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Abstract Tumor-infiltrating lymphocytes (TILs) repre-

sent the host immune response to cancer. CD8? cytotoxic

T cells (CTLs) have a central role in the elimination of

tumors, while regulatory T cells (Tregs) can suppress the

immune reaction. The aim of this study was to investigate

the prognostic value of TILs, especially Tregs and CTLs, in

hepatocellular carcinoma (HCC) patients after resection.

CD3?, CD4?, CD8?, and FoxP3? TILs were assessed by

immunohistochemistry in tumor tissue from 141 randomly

selected HCC patients. Prognostic effects of low- or high-

density TIL subsets were evaluated by Kaplan–Meier and

Cox regression analysis using the median values as cutoff.

The density of intratumoral Tregs (P = 0.040) and perit-

umoral CTLs (P = 0.004) were an independent factor for

overall survival (OS), but not for disease-free survival

(DFS). The density of CD3? and CD4? TILs, and the

prevalence of Tregs and CTLs were associated with neither

OS nor DFS. The presence of low intratumoral Tregs with

high intratumoral CTLs was a negative independent prog-

nostic factor for OS (P = 0.001), while that of low intra-

tumoral Tregs and low peritumoral CTLs independently

correlated with improved DFS (P = 0.008). Moreover, the

combined analysis of Tregs and CTLs displayed better

prognostic performances than any of them alone. Addi-

tionally, higher density of intratumoral Tregs correlated

with both the presence of liver cirrhosis (P = 0.025) and

increased tumor size (P = 0.050). Tregs within tumor

environment are promising prognostic parameters for HCC

patients, and their combination with CTLs can predict

prognosis more effectively.
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Introduction

Tumor-infiltrating lymphocytes (TILs) are considered as

one of the manifestations of host immune reaction against

cancers. Patients with a prominent lymphocyte infiltration

have improved prognoses [1, 2]. Nowadays, it has been

clear that TILs are heterogeneous and contain various

immune cell subsets, which can suppress or promote the

progression of tumors. Therefore, if distinctions were made

with respect to lymphocyte types, location, and their

combinations, a more profound impact on prognosis will be

observed compared with only the overall degree of lym-

phoid infiltration [3].

Regulatory T cells (Tregs) have a crucial role in

impeding immune surveillance against cancer and ham-

pering the development of effective antitumor immunity

[4]. It has been reported that Tregs are increased in both the

peripheral blood and the tumor microenvironment in many

human carcinoma types [4] and can suppress proliferation

and production of granzyme and perforin of autologous

CD8? cytotoxic T cells (CTLs) through direct cell-to-cell

contact or via the release of cytokines [5–7]. The most
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specific Treg cells marker identified to date is the nuclear

transcription factor known as FoxP3, which can define

regulatory T cells in human tumors [8]. Accumulating

studies have documented a link between the infiltration of

FoxP3? Tregs in several human carcinoma types and

prognosis. The most comprehensive of these studies were

in colorectal cancer with similar conclusion by numerous

groups [3, 9]. However, mixed or conflicting results remain

among several other cancer types [1, 10]. Importantly,

more and more attention has been given to the balance

between Tregs and CTLs. The concurrent low-Treg and

high-CTL densities in Hodgkin’s lymphoma [11] and

hepatocellular carcinoma (HCC) [12] have been reported to

be more valuable than the single TIL subtypes.

However, the prognostic role of TILs, especially the

combination of Tregs with CTLs, in patients with HCCs

remains less clear. In this study, we examine the prognostic

value of the density and prevalence of Tregs and CTLs

alone or combined in intratumoral and peritumoral TILs.

We suggest that Tregs and CTLs are independent predic-

tors for survival and recurrence of HCC patients, respec-

tively; and, more importantly, the existence of synergetic

effect between Tregs and CTLs as regard HCC prognosis.

