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ABSTRACT

The clinicopathologic and prognostic significance of regulatory T cells (Tregs) in
patients with hepatocellular carcinoma (HCC) remains controversial. We performed
a meta-analysis to resolve this issue. PubMed, Embase, Cochrane library, and the
Web of Science were searched to identify eligible studies performed up to November
2016. A total of 3,854 HCC patients from 27 cohort studies were included. The
meta-analysis revealed that high levels of Tregs were associated with poor overall
survival (0OS; HR = 1.95, P < 0.00001) and disease-free survival (DFS; HR = 1.82, P
< 0.00001). However, the prognostic effect varied greatly according to the site of
the Tregs. Higher intratumoral and peripheral blood levels of Tregs were associated
with shorter OS and DFS, whereas a high peritumoral Tregs level was not associated
with decreased OS and DFS. Trial design, therapy and method of detection had no
effect on prognosis of Tregs. Moreover, the patients with high Tregs infiltration had
multiple tumors, high AFP level, poor differentiation, later TNM stage, and vascular
invasion. The present study demonstrates that high levels of intratumoral and
peripheral blood Tregs predict multiple tumors, high AFP level, poor differentiation,
later TNM stage, and vascular invasion and might be a promising prognostic factor
in patients with HCC.

INTRODUCTION

Hepatocellular carcinoma (HCC) is the fifth most
common cancer and the third leading cause of cancer
death worldwide. Half of these cases and deaths were
estimated to occur in China [1, 2]. The current therapeutic
options for HCC are limited to liver surgery and liver
transplantation , but tumor recurrence following liver
resection and liver transplantation for HCC is common and
a major cause of death from this disease [3]. It is therefore
necessary to study novel therapeutic strategies. The liver
is considered a immune organ and immune escape is one
of the mechanisms of hepatocarcinogenesis [4, 5]. The
immunological microenvironment is very important for
progression of HCC and regulatory T cells (Tregs) are in
involved in the immunological microenvironment [6].

Tregs are a subgroup of CD4 +T cells characterized
by expression of CD25, and forkhead or winged helix
family of transcription factor P3 (FoxP3) is critical for
the development and function of Tregs [7]. Tregs are
important in maintaining self-tolerance and regulating
immune responses in both physiologic and disease
states. However, recent studies [8—10] have revealed that
Tregs might play a role in tumor progression. Increased
numbers of Tregs have been reported in peripheral blood
and tumor tissues of patients with HCC and Tregs can
impair CD8+ T-cell function in HCC, which is critical
for immune evasion in liver cancer [11]. Several studies
[12, 13] showed that injection of anti-CD25 antibody led
to drastically enhanced antitumor immunity .Based on the
above findings, Tregs seem to be a promising prognostic
factor in patients with HCC and a high Tregs level has been
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reported to be correlated with poor outcomes in a number
of publications [14-16]. However, whether Tregs have
prognostic value in patients with HCC remains controversial.
Although two meta-analyses on prognosis have been
conducted, they merely focused on intratumoral Tregs [17, 18]
and the prognostic value of Tregs in peritumoral regions
and peripheral blood was ignored. Moreover, whether Tregs
infiltration is associated with clinicopathologic features in
patients with HCC has not been analyzed systematically. For
these reasons, we carried out this meta-analysis to derive a
more precise estimation of the clinicopathologic and prognostic
significance of regulatory T cells in patients with HCC.

RESULTS

Study selection

Figure 1 shows our search and selection process. We
identified a total of 549 articles in a systematic literature
search. Forty potentially relevant studies were identified
by reviewing the titles and abstracts. Of these, 13 studies
were excluded because they did not meet the selection
criteria. Finally, 27 studies were eligible for meta-analysis
[14-16, 19-42].

Characteristics of eligible studies

A total of 3,854 patients were included in the
present study. The main features of each eligible study
are summarized in Table 1. Four trial designs were
prospective cohort studies and 23 were retrospective
cohort studies. Most of the studies (23/27) were conducted
in China, which was consistent with the high incidence of
HCC in China. Twenty-one studies reported that surgery
had been performed on patients. Patients in two studies
had received transhepatic arterial chemotherapy and
embolization (TACE). No prior treatment, cryoablation,
and liver transplantation were each applied in one study.

Among the 27 studies, 26 reported OS and/or DFS
and 15 presented the connection between clinicopathologic
features and Tregs. Only one reported neither OS nor
DFS, but presented clinicopathologic features. Tregs
detected in studies were mainly intratumoral (20/27).
In addition, six studies reported an association between
Tregs in peripheral blood and prognosis, and six reported
an association between Tregs in peritumoral sites and
prognosis. Five studies reported the association between
Tregs in two kinds of specimens at the same time and
prognosis. The most commonly used test methods for
Tregs were immunohistochemistry (IHC) and flow
cytometry (FCM). One study used quantitative real time
polymerase chain reaction (qQRT-PCR). Tregs markers
referred to CD4+CD25+ and FoxP3+ alone or in different
combinations. One study used CD4+CD25+CD127— as
the marker of Tregs. The mean follow-up ranged from 12
months to 61.03 months. The cutoff points of high Tregs

infiltration were heterogeneous and half of the studies used
the median number of Tregs as the cutoff point. Eighteen
of the included studies had a quality score > 6.

