expression, which could be an important source of
potential bias. Thirdly, all the incorporated publications were
completely implemented in Asia. Lastly, the original individual
information of HCC patients was not available for all studies,
which also likely led to the heterogeneity of our analysis.

Odds Ratio Odds Ratio
__Study or Subgroup log[Odds Ratio] SE Weight 1V, Random, 95% CI 1V, Random, 95% CI
Chen (2013) 2.3249335 0.786 6.4% 10.23 [2.19, 47.73]
Gai (2014) 0.63233504 0.15391693 24.0% 1.88 [1.39, 2.54] =
Ji (2015) 1.56066775 0.41543287 14.2% 4.76 [2.11, 10.75] - -
Lin (2015) 0.21672298 0.25549231 20.1% 1.24 [0.75, 2.05] 1
Okumoto (2004) 1.5040774 0.47310214 12.4% 4.50[1.78, 11.37] -
Our result from TCGA 0.329304 0.182404 23.0% 1.39[0.97, 1.99] =
Total (95% Cl) 100.0% 2.29 [1.46, 3.57] -

Heterogeneity: Tau? = 0.19; Chi? = 18.31, df = 5 (P = 0.003); I = 73%
Test for overall effect: Z = 3.64 (P = 0.0003)

0.02

0.1 1

High TGF-B1 expression

10 50

Low TGF-B1 expression

Figure 4: Meta-analysis of the HRs with 95% CI for OS from multivariate analysis in HCC. The size of the blocks
or diamonds represents the weight for the random-effect model in the meta-analysis. HR > 1 indicates that high TGF-B1 expression is

correlated with a more unfavorable overall survival (OS).

Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
1.2.1 DFS
Ji (2015) 1.6054299 0.51110855  5.9% 4.98 [1.83, 13.56]
Wang (2016) 0.8109302 0.38422746  8.5% 2.25[1.06, 4.78]
Subtotal (95% Cl) 14.4%  3.12[1.45,6.70] ——
Heterogeneity: Tau? = 0.11; Chiz = 1.54, df =1 (P = 0.21); I? = 35%
Test for overall effect: Z=2.91 (P = 0.004)
1.2.2 RFS
Our result from TCGA 0.040182  0.182019 15.5% 1.04 [0.73, 1.49] -r
Ruan (2016; Test) 0.549854 0.18359582 15.5% 1.73[1.21, 2.48] -
Ruan (2016; Validation) 0.542906 0.27495233 11.9% 1.72[1.00, 2.95] -
Turato (2014) 0.0295588 0.08710287 19.0% 1.03[0.87, 1.22] T
Subtotal (95% CI) 62.0% 1.28 [0.96, 1.70] .
Heterogeneity: Tau? = 0.05; Chi? = 9.04, df = 3 (P = 0.03); > = 67%
Test for overall effect: Z=1.66 (P = 0.10)
1.2.3 MFS
Xiang (2011) 0.6961427  0.343601 9.7% 2.01[1.02, 3.93] - -
Subtotal (95% CI) 9.7% 2.01[1.02, 3.93] —
Heterogeneity: Not applicable
Test for overall effect: Z=2.03 (P = 0.04)
1.2.4 PFS
Lin (2015) 0.5596158 0.22220259 13.9% 1.75[1.13, 2.71] -
Subtotal (95% CI) 13.9% 1.75[1.13, 2.71] -
Heterogeneity: Not applicable
Test for overall effect: Z=2.52 (P = 0.01)
Total (95% ClI) 100.0% 1.60 [1.20, 2.14] -
Heterogeneity: Tau? = 0.11; Chi2 = 24.28, df = 7 (P = 0.001); I = 71% 0? p sz ofs J 2 5 1’0

Test for overall effect: Z = 3.20 (P = 0.001)
Test for subaroup differences: Chi2 =5.81. df =3 (P =0.12). 12 =48.4%
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Figure 5: Meta-analysis of the HRs with 95% CI for DFS/RFS/MFS/PFS from univariate analysis in HCC. The size
of the blocks or diamonds represents the weight for the random-effect model in the meta-analysis. HR > 1 indicates that high TGF-$1
expression is correlated with a more unfavorable disease-free survival (DFS), relapse-free survival (RFS), metastasis-free survival (MFS),

and progression-free survival (PFS).
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Some limitations existed in our study. All the studies
were from Asia, which possibly resulted in regional
bias. The articles incorporated into our analyses were
all published in English, so the language bias appeared.
Selective reporting was observed in some publications,
which led to the loss of some meritorious data. For example,
the pooled HRs for DFS/RFS/MFS/PFS were displayed
in fewer studies compared to HRs for OS. The HRs that
were evaluated indirectly might be less reliable than those
acquired directly from published data. Finally, if these
studies could have provided patients’ individual information,
our meta-analysis would have been much more precise.

In summary, both data mining results from the
TCGA database and meta-analysis results from published
studies definitively presented a negative prognostic effect
of high TGF-B1 expression on the OS in HCC patients.
Our results may provide an insight for the prognostic
prediction of HCC patients. Further preclinical and clinical
research with larger samples and open individual data of
patients are required to validate the prognostic significance
of TGF-B1 expression in HCC patients.