Patients and methods

Patients and samples

Archival specimens were obtained from 141 patients at the

First Affiliated Hospital, Zhejiang University School of

Medicine (Hangzhou, China) after written informed con-

sent. The inclusion criteria included the following: (1)

diagnosis of HCC confirmed by pathology; (2) without

anticancer treatment and distant metastases before surgery;

(3) underwent curative resection for HCC between 2005

and 2010, defined as macroscopically complete removal of

the tumor with negative safety margin [12, 13]; (4) with

complete clinicopathologic and follow-up data. The clini-

cal classification of tumors was determined according to

the TNM classification system of International Union

Against Cancer (edition 6). The histologic grade of tumor

differentiation was assigned by the Edmondson grading

system [14]. Liver function was assessed by Child-Pugh

score system [15]. Clinicopathologic characteristics are

summarized in Table S1. The study protocol was approved

by the Institutional Review Board of Key Lab of Combined

Multi-organ Transplantation, Ministry of Public Health.

Follow-up

The last follow-up was completed on March 31, 2011. The

mean follow-up time reached 22.7 months (range,

2.0–70.3). All patients were monitored prospectively by

serum alpha-fetoprotein (AFP), abdominal ultrasonogra-

phy, and chest X-ray every 1–6 months according to the

postoperative time. For patients with test results suggestive

of recurrence, computed tomography and/or magnetic

resonance imaging were used to verify whether recurrence

had occurred. A diagnosis of recurrence was based on

typical imaging appearance in computed tomography and/

or magnetic resonance imaging scan and an elevated AFP

level. Overall survival (OS) was defined as the interval

between surgery and death or between surgery and the last

observation for surviving patients. The data were censored

at the last follow-up for living patients.

Immunohistochemistry analysis

Immunohistochemistry was done on the formalin-fixed,

paraffin-embedded tissue sections as previously described

[5, 13]. The monoclonal antibodies used were CD3, CD4,

CD8 (Novocastra, Newcastle, UK), and FoxP3 (Abcam,

Cambridge, UK). Briefly, the sections were deparaffinized

and rehydrated. Before blocking of endogenous peroxidase

with methanol containing 3% H2O2, the sections were

autoclaved at 121�C for 10 min in citrate buffer (pH 6.0)

for antigen retrieval. After blocking with goat serum, the

sections were reacted overnight with appropriately diluted

primary antibodies. Slides were then incubated with

labeled polymer horseradish peroxidase rabbit/mouse

antibody for 15 min (Envision? Detection System; Dako,

Carpinteria, CA). Diaminobenzidine was used as the

chromogen, and the nuclei were counterstained with

hematoxylin.

Evaluation of immunohistochemical variables

The number of TILs was counted using a computerized

image analysis system composed of a Leica DFC420 CCD

camera, installed on a Leica DMIR2 light microscope

(Leica, Wetzlar, Germany), and attached to a personal

computer. Ten different high-power fields (9400), repre-

senting the densest lymphocytic infiltrates, were selected

for each sample to ensure representativeness and homo-

geneity [12] and were counted by two independent inves-

tigators without knowledge of the clinicopathologic data.

Variations in counts exceeding 5% were re-counted, and a

consensus decision was made. ‘‘Peritumoral’’ was liver

tissues adjacent to the tumor within a distance of 10 mm

(supplementary Fig. 1a) [5, 13, 16]. The proportion of

FOXP3? lymphocytes among CD4? lymphocytes and that

of CD8? lymphocytes among CD3? T cells were calcu-

lated using the mean number of total fields, and the aver-

ages were compared.
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Statistic analysis

Statistical analyses were performed with SPSS 15.0 soft-

ware (SPSS, Chicago, IL). Cumulative survival time was

calculated by the Kaplan–Meier method and analyzed by

the log-rank test. Univariate and multivariate analyses were

based on the Cox proportional hazards regression model.

For all immunohistochemical markers, the cutoff for defi-

nition of subgroups was the median value. A secondary

analysis was performed to assess the correlation of lym-

phocytic variables with clinicopathologic characteristics.