Prognostic effect of tregs on survival

Eighteen studies with a total of 3,091 patients
reported OS. Without considering the site of Tregs, the
meta-analysis of all these studies confirmed a significant
association between Tregs and survival—high Tregs level
was associated with a significantly lower OS in patients
with HCC (HR = 1.95, 95% CI [1.74, 2.19], P < 0.00001)
and there was no significant heterogeneity between
studies (I> = 15%, P = 0.27) (Figure 2A). However, it
was interesting that Tregs in different sites did not show
the same outcomes. Higher Tregs levels in intratumoral
tissue and peripheral blood were associated with shorter
OS (intratumoral: HR = 1.93, 95% CI [1.64, 2.27], P <
0.00001; peripheral blood: HR =2.14, 95%CI [1.72, 2.67],
P <0.00001), whereas higher Tregs level in peritumoral
sites was not associated with decreased OS (HR = 1.34,
95%CI1[0.91, 1.98], P = 0.14) (Figure 2B).

Hazard ratios for DFS were available in 15 studies
including 2,346 patients. The pooled result indicated that
high Tregs level was associated with significantly poorer
DFS in patients with HCC (HR = 1.82, 95% CI [1.61,
2.06], P <0.00001) and no significant heterogeneity was
observed between studies (I = 7%, P = 0.38) (Figure 3A).
In line with the outcome of OS, higher Tregs levels in
intratumoral sites and peripheral blood were associated
with decreased DFS (intratumoral: HR = 1.78, 95% CI
[1.54, 2.06], P < 0.00001; peripheral blood: HR = 2.47,
95%CI [1.38, 4.41], P = 0.002), but higher Tregs level in
peritumoral sites was not associated with poor DFS (HR =
1.28, 95%CI [0.98, 1.67], P = 0.14) (Figure 3B).

A total of four studies were included for the meta-
analysis of the association between peritumoral Tregs and
prognosis. Peritumoral tissues were defined as liver tissues
adjacent to the tumor within 10 mm without part of the tumor
tissues in three studies and one study defined peritumoral
tissues as liver tissues adjacent to the tumor beyond 20 mm.

The cumulative meta-analysis indicated that the results
of the association between intratumoral Tregs and OS (Figure
4A) and DFS (Figure 4D) got more and more stable and the
confidence interval got narrowed since the Gao’s research in
20009. It is convinced that intratumoral Tregs were associated
with poor prognostic for HCC, but the results of prognostic
effects of Tregs in peritumoral regions and peripheral blood
were not stable (Figure 4B, 4C, 4E, 4F).

Subgroup analyses of the prognostic effect of tregs

Subgroup analyses were carried out to investigate
potential sources of heterogeneity between studies and to
assess whether conclusions were sensitive to restriction
to subgroups that might have different prognostic effects.
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Table 1: General characteristics of included studies

