
Abstract. Aim: We previously reported that sorafenib
induces Th1 [interferon-γ (IFNγ)-positive interleukin 4
(IL4)-negative] dominance which prevents tumor cells from
escaping the host immune system in patients with liver
cirrhosis (LC) and advanced hepatocellular carcinoma
(aHCC). However, in that study we did not assess the
influence of sorafenib on host immunity according to the
etiology of LC. Therefore, this study was retrospectively
performed to evaluate the impact of sorafenib therapy for
aHCC on host immunity in patients stratified according to
the etiology of LC: Patients and Methods: A total of 116
adult Japanese patients with LC and aHCC received
sorafenib therapy at our hospital. Blood samples were
collected before and after treatment for 4 weeks. Results:
Twenty-two patients had hepatitis B virus (HBV)-related LC,
62 patients had hepatitis C virus (HCV)-related LC, 22
patients had alcoholic LC, and 10 patients had LC without
these causative factors. In patients receiving sorafenib at a
dose of 400 mg/day, patients in Child–Pugh class A, and
patients with stage IVA aHCC, Th2 (IFNγ-negative/IL4-
positive) cells decreased significantly after treatment,
although there was no significant impact on the tumor
response. In addition, Th2 cells decreased significantly in
patients with HCV-related LC after treatment, while there
were no significant changes in the other groups. Conclusion:

Sorafenib might prevent tumor cells from escaping the host
immune system in patients with aHCC and HCV-related LC,
although it does not seem to do so in those with LC of other
etiologies.

Liver cancer was reported to be the sixth most common
cancer diagnosed worldwide (749,000 new cases annually)
and the third frequent causes of cancer-related death overall
(1), with hepatocellular carcinoma (HCC) being the second
leading cause of cancer-related death for men and the sixth
highest cause for women worldwide (2). The oral
multikinase inhibitor sorafenib is the first systemic agent
approved for HCC and has revolutionized treatment of
advanced HCC (aHCC) in patients with liver cirrhosis (LC).
Sorafenib targets the rapidly accelerated fibrosarcoma
(RAF)/mitogen-activated protein kinase/extracellular signal-
related kinase signaling pathway, and shows strong in vivo
antitumor activity, and it has been used to treat patients with
aHCC (Barcelona Clinic Liver Cancer stage C) not
responding to transcatheter arterial chemoembolization (3-
6). As a multikinase inhibitor, sorafenib shows activity
against vascular endothelial growth factor receptor (VEGFR)
2, platelet-derived growth factor receptor (PDGFR), c-KIT
receptor, (v-raf murine sarcoma viral oncogene homolog B1
(b-RAF), and p38 (7), which are important molecules in
signal transduction pathways that may contribute to the
pathogenesis of HCC (8). Sorafenib prevents tumor growth
by inhibiting several components of the RAF-mitogen-
activated protein kinase kinase (MEK)/extracellular signal–
regulated kinase (ERK) signaling pathway, and it also
suppresses angiogenesis by acting on VEGFR-1, VEGFR-2,
VEGFR-3, and PDGFR-B (9). A phase III study of
regorafenib (RESORCE) (10), another multikinase inhibitor,
suggested that it may be a promising treatment option for
patients who show disease progression on sorafenib therapy
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(11). However, sorafenib still has an important role in
treating aHCC and its influence on host immunity in patients
with LC with this cancer is of interest. 

Th1 [interferon-γ (IFNγ)-positive interleukin 4 (IL4)-
negative] and Th2 (IFNγ-negative/IL4-positive) cells cross-
regulate their own development. It has been reported that
Th2 type cytokines down-regulate antitumor immunity (12),
while activation of Th1 responses promotes antitumor
immunity (13-16). When treating aHCC in patients with LC,
the influence of tumor-related factors, the characteristics of
anticancer drugs or molecular-targeting agents, and the role
of host immunity all need to be considered. We previously
reported that sorafenib reduced peripheral blood Th2 cells in
patients with LC with aHCC and that it might induce Th1
dominance and prevent tumor cells from escaping the
immune system in these patients (17). However, that study
did not examine whether the etiology of LC had any
influence on the efficacy of sorafenib therapy for aHCC:
Accordingly, the present study was retrospectively performed
to evaluate the effects of sorafenib therapy for aHCC on host
immunity in patients with LC stratified according to the
etiology of their liver disease.

Patients and Methods

Patients. Between 2009 and 2017, a total of 116 adult Japanese
patients with LC received sorafenib therapy for aHCC at our
hospital. Sorafenib was administered for 4 weeks at a dose of 200-
800 mg/day, depending on the patient’s body size and age. Data for
this study were obtained from blood samples collected early in the
morning before and after sorafenib treatment for 4 weeks. Written
informed consent was obtained from each patient after the potential
complications of sorafenib treatment were fully explained (3).