For the comparison of individual variables, v2 tests and

Spearman’s coefficients tests were carried out as appro-

priate. Statistical significance was set at P \ 0.05.

Results

Immunohistochemical characteristics

Higher densities of CD3?, CD4?, and CD8? TILs were

observed in peritumoral area than in intratumoral area

(supplementary Fig. 1a–d). However, the density of FoxP3?

cells in intratumoral area was close to that in peritumoral

area (supplementary Fig. 1e), thus resulting in significantly

higher prevalence of FoxP3? cells (FoxP3?/CD4? TILs) in

intratumoral area (P \ 0.001, compared with peritumoral

area; Table 1). Different from FoxP3? cells, the prevalence

of CD8? cells (CD8?/CD3? TILs) was similar in the two

regions (Table 1).

Correlation between the studied TIL subsets is listed in

Table S2. In intratumoral region, the densities of all TIL

subsets correlated with each other (range of correlation

coefficients, 0.23–0.66; P = 0.005 or \0.001). In peritu-

moral region, the densities of TIL subsets also correlated

with each other except FoxP3? cells. However, the asso-

ciation with TIL subsets from different regions seemed to

be much weaker. In addition, a weak association was

observed in the intratumoral prevalence between FoxP3?

and CD8? cells (r = 0.22, P = 0.008; Table S3).

Prognostic factors

The disease-free survival (DFS) and OS rates were 59 and

65% at 3 years, 52 and 43% at 5 years, respectively, for the

whole study population. On univariate analysis, age, AFP

level, tumor number, vascular invasion, TNM stage, and

tumor grading were predictors for DFS, while AFP level,

tumor size, number, vascular invasion, and TNM stage for

OS (Table 2).

The type of lymphocytic infiltration in the intratumoral

or peritumoral area did not show any prognostic signifi-

cance for DFS (Table 2; Figs. 1, 2a, c, e; supplementary

Fig. 2a–d). For OS, only the density of intratumoral Tregs

(FoxP3?) and peritumoral CTLs (CD8?), but not intratu-

moral CTLs, was found to be associated with prognosis

(Fig. 2b, d, f; Table 2). Patients with low intratumoral Treg

or peritumoral CTL number had longer mean survival time

(MST) (57 or 53 months, respectively) than did those with

high intratumoral Treg or peritumoral CTL number (34 or

35 months, respectively). In contrast, the prevalence of

Tregs (FoxP3?/CD4?) or CTLs (CD8?/CD3?) in either

intratumoral or peritumoral area had no prognostic value

(Table 2; supplementary Fig. 2e–h).

Clinicopathologic features showing significance by

univariate analysis were adopted as covariates for multi-

variate Cox proportional hazards analyses. The density of

both intratumoral Tregs (FoxP3I
?; P = 0.040) and peritu-

moral CTLs (CD8P
?; 0.004) was independent prognostic

factors for OS (Table 3). These two factors showed poor

effects on patient outcome. In addition, AFP level was also

associated with OS (P = 0.023). For DFS, only Age and

TNM stage were revealed to be independent prognostic

factors (P \ 0.05, Table 3).

Combination of intratumoral Tregs with intratumoral

or peritumoral CTLs

The combined influence of low versus high number of

intratumoral Tregs and CTLs was also evaluated. First, the

combination of CD8I
? with FoxP3I

? was evaluated. Using

Table 1 Descriptive statistics of immunohistochemical variables

Variablea Mean Median SE

CD3? TILs

Intratumor 44.42 28.86 4.11

Peritumor 127.58 106.75 8.87

CD4? TILs

Intratumor 26.63 16.61 2.48

Peritumor 74.93 49.25 6.68

CD8? TILs

Intratumor 23.29 12.13 2.66

Peritumor 59.91 48 4.68

FoxP3? TILs

Intratumor 5.49 2.57 0.83

Peritumor 6.52 3.83 1.24

CD8?/CD3? TILs (%)