Lo . Follow up
Author Publication Country NO,' of Trl.al Therapy Marker ’I:reg Method Cut -off months, median Outcome NOS
year patients  design sites measured
(range)
0;1-2;3-10;>
Esther et al. 2006 UK 69 RC LT FoxP3+ IT IHC 39.6 (2.4-202.8) DFS 7
10/5HPF
+ +
Fuetal. 2007 China 75 RC Resection CD4+CD2s PB FCM > Mean NR OS 5
FoxP3+
Kobayashi . .
etal 2007 Japan 147 RC Resection FoxP3+ 1T IHC > Median 52.8(0.5-169.1)  OS, DFS 6
Gao et al. 2007 China 302 RC Resection FoxP3+ IT HC > Median 58 (2.0-109.0) OS, DFS 7
Sasaki et al. 2008 Japan 164 RC Resection FoxP3+ El: THC > 14/10HPF 55.5(2.0-184.0) DFS 7
Gao et al. 2008 China 240 RC Resection FoxP3+ IT HC Not applicable 16.0 (1.5-68.0) OS, DFS 7
Juetal. 2009 China 207 RC Resection FoxP3+ PT THC > Median 27.9 (1.5-77.0) OS, DFS 7
Zhou et al. 2009 China 121 RC Resection FoxP3+ 1T HC > Median NR 0OS, DFS 5
. . 31.8+1.7
Juetal. 2009 China 130 RC Resection FoxP3+ PT HC > Mean OS, RFS
(1.5-77.0) 7
Wang et al. 2010 China 140 RC Resection FoxP3+ 1T THC Not applicable NR NOt
applicable 5
Lin et al. 2010 China 102 RC Resection FoxP3+ 1T IHC > Mean 36.0 (1.0-84.0) [N 7
+ +
Zhou et al. 2010 China 111 PC Cryoablation CD4+CD25 PB FCM > Median 12 DFS 4
FoxP3+
. RC .
Chen et al. 2011 China 293 Resection FoxP3+ 1T HC > 6.6/HPF NR 0OS, DFS 5
Shen et al. 2011 China 76 PC Resection FoxP3+ 1T THC >27/5HPF 12 (9.0-19.0) OS, DFS 7
Chen et al. 2012 China 141 RC Resection FoxP3+ {}; IHC > Median 22.7(2.0-70.3) 0S, DFS 7
+
Lietal. 2012 China 122 PC TACE CDC4D?2D7%5+ PB FCM > 6.7/HPF NR os 6
. . IT, >10.8/HPF; >
+
Huang et al. 2012 China 55 RC Resection FoxP3 PT IHC | 4/HPF 21 (2-49) OS, DFS 7
. Resection, CD4+CD25+ 1T, IHC, > 14.55/HPF,
Wang et al. 2012 China 137 RC RFA. TAE FoxP3+ PB FCM > Median 27.5 (2-49) Os, DFS 7
Lin et al. 2013 China 245 RC Resection FoxP3+ IT IHC Not applicable NR OS, DFS 4
Huang et al. 2014 China 56 RC Resection FoxP3+ 1T IHC > Median 36 (2-73) OS, DFS 6
+ +
Lietal. 2014 China 264 RC TACE CD4+CD25 PB FCM > Mean NR os 6
FoxP3+
+ +
Zhou et al. 2016 China 49 RC Resection CD4+CD2s PB FCM >5.07% NR DFS 7
FoxP3+
Wang et al. 2016 China 141 RC Resection CD4+FoxP3+ 1T THC Not applicable NR OS, DFS 4
Wang et al. 2016 us 64 PC Resection FoxP3+ IT PCR Not applicable 48.2 OS 5
Tu et al. 2016 China 57 RC Resection FoxP3+ 1T THC > 3.2/HPF NR [N 4
Fuetal. 2016 China 348 RC Resection FoxP3+ IT HC Not applicable ~ 53.4 (1.5-61.3) DFS 6
Cai et al. 2016 China 324 RC Resection FoxP3+ El: THC Not applicable ~ 61.03 (2-82.33) OS, DFS 6

LT, liver transplantation; IHC, immunohistochemistry; FCM, flow cytometry; WB, western blot; QRT-PCR, quantitative real-time polymerase chain reaction;
PCR, polymerase chain reaction; PC, prospective cohort; RC, retrospective cohort
IT, intratumoral; PT, peritumoral; PB, peripheral blood; NR, not reported; OS: overall survival; DFS: disease-free survival; HPF, high-power field
median/mean value was defined as the ratio of corresponding tumor islet and stroma counts.

The results were summarized in Table 2. The First, we
examined whether the therapy performed for patients
affected estimates of the association between Tregs level
and survival. Studies based on resection showed that
high Tregs level was significantly associated with lower
OS (HR = 2.03, 95% CI [1.76, 2.35], P < 0.00001) and
DFS (HR = 1.89, 95% CI [1.66, 2.15], P < 0.00001), and

pooled results from studies using TACE also showed
that higher Tregs level was significantly associated with
OS (HR = 2.02, 95% CI [1.58, 2.59], P < 0.00001). We
also analyzed the trial design for Tregs level and found a
significant effect on OS (prospective cohort: HR = 1.61,
95% CI [1.14, 2.26], P = 0.007; retrospective cohort: HR
=1.97,95% CI [1.73, 2.24], P < 0.00001). However, the
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Table 2: Subgroup analyses of the prognostic effect of Tregs

Number of Test for association Test for heterogeneity
Subgroup . "

Studies HR 95% CI P Chi2 I? P
OS
Therapy
Resection 13 2.03 [1.76,2.35] <0.00001 14.08 15% 0.30
TACE 2 2.02 [1.58,2.59] <0.00001 0.05 0% 0.44
Trial design
Retrospective cohort 15 1.97 [173,2.24] <0.00001 17.48 20% 0.23
Prospective cohort 3 1.61 [1.14,2.26] 0.007 1.96 0% 0.38
Method of detection
Immunohistochemistry 13 2.02 [1.69,2.42] <0.00001 16.91 29% 0.15
Flow Cytometry 4 2.08 [1.65,2.63] <0.00001 2.34 0% 0.51
PCR 1 2.86 [1.05, 7.79] 0.04 - - -
DFS
Therapy
Resection 14 1.89 [1.66,2.15] <0.00001 8.88 0% 0.78
Liver transplantation 1 1.09 [0.12,9.90] 0.94 - - -
Cryoablation 1 9.17 [2.47,34.43] 0.0009 - - -
Trial design
Retrospective cohort 15 1.82 [1.61,2.05] <0.00001 9.96 0% 0.77
Prospective cohort 2 3.86 [0.92, 16.23] 0.07 4.15 76% 0.04
Method of detection
Immunohistochemistry 14 1.81 [1.58,2.08] <0.00001 6.51 0% 0.93
Flow Cytometry 3 2.47 [1.38,4.41] 0.002 9.05 78% 0.01