MATERIALS AND METHODS

Data extraction from TCGA database

An independent dataset including information on
mRNA expression and clinical features of HCC patients
(n = 423 for TCGA liver hepatocellular carcinoma,
gene expression by RNAseq with IlluminaHiSeq) was
obtained from the UCSC Cancer Genomics Browser of
TCGA (https://genome-cancer.soe.ucsc.edu). We analyzed
the differences of clinicopathologic variables between
two groups: high TGF-B1 expression and low TGF-1
expression. We also evaluated the prognostic influence of
TGF-B1 expression on OS and RFS in this HCC cohort.

Kaplan-meier survival analysis and COX
regression analysis

Differences between the clinicopathological data of
higher TGF-B1 expression and lower TGF-B1 expression
was assessed by the Chi-squared test. For survival
analysis, OS was calculated from the day of diagnosis to
the day of death or last follow-up, while RFS was defined
as the time from the day of the first complete remission to
the day of first relapse or death [39—42]. Survival curves
were established using the Kaplan-Meier approach, with
log-rank tests applied to appraise the differences between
the groups. Hazard ratios (HRs) were produced using
COX’s proportional hazards model. COX Univariate and
multivariate models for the prognostic effect of TGF-$1
expression on OS/RFS in HCC patients from the TCGA
were analyzed. SPSS 17.0 software (IBM, Chicago, USA)
was applied to conduct statistical analysis, and a two-sided
p-value < 0.05 was regarded as statistical significance. All

survival-related figures were plotted in GraphPad Prism 5
(GraphPad, La Jolla, USA).

Literature search for meta-analysis

Literatures search was retrieved from PubMed, Web
of Knowledge, Embase, ClinicalTrials, and the Cochrane
Library with the following search terms (mainly from MeSH
Term and its corresponding Entry Terms): TGF-betal,
Transforming Growth Factor beta 1, TGF-beta-1, TGF beta
1, TGF-B1, Transforming Growth Factor f1, TGF-B-1, TGF
B1, Transforming Growth Factor beta 1 Latency Associated
Peptide, TGF-betal Latency-Associated Protein, Latency-
Associated Protein, TGF-betal, TGF betal Latency
Associated Protein, TGF-betal LAP, TGF betal LAP; AND
Liver Neoplasms, Neoplasms, Liver, Liver Neoplasm,
Neoplasm, Liver, Hepatic Neoplasms, Neoplasms,
Hepatic, Hepatic Neoplasm, Neoplasm, Hepatic, Cancer
of Liver, Cancer, Hepatocellular, Hepatocellular Cancer,
HCC, Cancers, Hepatocellular, Hepatocellular Cancers,
Cancer, Hepatic, Hepatic Cancer, Cancers, Hepatic, Hepatic
Cancers, Cancer, Liver, Liver Cancer, Cancers, Liver, Liver
Cancers, Cancer of the Liver; AND prognostic, prognosis,
prognoses, outcome, outcomes, mortality, survival, overall
survival, OS, disease-free survival, DFS, relapse-free
survival, recurrence-free survival, RFS, metastasis-free
survival, MFS, progression-free survival, or PFS.

Study selection, data extraction, and quality
assessment of meta-analysis

No related review protocol has existed or been
registered. Inclusion criteria: (1) studies were full papers
in English prior to February 10, 2017; (2) Original
articles as cohort studies; (3) Patients were grouped in
terms of the expression levels of TGF-B1; (4) Focused
on prognostic effect of TGF-B1 expression on patients
with liver cancer; (5) Offered data on survival including
OS and/or DFS/RFS/MFS/PFS. Exclusion criteria: (1)
Duplicate publications; (2) Conference abstracts, meta-
analysis, reviews, letters, comments, expert opinions and
case reports; (3) Being not yet published in English; (4)
Non-human experiments; (5) Studies without qualified
data. Repetitive literature was managed and removed by
Endnote X4.

Two researchers independently inspected all
literature that satisfied the inclusion criteria, and the
divergences between reviewers were settled through
symposium. Information including first author, publication
year, region, median age, sample size, gender distribution,
cancer type, tumor stage, detection method, and follow-up
time were extracted from each eligible study. Matching
HRs with 95% CI for OS and DFS/RFS/MFS/PFS were
calculated using COX univariable and multivariable
models containing original data, or data extracted from
Kaplan-Meier curves, as previously described [43, 44].
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The methodological quality of included literature
was appraised via the Newcastle-Ottawa Scale (NOS)
[45]. The NOS is composed of three dimensions: selection,
comparability, and exposure or outcome. Up to 4, 2, and
3 stars are given for the three dimensions respectively,
with a total maximum score of 9 stars. Using the NOS, the
quality of these studies was classified into three tiers: high
quality (7-9 stars), intermediate quality (4—6 stars), and
low quality (1-3 stars) [45—47].

Statistics of meta-analysis

Meta-analysis was conducted with Review
Manager (RevMan) software (version 5.3.5; the
Nordic Cochrane Centre, Copenhagen, Denmark). The
prognostic role of TGF-f1 expression on OS and/or
DFS/RFS/MFS/PFS was assessed by the pooled HRs
and their matching 95% CI with the inverse variance
method. Statistical heterogeneity was assessed by the
chi-squared test (the significance of heterogeneity was
artificially expressed as p -value to distinguish from the
significance of outcomes) and I statistics. When there
was no significant heterogeneity (p -value > 0.1 and I
< 50%), the pooled HRs were assessed by fixed-effect
models. Otherwise, random-effect models were utilized
to enhance the stability of the meta-analysis by providing
a conservative standard error and wider confidence
interval. Publication bias was appraised by Begg funnel
plot and Egger’s test.
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