Intratumor 48.44 50.09 2.03

Peritumor 46.64 48.97 2.28

FoxP3?/CD4? TILs (%)

Intratumor 21.85 14.82 1.97

Peritumor 9.58 5.23 2.01

TILs tumor-infiltrating lymphocytes
a Number of TILs per high-powered field (9400)
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the median number as the cutoff, patients were classified

into four groups: CD8I
LoFoxP3I

Hi (n = 29), CD8I
HiFoxP3I

Lo

(n = 27), CD8I
LoFoxP3I

Lo (n = 43), and CD8I
HiFoxP3I

Hi

(n = 42). Significant differences in both OS (P \ 0.001)

and DFS (P = 0.006) were found among the four groups

with shortest MST in the CD8I
LoFoxP3I

Hi group (21 and

13 months, respectively) and longest MST in the CD8I
Hi-

FoxP3I
Lo group (65 and 60 months, respectively) (supple-

mentary Figs. 3a, b). Moreover, the MST of CD8I
LoFoxP3I

Hi

group is significantly shorter than those of the other three

groups (Fig. 3a, b). Multivariate analysis revealed that

CD8I
LoFoxP3I

Hi was a negative independent prognostic

factor for OS (HR = 0.03, P = 0.001; Table 3).

Second, we analyzed the combination of CD8P
? with

FoxP3I
?, as both of them were independent factors for OS.

We grouped the patients in the same way: CD8P
LoFoxP3I

Hi

(n = 30), CD8P
HiFoxP3I

Lo (n = 27), CD8P
LoFoxP3I

Lo

(n = 21), and CD8P
HiFoxP3I

Hi (n = 26). Significant

Table 2 Univariate analysis of factors associated with recurrence and survival

Variable DFS OS

HR 95% CI P HR 95% CI P

Age, B50/[50 years 0.49 0.26–0.92 0.026 1.08 0.55–2.14 0.817

Sex, Male/Female 0.82 0.34–1.96 0.656 1.61 0.49–5.28 0.432

HBsAg, Negative/Positive 0.94 0.43–2.07 0.885 1.28 0.49–3.31 0.617

AFP, B400/[400 ng/mL 2.82 1.44–5.52 0.002 2.86 1.36–5.87 0.004

ALT, B40/[40 U/L 1.30 0.69–2.46 0.423 1.33 0.67–2.65 0.412

Child-Pugh score, A/B ? C 1.19 0.54–2.59 0.670 1.07 0.46–2.46 0.875

Liver cirrhosis, Yes/No 1.04 0.47–2.30 0.915 0.62 0.28–1.42 0.260

Tumor size, B5/[5 cm 1.80 0.96–3.36 0.066 2.17 1.09–4.29 0.027

Tumor encapsulation, None/Presence 0.92 0.44–1.95 0.835 0.80 0.35–1.84 0.598

Tumor number, Single/Multiple 0.46 0.29–0.87 0.016 0.50 0.25–1.00 0.048

Vascular invasion, Yes/No 2.31 1.21–4.42 0.011 2.58 1.30–5.12 0.007

TNM stage, I ? II/III 4.94 2.59–9.42 0.000 2.25 1.15–4.41 0.019

Tumor grading, I - II/III 2.07 1.10–3.90 0.024 2.01 0.99–4.08 0.053

Intratumoral TILs (low v high)

CD3? 1.01 0.54–1.90 0.971 1.39 0.70–2.78 0.346

CD4? 0.76 0.41–1.44 0.404 1.31 0.66–2.60 0.446

CD8? 1.13 0.60–2.13 0.702 1.44 0.72–2.91 0.305

FoxP3? 1.69 0.89–3.21 0.112 2.51 1.21–5.20 0.013

%CD8?/CD3? 1.00 0.99–1.01 0.956 0.66 0.33–1.33 0.264

%FoxP3?/CD4? 1.00 0.99–1.01 0.715 0.97 0.49–1.91 0.928

Peritumoral TILs (low v high)