OS, overall survival; DFS, disease-free survival; TACE, transhepatic arterial chemotherapy and embolization; PCR,

polymerase chain reaction.

trial design had different effects on DFS (prospective
cohort: HR = 3.86, 95% CI [0.92, 16.23], P = 0.07;
retrospective cohort: HR = 1.82, 95% CI [1.16, 2.05],
P < 0.00001). Besides, the subgroup analyses based on
methods of detection showed that high Tregs level was
associated with poor OS (immunohistochemistry: HR =
2.02,95% CI [1.69, 2.42], P <0.00001); flow cytometry:
HR =2.08, 95% CI [1.65, 2.63], P <0.00001) and DFS
(immunohistochemistry: HR = 1.81, 95% CI [1.58, 2.08],
P <0.00001; flow cytometry: HR =2.47, 95% CI [1.38,
4.41], P=0.002).

Relationship between tregs and clinicopathologic
characteristics

Fifteen studies reported the association between
Tregs and clinicopathologic parameters. A total of
16 features were analyzed, including tumor size,
AFP level, and vascular invasion. The information

for various clinicopathologic parameters and their
correlation with Tregs is summarized in Table 3. The
results of meta-analysis demonstrated that patients with
multiple tumors (OR = 0.73, 95% CI [0.56, 0.95], P =
0.02), high AFP level (OR = 0.66, 95% CI [0.52,0.84],
P =0.0007), poor differentiation (OR = 0.58, 95% CI
[0.46.0.74], P < 0.0001), later TNM stage (OR = 0.64,
95% CI1[0.49, 0.86], P = 0.003) and vascular invasion
(OR =2.2,95% CI [1.50, 3.22], P < 0.0001) had high
Tregs levels.

Controversies have existed regarding the correlation
among tumor size and liver cirrhosis. We found that the
incidence of Tregs in tumors of size >5 cm was higher
than that in tumors <5 cm, but the difference did not
reach statistical significance (OR = 0.73, 95 % CI [0.47,
1.14], P = 0.17). Likewise, patients with liver cirrhosis
had higher Tregs levels than those without liver cirrhosis
but without statistical significance (OR = 1.13, 95%
CI [0.80,2.14], P = 0.28). Besides, the results of meta-
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analysis demonstrated no correlation between infiltration
of Tregs and gender (OR = 0.93, 95% CI [0.74,1.19],
P =0.58), age (OR =1.12,95% CI [0.55,2.26], P = 0.76),
tumor encapsulation (OR = 1.00, 95%CI [0.78,1.29],
P = 0.89), Child-Pugh score (OR = 1.16, 95% CI:
[0.74,1.81], P = 0.52), history of hepatitis (OR = 1.50,
95% CI1 [0.832, 71], P =0.18), HBsAg (OR = 0.78, 95%
CI [0.54, 1.12], P =0.17), HBeAg (OR = 1.36, 95% CI
[0.86, 2.14], P = 0.19), and portal vein tumor thrombus
(OR =1.43,95% CI[0.97,2.10], P =0.07).

539 potential
publications identified
hrough database search

\ 4

Sensitivity analyses and publication bias

Sensitivity analyses showed that the association
between Tregs and prognosis was robust (Figure 5).
Funnel plot was performed to assess the publication
bias of this meta-analysis. As shown in Figure 6, the
distribution of the OS and DFS funnel plots were
asymmetric, which indicated publication bias. In addition,
there was some degree of publication bias in the studies
on clinicopathology.

10 additional records
identified through
other sources

151 studies screened

398 studies excluded on first pass

111 studies excluded on
second pass
39 reviews

40 full-text articles
further assessed

" | 24 conference abstracts
48 studies no reported
association between treg
and survival or
clinicopathology

13studies did not meet
criteria
6 studies were deplicated

v

A 4

27 studies for final
meta-analysis

Figure 1: Flow diagram of the study selection process.

5 studies no reported
sufficient data

2 studies were about rare
subtypes
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DISCUSSION associated with poor prognosis in breast cancer [43] but
with improved prognosis in colorectal cancer [44]. This

High Tregs levels have different effects on prognosis study addressed the prognostic value of Tregs in HCC.
in different kinds of cancer [18]. A high Tregs level was Previous studies [17, 18] reported that high intratumoral

A Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Weight IV, Fixed, 95% CI 1V, Fixed, 95% CI
2007Fu 09 026 49% 246[1.48,4.09]
2007Gao-1 04055 0.1491 15.0%  1.50[1.12,2.01] -
2007Kobayashi 04947 02408 57% 1.64[1.02,2.63]
2009Gao 1.026 02208 6.8% 2.79[1.81, 4.30] -
2009Ju 1.0054 0315 34% 2.73[1.47,5.07] —
2009Zhou 08394 03301 3.1% 2.31[1.21,4.42] —
2010Lin 06141 02661 4.7% 1.85[1.10,3.11] —
2011Shen 045 01984 85% 1.57[1.06,2.31] —
2012Chen-1 0.8755 0.4267 1.8% 2.40[1.04,5.54]
2012Huang-1 11969 04508 1.6% 3.31[1.37,8.01] —
2012Li 073 017 115% 2.08[1.49, 2.90] -
2012Wang-1 02546 02432 56% 1.29[0.80, 2.08] T
2013Lin 13908 049  1.4% 4.02[1.54,10.50]
2014Lin 06714 0.1887 9.3% 1.96[1.35,2.83] -
2016Cai 05435 02227 6.7% 1.72[1.11,2.66] -
2016Tu 1.265 04368 1.7% 3.54[1.51,8.34] B —
2016Wang-1 075 022 69% 212[1.38,3.26] -
2016Wang-2 1.05 05117  1.3% 2.86[1.05,7.79]
Total (95% CI) 100.0%  1.95 [1.74, 2.19] ¢

Heterogeneity: Chi? = 19.40, df = 17 (P = 0.31); I? = 12%

Test for overall effect: Z = 11.60 (P < 0.00001) 0.05 0.2 ! 5 20

Favours [High] Favours [Low]

B Hazard Ratio Hazard Ratio
Study or Subgroup  log[Hazard Ratio] SE Weight V. Random. 95% Cl IV. Random. 95% CI
2.1.1 intratumoral treg
2007Gao-1 0.4055 0.1491 15.7% 1.50 [1.12, 2.01] -
2007Kobayashi 0.4947 0.2408 8.6% 1.64 [1.02, 2.63] _'_
2009Gao 1.026 0.2208 9.7% 2.79[1.81, 4.30] -
2009Zhou 0.8394 0.3301 5.2% 2.31[1.21,4.42] -
2010Lin 0.6141 0.2661 7.4% 1.85[1.10, 3.11] -
2011Shen 045 0.1984 11.2% 1.57 [1.06, 2.31] —
2012Chen-1 0.8755 0.4267 3.3% 2.40[1.04, 5.54]
2012Huang-1 1.1969 0.4508 3.0% 3.31[1.37, 8.01] -
2012Wang-1 0.2546 0.2432 8.4% 1.29 [0.80, 2.08] e
2013Lin 1.3908 049  2.6% 4.02[1.54, 10.50]
2016Cai 0.5435 0.2227 9.6% 1.72[1.11, 2.66] -
2016Tu 1.265 0.4368 3.2% 3.54 [1.51, 8.34]
2016Wang-1 0.75 022 9.7% 2.12[1.38, 3.26] -
2016Wang-2 1.05 05117 2.4% 2.86 [1.05, 7.79]

Subtotal (95% Cl) 100.0% 1.93 [1.64, 2.27] ¢

Heterogeneity: Tau? = 0.02; Chi? = 16.97, df = 13 (P = 0.20); I = 23%
Test for overall effect: Z = 8.01 (P < 0.00001)

2.1.2 peritumoral treg

2007Gao-2 0.0953 0.238 27.6% 1.10[0.69, 1.75] -
2009Ju 1.0054 0315 21.2% 2.73[1.47,5.07] -
2012Chen-2 0.0392 0.5273 10.8% 1.04 [0.37, 2.92] -
2012Huang-2 0.1222 0.1065 40.5% 1.13[0.92, 1.39] ;
Subtotal (95% CI) 100.0% 1.34[0.91, 1.98]

Heterogeneity: Tau? = 0.09; Chi2 = 7.35, df = 3 (P = 0.06); I> = 59%
Test for overall effect: Z = 1.48 (P = 0.14)

2.1.3 peripheral blood treg

2007Fu 09 026 18.6% 2.46 [1.48, 4.09] —_
2012Li 073  0.17 43.5% 2.08 [1.49, 2.90] -
2012Wang-2 1.5 0.7 2.6% 4.48[1.14, 17.67]
2014Lin 0.6714 0.1887 35.3% 1.96 [1.35, 2.83] -
Subtotal (95% Cl) 100.0% 2.14[1.72, 2.67] 4
Heterogeneity: Tau? = 0.00; Chi? = 1.66, df = 3 (P = 0.65); 12 = 0%
Test for overall effect: Z = 6.78 (P < 0.00001)
0.02 0.1 1 10 50

Favours [High] Favours [Low]

Test for subgroup differences: Chi2 = 4.23. df =2 (P = 0.12). I = 52.8%

Figure 2: Prognostic effect of Tregs on overall survival. (A) Prognostic effect of Tregs on overall survival without consideration
of Tregs site; (B) Prognostic effect of Tregs in different sites on overall survival.

www.impactjournals.com/oncotarget 39663 Oncotarget



Table 3: Meta-analysis of reported clinicopathologic characteristics in the included studies