CD3? 1.84 0.87–3.87 0.108 1.20 0.56–2.57 0.635

CD4? 1.48 0.70–3.13 0.310 1.44 0.65–3.18 0.366

CD8? 1.17 0.57–2.39 0.672 2.50 1.13–5.21 0.024

FoxP3? 1.46 0.52–4.13 0.473 1.04 0.37–2.89 0.945

%CD8?/CD3? 0.89 0.43–1.83 0.742 1.07 0.50–2.27 0.869

%FoxP3?/CD4? 0.98 0.93–1.04 0.487 0.87 0.25–3.07 0.827

Combination of CD8I
? and FoxP3I

?

Overall 0.77 0.57–1.035 0.082 0.67 0.48–0.93 0.017

CD8I
LoFoxP3I

Hi v the other groupsa 0.33 0.16–0.65 0.001 0.21 0.11–0.43 0.000

Combination of CD8P
? and FoxP3I

?

Overall NA 0.247 NA 0.937

CD8P
LoFoxP3I

Lo v the other groupsb 4.87 1.15–20.65 0.032 35.75 0.99–129.8 0.051

Univariable analysis, Cox proportional hazards regression model

DFS disease-free survival, OS overall survival, HR hazard ratio, CI confidence interval, HBsAg Hepatitis B surface antigen, AFP a-fetoprotein,

ALT alanine aminotransferase
a Including CD8I

HiFoxP3I
Lo, CD8I

LoFoxP3I
Lo, and CD8I

HiFoxP3I
Hi

b Including CD8P
LoFoxP3I

Hi, CD8P
HiFoxP3I

Lo, and CD8P
HiFoxP3I

Hi
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difference in OS was also found with the MST of CD8P
Lo-

FoxP3I
Lo much longer than those of the other three groups

(P \ 0.01, Fig. 3d; supplementary Fig. 3d). Interestingly,

although they were not prognostic factors for DFS, the

combined analysis of CD8P
? with FoxP3I

? showed the same

result as for OS (P = 0.018, Fig. 3c). Moreover, multi-

variate analysis showed that CD8P
LoFoxP3I

Lo was an inde-

pendent prognostic factor for improved DFS (HR = 7.46,

P = 0.008; Table 3). Finally, we revealed that the AUC of

the combination of Tregs with CTLs was larger than that of

Tregs or CTLs alone by receiver operating curve (ROC)

analyses (Table 4).

Correlation of immunohistochemical variables

with clinicopathologic features

Intratumoral Tregs were found to be associated with liver

cirrhosis (P = 0.025) and tumor size (P = 0.050). The pres-

ence of liver cirrhosis or increased size of the primary tumor

Fig. 1 Tumor-infiltrating

FoxP3? and CD8? cells.

Consecutive sections were used

for immunohistochemical study

on (a, c, e, and g) FoxP3? and

(b, d, f, and h) CD8? cells: (a,

b) high FoxP3? and low CD8?

cells; (c, d) low FoxP3? and

high CD8? cells; (e, f) both low;

(g, h) both high. Positive

lymphocytes were stained

brown (magnification, 9400)
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was prone to have higher density of intratumoral Tregs

(Table 5). Moreover, the presence of liver cirrhosis also

showed a positive association with the intratumoral preva-

lence of Tregs (FoxP3I
?/CD4I

?) (P = 0.025, Table S4).

Intratumoral CD8? cells correlated positively with tumor

number (P = 0.011). Neither peritumoral FoxP3? nor perit-

umoral CD8? TILs correlated with any clinicopathologic

features (Table 5). In addition, significant association was

observed between intratumoral CD3? cells and Child-Pugh

score (P = 0.042) and tumor number (P = 0.012) (Table S4).