Number of Test for association Test for heterogeneity
Parameters . :
Studies OR 95% CI P Chi® B P
Gender (Male vs.Female) 13 0.93 [0.74,1.19] 0.58 14.82 19% 0.25
Age (<50 vs. > 50) 3 112 [0.55,2.26] 0.76 4.44 55% 0.1
1 <
g‘;ﬁ‘)’r size (<5 cm vs. > 9 073  [0.47, 1.14] 0.17 20.73 66% 0.11
Tumor number (Single vs. 9 073  [0.56,0.95] 0.02 3.23 0% 0.86
Multiple)
AFP level (< 400 vs. 400 6 0.66  [0.52,0.84] 0.00 9.12 45% 0.10
ng/mL)
G/LLT) level (< 40 vs. 40 3 115 [0.62,2.12] 0.65 7.89 75% 0.02
IE;O")“ cirrhosis (Yes vs. 1 131 [0.80,2.14] 0.28 28.79 65% 0.00
l’:‘slc\l‘g;‘r invasion (Yes 10 220 [1.50,3.22] 0.00 20.52 56% 0.01
Tumor encapsulation, 0
(Prosence vs, Absoncs) 6 .00 [0.78,1.29] 0.89 8.76 43% 0.12
TNM stage (I+1I vs. o
V) 6 0.64  [0.49,0.86] 0.00 3.18 0% 0.67
g&lé‘;'])“gh score (A vs. 7 1.16  [0.74,1.81] 0.52 7.60 21% 0.27
Tumor differentiation o
(HI vs II1V) 7 0.58  [0.46,0.74] 0.00 3.69 0% 0.72
PVTT (Yes vs. No) 4 143 [0.97,2.10] 0.07 5.29 43% 0.15
History of hepatitis (Yes 10 150  [0.83,2,71]  0.18 35.64 75% 0.00
vs. No)
HBsAg (Positive vs. 5 078  [0.54, 1.12] 0.17 6.91 43% 0.14
Negative)
HBeAg (Positive vs. 5 136 [0.86,2.14] 0.19 1.62 0% 0.80
Negative)
AFP, alpha fetoprotein; ALT, alanine transaminase; PVTT, portal vein tumor thrombus.
Tregs levels were associated with poor prognosis in Intratumoral Tregs are involved in tumor

HCC. We included a larger number of studies in a meta-
analysis and reached the same conclusion that a higher
Tregs level was associated with significantly lower OS and
DFS in patients with HCC without consideration of Tregs
site. However, there was controversy over whether high
Tregs levels in other sites, such as peripheral blood and
peritumoral regions have the same effect on prognosis. We
found that Tregs from different sites did not have the same
effect on prognosis: increased Tregs levels in intratumoral
sites and peripheral blood were associated with poorer OS
whereas high Tregs levels in peritumoral regions had no
association with OS. The same applied to DFS. Overall, a
lower level of Tregs in intratumoral regions and peripheral
blood might improve survival and reduce recurrence of
HCC, and may be a promising therapeutic strategy for
HCC.

progression by inhibiting the function or maturation
of antigen-presenting cells, destroying target cells,
impeding the proliferation or activation of natural killer
cells and effector T cells, causing metabolic disruption,
secreting the immunosuppressive cytokines transforming
growth factor beta (TGF-B) and IL-10, and expressing
T lymphocyte—associated antigen 4 (CTLA-4) protein
[45—-48]. The mechanisms discussed above may lead to
the association between Tregs and prognosis in HCC.
Our finding that Tregs in different sites do not have the
same effect on survival in HCC indicated that Tregs might
play different roles in HCC according to their location.
In particular, peritumoral Tregs did not appear to promote
tumor progression. Wu et al.[49] reported a difference in
quantity and phenotype among intratumoral, peritumoral,
and peripheral blood Tregs; intratumoral Tregs had
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higher prevalence and more suppressive activity in HCC
patients. There is accumulating evidence that FoxP3+
T cells in humans are heterogeneous in phenotype and

function, consisting of suppressive and non-suppressive
subpopulations. CD25"e" FoxP3hehCD45RA-cells are
designated as effector or activated Treg cells, which are
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Figure 3: Prognostic effect of Tregs on disease-free survival. (A) Prognostic effect of Tregs on disease-free survival without
consideration of Tregs site ;(B) Prognostic effect of Tregs in different sites on disease-free survival.
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highly suppressive, and CD25"°*FoxP3"> CD45RA+
cells are designated as naive or resting Treg cells [50].
Perhaps, peritumoral Tregs might be mostly resting Treg
cells, which are not involved in immune escape of HCC
but important for avoiding autoimmunity. Some researches
can be conducted to verify the assumption by flow
cytometer and functional studies of peritumoral Tregs may
help to explain the observed association with prognosis.
Our finding that Tregs in peripheral blood
were associated with prognosis in a meta-analysis
is meaningful because Tregs in peripheral blood can
be detected easily and allow real-time monitoring
compared with Tregs in the tumor. There are two

reasons accounting for the prognostic effect of Tregs
in peripheral blood. Tregs in peripheral blood are
connected to intratumoral Tregs. HCC can recruit
Tregs in peripheral blood and convert CD4°¥CD25""to
CD4hiehCD25%eh [28, 51]. Besides, immune escape of
tumor occurs not only in local immunity but also in
systemic immunity. Tregs in peripheral blood play
an important role in immune tolerance and higher
level of Tregs in peripheral blood could lead to
immunosuppression of the whole immune system.

We also explored the clinicopathologic significance
of Tregs. Zhao et al.[52] reported no association between
Tregs and six clinicopathologic parameters of tumor
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Figure 4: Cumulative meta-analysis of the association between Tregs and prognosis. OS: (A) Intratumoral Tregs; (B)
Peritumoral Tregs; (C) Peripheral blood Tregs; DFS: (D) Intratumoral Tregs; (E) Peritumoral Tregs; (F) Peripheral blood Tregs. Overall
survival, OS; Disease-free survival, DFS.
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number, AFP level, tumor size, TNM stage, HBV infection, affected the reliability of the conclusion. Moreover, many
and tumor capsule; however, there were only three articles other important parameters, such as tumor differentiation,
that included each clinicopathologic parameter, which vascular invasion, and portal vein tumor thrombus, have
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Figure 5: Sensitivity analyses of the association between Tregs and prognosis. (A) Sensitivity analysis of the association
between Tregs and overall survival; (B) Sensitivity analysis of the association between Tregs and disease-free survival.

www.impactjournals.com/oncotarget 39667 Oncotarget



not been analyzed. Our study including a larger number
of eligible studies showed that higher Tregs levels were
associated with some clinicopathologic parameters,
such as multiple tumors, higher AFP level, poor tumor
differentiation, later TNM stage, and vascular invasion.
This conclusion further supported the meta-analysis results
on OS and DFS because patients with multiple tumors,
high AFP level, poor differentiation, later TNM stage, and
vascular invasion have poor prognosis [19-24].

Vascular invasion is associated with high Tregs
level and Tregs can promote tumor metastasis; however,

there is no research accounting for these associations.
The present study showed that patients with portal vein
tumor thrombus had high Tregs levels (although this was
not significant), which was not consistent with vascular
invasion. As more articles on vascular invasion were
included in our analysis, the result was more stable
and reliable. Although several studies showed that
patients with high or low Tregs levels had liver cirrhosis
[21, 23, 28], our present meta-analysis demonstrated no
association between Tregs and liver cirrhosis. It is possible
that Tregs play complicated roles in the progression of
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Figure 6: Funnel plots of the association between Tregs and prognosis. (A) Funnel plot of the association between Tregs and
overall survival; (B) Funnel plot of the association between Tregs and disease-free survival.
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fibrosis in the liver. In brief, the association between Tregs
level and several clinicopathologic parameters reconfirms
that Tregs may be involved in HCC progression.

The present meta-analysis has several additional
limitations that should be addressed. First, although we
tried to identify all relevant data, potential publication bias
was unavoidable. Several studies [40, 42, 53] reported
no association between Tregs and survival, but without
an available HR and/or 95% CI. Insignificant HRs for
prognosis and ORs for clinicopathologic parameters are
less likely to be reported in studies. We must therefore be
cautious regarding our results. Second, heterogeneity could
not be eliminated. There are many reasons for potential
heterogeneity. Treg markers, Treg sites, follow-up time,
and cut-off value were defined differently among studies,
and the patients had received different treatments. However,
we tried to reduce the impact of heterogeneity through
subgroup analyses. Third, the number of included studies
reporting Tregs in peripheral blood and peritumoral sites
was relatively small. As there were insufficient eligible
studies we did not conduct stratified analysis for the
association between Tregs and clinicopathologic parameters
according to Tregs site. Finally, the included studies
are mostly retrospective studies and more high-quality
prospective studies are needed to confirm our results.

Despite the limitations of our study, our meta-
analysis is meaningful for demonstrating the correlation
between prognosis and Tregs, especially Tregs in
peripheral blood and peritumoral regions. Besides, this is
the first comprehensive analysis of the association between
clinicopathologic characteristics and Tregs in HCC.
Sensitivity analyses revealed that the results were robust.

In conclusion, meta-analysis of available data
suggests that a high Tregs level in intratumoral sites and
peripheral blood was associated with OS and DFS, and
may be a promising prognostic factor in patients with HCC.
Patients with higher Tregs level tended to have multiple
tumors, higher AFP level, poor differentiation, later TNM
stage, and vascular invasion. Nevertheless, further well-
designed clinical studies are needed to elucidate the exact
relationship and the underlying mechanism.

MATERIALS AND METHODS

The meta-analysis was performed in accordance
with Preferred Reporting Items for Systematic Reviews
and Meta-Analyses: the PRISMA Statement [54].