Discussion

Tumor-infiltrating lymphocytes represent the host immune

response to a tumor with CD8? CTLs as critical positive

Fig. 2 Kaplan–Meier analyses of disease-free survival and overall survival for intratumoral Tregs (a, b), intratumoral (c, d) and peritumoral (e,

f) CTLs
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responders and Tregs as main immunosuppressors. In this

study, we investigated the relationship between host

immune response and clinical outcome in HCC patients,

especially focusing on infiltration of Tregs and CTLs in

different tumor regions. First, our results indicated that the

density of intratumoral Tregs and peritumoral CTLs had a

negative impact on the overall survival of HCC patients,

although none of them was associated with recurrence of

HCC. Multivariate analysis revealed that both of them were

also independent prognostic factors for OS. However, the

prevalence of Tregs and CTLs showed no prognostic sig-

nificance for HCC patients. Second, we showed that the

combined analysis of Tregs and CTLs may improve the

prediction of patient survival, regardless of their prognostic

value in univariate analysis.

A few studies have investigated the prognostic value of

Treg infiltration [5, 9, 12, 17–20], but conclusions were

contradictory. Marked infiltration of Tregs in cancer stroma

was reported to be an unfavorable prognostic factor in

ovarian [17], pancreatic [18], and hepatocullular [5, 12]

cancers, but indicated favorable outcome for patients with

head and neck [19] and colorectal [9] cancers. No prognostic

influence of Tregs was found in anal squamous cell carci-

nomas [20]. Our data showed that only the density of

intratumoral Tregs was significantly correlated with sur-

vival, but not with recurrence. Also, we showed that the

prevalence of Tregs in either region had no prognostic

significance for survival and recurrence, inconsistent with

a previous report, in which the prevalence of Tregs in

HCC was significantly correlated with both survival and

recurrence [21]. Perhaps, the different approach to calculate the

prevalence of Tregs and CTLs led to the inconsistent results.

Tumor-infiltrating CD8? CTLs are believed to be front

fighters against cancers. They play a positive prognostic

effect in some cancers [9, 22]. However, they have no

prognostic role in other cancers [20, 23]. For HCCs, the

role of CTL infiltration in prognostic value remains mixed.

A positive prognostic effect was revealed in one report [2],

while no prognostic significance in other reports [12, 21],

as proved in this study. Two major points are suggested to

be responsible for the compromised tumor-specific killing

by CD8? CTLs: the dysfunction of cytolytic machinery

and increased inhibitory cells, including Tregs, in tumor

environments [5, 6]. Interestingly, our data showed that

peritumoral CTLs, unlike intratumoral CTLs, were inver-

sely correlated with survival, different from a previous

report [12]. It has been stated that the peritumoral liver

tissues was the major target organ of HCC recurrence or

metastasis [13]. Our results, which showed that the perit-

umoral CTLs rather than the intratumoral CTLs were an

independent predictor for HCC prognosis, were in agree-

ment with this conclusion. However, the observation of

worse survival for patients with a high density of peritu-

moral CTLs is counter-intuitive due to antitumor response

of CTLs. Functional studies of CTLs may help to explain

the observed association with prognosis. In a report, the

activated (granzyme B?) CTLs were found to be positively

correlated with survival, but not the CD8? CTLs [12].

Although two immune-related prognostic factors were

found, Tregs or CTLs alone may be less effective in

Table 3 Multivariate analysis of factors associated with recurrence and survival

Survivala Mean survival time HR 95% CI P

DFS

Age, B50/[50 years 39 51 0.53 0.28–1.00 0.011

TNM stage, I ? II/III 27 56 4.53 2.38–8.67 0.000

CD8P
LoFoxP3I

Lo v the other groupsb 61 35 7.46 1.68–33.25 0.008

OS

AFP, B 400/[ 400 ng/mL 50 39 2.47 1.13–5.37 0.023

FoxP3I
?, low v high 57 34 2.40 1.04–5.54 0.040

CD8P
?, low v high 53 35 3.36 1.46–7.77 0.004

Combination of CD8I
? and FoxP3I

?