Publication search strategy

We systematically searched PubMed, Embase,
Cochrane library, and Web of Science up to November 2016,
without restrictions on the region and language, for studies
on the association between prognosis or clinicopathology
and Tregs in patients with HCC. The following keywords
were used when searching: (‘liver cancer’ or ‘hepatocellular

carcinoma’), (‘regulatory T cells’ or ‘FoxP3’), and
(‘prognosis’ or ‘clinicopathology’). We tried to identify
additional pertinent studies by reviewing reference lists of
the identified reports, reviews, meta-analyses, and other
relevant publications. The “related articles” function was
used at the same time to broaden the search.

Inclusion and exclusion criteria

We included all studies that met the following
criteria: (1) published as original articles; (2) evaluated
human subjects; (3) Tregs were detected in intratumoral
tissue, peritumoral tissue, or peripheral blood by
testing for markers of CD4+CD25+, FoxP3+ or
CD4+CD25+FoxP3+; (4) reported association of high
or low Tregs level with overall survival (OS), disease-
free survival (DFS), or clinicopathologic parameters; (5)
contained the minimum information necessary to estimate
the effects (i.e., hazard ratios) and a corresponding
measure of uncertainty (i.e., confidence interval, P-values,
standard errors, or variance). If multiple publications
were based on the same patient population, we used the
most informative study to avoid duplication. Studies
were excluded if they were: (1) reviews or conference
abstracts; (2) lacking sufficient data for calculation of
incidence and/or hazard ratios (HRs) with 95% confidence
intervals (CIs); (3) duplication of previous publications or
replicated samples; (4) concerning a rare subtype of Tregs.
Two reviewers determined study eligibility independently
and disagreements between the reviewers were resolved
via discussion and consensus. If they could not reach
agreement, a third researcher determined the final results.

Quality assessment

The quality of the included studies was evaluated
according to the Newcastle-Ottawa scale (NOS) criteria
for cohort studies[55]. We allocated a score of 0-9 to each
included study, and those with a score >6 were considered
to be of high quality. If disagreement existed on the assigned
grade, studies were reassessed until a consensus was reached.

Data extraction

From each study, the following information was
extracted: first author, year of publication, trial design,
country, sample size, pretherapy, Tregs marker, Tregs
site, Tregs assessment method, cut-off definition, follow-
up time, clinicopathologic parameters, and OS or DFS
outcome of univariate and/or multivariate analysis
(including P-values, HRs, and 95% ClIs). OS was defined
as the interval between curative treatment and death or the
last observation for surviving patients. DFS was defined as
the interval after curative treatment when no disease can be
detected, or from the date of curative treatment to the date
of last follow-up for patients without recurrence. If a direct
report of survival and recurrence ratios was not available,
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the survival data from Kaplan—Meier curves were read by
Engauge Digitizer version 4.1 (http://digitizer.sourceforge.
net/) as described previously [56]. When both univariate
analysis and multivariate analysis were reported to obtain
the HR, the results of multivariate analysis were selected
to avoid confounding factors. Two reviewers performed
data extraction using a predefined form. Disagreements
were resolved by consensus after discussion.

Statistical analysis

The overall analysis was performed by assessing all
relevant research according to prognostic outcomes and
different clinicopathologic parameters. The prognostic
effect of the meta-analysis was estimated based on OS
and DFS. Effect measures regarding the effect in the meta-
analysis were reported as HR with 95% CI. The estimated
odds ratio (OR) with 95% CI was used to summarize the
correlation between detection of Tregs and clinicopathologic
characteristics of hepatocellular carcinoma. Statistical
heterogeneity between trials was assessed by the y2 test and
I? statistic [57]. I? values of 25%, 50%, and 75% correspond
to cut-off points for low, moderate, and high degrees of
heterogeneity. P > 0.1 for the x2 test and I? < 50% were
interpreted as signifying low-level heterogeneity. When
there was no statistically significant heterogeneity, a pooled
effect was calculated with a fixed-effects model; otherwise,
a random-effects model was used. The cumulative analysis
was performed according to publication time.

Subgroup analyses were carried out to investigate
potential sources of heterogeneity between studies and to
assess whether conclusions were sensitive to restricting
studies to subgroups that might have different prognostic
effects. Subgroup analyses were based on therapy, trial
design and method of detection. If one study reported
an association between Tregs from different tissues and
prognosis at the same time, the effect measures based on
large sample was used to assess overall prognosis value
when ignoring Tregs site, and the effect measure based on
small sample was used to analyze the prognostic value of
Tregs from different tissues.

Sensitivity analyses were performed to assess the
stability of the results; a single study was deleted each time
to determine the influence of the individual data set on the
results. Publication bias was determined via funnel plot.
The P-value threshold for statistical significance was set at
0.05 for effect sizes except for the y? test. The cumulative
analysis and sensitivity analyses were conducted with
Statal2.0 and other statistical analyses were performed
with Review Manager Version 5.3.
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