Overall NA 0.037

CD8I
LoFoxP3I

Hi v the other groupsc 21 56 0.03 0.00–0.25 0.001

The variables, FoxP3I
?, CD8P

? and combination of FoxPI3
? with CD8I

? or CD8P
?, cannot be used to perform multivariate analysis simultaneously

due to multicolinearity, so they were adopted to the multivariate analysis separately. Cox proportional hazards regression model

DFS disease-free survival, OS overall survival, HR hazard ratio, CI confidence interval, AFP a-fetoprotein, I intratumoral tumor-infiltrating

lymphocytes, P peritumoral tumor-infiltrating lymphocytes
a Variables were adopted for their prognostic significance by univariate analysis
b Including CD8P

LoFoxP3I
Hi, CD8P

HiFoxP3I
Lo, and CD8P

HiFoxP3I
Hi

c Including CD8I
HiFoxP3I

Lo, CD8I
LoFoxP3I

Lo, and CD8I
HiFoxP3I

Hi
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predicting prognosis of HCC patients, especially for

recurrence. Therefore, we hypothesized whether the com-

bined analysis of Tregs and CTLs could improve the pre-

diction of patient survival. Three points are responsible for

this hypothesis. First, in univariate analysis for DFS, neither

CD8P
? alone nor FoxP3I

? alone was a prognostic factor.

However, the combination of CD8P
? with FoxP3I

? showed a

significantly poorer prognosis in the CD8P
LoFoxP3I

Lo group

than in the other three groups. Second, in combined anal-

ysis, the disparities of MST between high- and low-risk

groups were much larger, and the differences were more

significant. Third, according to ROC analysis, the predictive

value of the combination of Tregs with CTLs was better

than that of Tregs or CTLs alone (Table 5). Collectively,

these results indicate that the combination of Tregs with

CTLs could predict the outcome more effectively.

Fig. 3 Kaplan–Meier analyses of disease-free survival and overall

survival for the combination of intratumoral Tregs (FoxP3I) with

intratumoral CTLs (CD8I) and with peritumoral CTLs (CD8P). High

intratumoral Tregs concomitant with intratumoral Low CTLs

(CD8I
LoFoxP3I

Hi) were associated with both shorter survival and

higher recurrence (a, b), while the cocurrent presence of low

intratumoral Tregs and low peritumoral CTLs (CD8P
LoFoxP3I

Hi)

predicted prolonged survival and reduced recurrence (c, d)

Table 4 Receiver operating curve analyses

Variable DFS OS

AUC 95% CI P AUC 95% CI P

FoxP3I
? 0.555 0.450–0.660 0.311 0.580 0.470–0.689 0.161

CD8I
? 0.485 0.379–0.591 0.782 0.483 0.371–0.595 0.765

CD8P
? 0.503 0.381–0.626 0.958 0.625 0.505–0.745 0.051

CD8I
?FoxP3I

? 0.417 0.308–0.525 0.124 0.655 0.541–0.769 0.007

CD8P
?FoxP3I

? 0.592 0.477–0.707 0.046 0.636 0.527–0.746 0.036

AUC area under curve, CI confidence interval, I intratumoral tumor-infiltrating lymphocytes, P peritumoral tumor-infiltrating lymphocytes
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We also found that high-density Tregs correlated with

the presence of liver cirrhosis [24]. As we know, most

HCCs occur based on liver cirrhosis. Hirohashi et al. fur-

ther found that Tregs increased in a stepwise manner from

hepatitis, pre-cirrhotic stage, and liver cirrhosis to HCC

[21]. This result, together with ours, indicated that Treg

infiltration was closely involved in the progression of

hepatocarcinogenesis.

In conclusion, our data suggest that the type, density,

and location of immune cells in HCC had a prognostic

value, and that the combination of Tregs with CTLs can

predict clinical outcome effectively. These results may

provide a novel independent predictor for prognosis and

thus help identify the high-risk patients who would benefit

most from adjuvant therapy.
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