Analysis of CD4-positive T-cell subsets. Blood samples were kept
at room temperature and analyzed within 6 hours. Subsets of CD4-
positive T-cells in peripheral blood were analyzed after nonspecific
stimulation with phorbol 12-myristate 13-acetate (PMA),
ionomycin, or brefeldin A (Sigma Chemical Co., St. Louis, MO,
USA), according to the modified method of Jung et al. (18). Flow
cytometry was used to detect cytoplasmic expression of IFNγ and
IL4 by CD4-positive T-cells from peripheral blood after culture and
staining, as reported previously (17). Then the CD4-positive T-cell
population was divided into IFNγ-positive/IL4-negative (Th1) cells
and IFN-γ-negative/IL4-positive (Th2) cells. Regulatory T-cells
(Treg cells) were identified as CD25high/CD127low cells (17).

Evaluation of tumor response. For each patient, the tumor response
was assessed according to the modified Response Evaluation
Criteria in Solid Tumors (RECIST) (19, 20).

Statistical analysis. Statistical analysis was performed using the
Statistical Package for the Social Sciences (SPSS version 11.0;
SPSS, Chicago, IL, USA). Results are expressed as the
mean±standard deviation. Wilcoxon’s signed-rank sum test was used
to compare patient characteristics within each group. In all analyses,
p≤0.05 was considered to indicate statistical significance. 

This study was approved by the Ethical Review Board of Toho
University Medical Center, Omori Hospital (number 27-141).

Results

The 116 patients were divided into four groups. Twenty-two
patients had hepatitis B virus (HBV-)-related LC (HBV
group), 62 patients had hepatitis C virus (HCV-)-related LC
(HCV group), 22 patients had alcoholic LC (alcohol group),
and 10 patients had non-B-/non-C LC with no alcohol
exposure (non-ABC group). We excluded patients with LC
due to autoimmune diseases such as autoimmune hepatitis or
primary biliary cirrhosis. Patients characteristics according
to group are given in Table I: Significant differences were
noted in age, Child–Pugh class and sorafenib dosage among
the groups (Table I).

Changes of serum characteristics. In the HBV group, the
serum level of creatinine and the platelet count decreased
significantly after sorafenib treatment compared with before
treatment. In the HCV group, serum levels of total bilirubin,
direct bilirubin, aspartate transaminase, alanine amino-
transferase, alpha-fetoprotein (AFP)-L3, and des-gamma
carboxyprothrombin (DCP) all increased significantly after
sorafenib treatment, while serum albumin and the platelet count
decreased after treatment. In the alcohol group, the serum level
of direct bilirubin increased after sorafenib treatment, while
serum albumin, the platelet count, and the prothrombin time
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Table I. Clinical characteristics of the 116 patients with liver cirrhosis
and advanced hepatocellular carcinoma. 

Etiology of cirrhosis       HBV           HCV          Alcoholic    Non-ABC

No. of patients                   22                62                  22                10
Age, years
Mean                             66.5±8         72.5±6           66.2±6         74.4±7
Gender, n
  M                                     19                49                  21                 7
  F                                       3                 13                   1                  3
Child–Pugh 
classification, n
  A                                      5                 45                  16                 7
  B                                      17                16                   6                  3
  C                                       0                  1                    0                  0
Stage of tumor, n
  III                                     0                  3                    0                  0
  IVA                                 18                46                  18                 8
  IVB                                  4                 13                   4                  2
Dose of sorafenib, n
  200 mg/day                      2                  8                    0                  0
  400 mg/day                     16                51                  17                 9
  800 mg/day                      4                  3                    5                  1

HBV: Hepatitis B virus; HCV: hepatitis C virus; non-ABC: non-HBV-
/non-HCV liver cirrhosis with no alcohol exposure.



decreased after treatment. In the non-ABC group, the serum
level of DCP increased after sorafenib treatment, while the
monocyte and platelet counts decreased significantly after
treatment (Table II). 

Response. Table III summarizes the response to sorafenib
treatment. No patient achieved a partial response (PR) in the
alcohol-associated LC group and the non-ABC group,
although patients in the HBV or HCV group achieved PR.

Peripheral blood Th1, Th2, and Treg cells. There were no
significant differences in Th1 cells or Treg cells between before
and after sorafenib treatment at any of the three dose levels. In
contrast, there was a significant decrease in Th2 cells after
treatment (3.8±2% vs. 3.5±2%; p=0.0398, by Wilcoxon’s
signed-rank sum test) in the patients receiving sorafenib at 
400 mg/day, although there were no significant changes in Th2
cells after treatment at dose of 200 and 800 mg/day. With regard
to the response to sorafenib, no significant changes in Th1, Th2,
and Treg cells were noted after treatment according to response
category. There were also no significant changes in Th1 and
Treg cells after treatment in patients from each Child–Pugh
class. However, a significant decrease in Th2 cells occurred in
patients with Child–Pugh class A LC after sorafenib treatment
(3.2±1% vs. 2.9±1%; p=0.0493, by Wilcoxon’s signed-rank

sum test), although there was no significant change in those
with Child–Pugh class B: Regarding the influence of tumor, no
significant changes in Th1 and Treg cells occurred after
treatment in patients with HCC of any stage. Interestingly, a
significant decrease in Th2 cells was noted in patients with
stage IVA disease after sorafenib treatment (3.7±2% vs. 3.4±2%;
p=0.0174, by Wilcoxon’s signed-rank sum test), although there
was no significant change in Th2 cells after treatment in those
with stage IVB disease (Table IV).
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Table II. Comparison of clinical characteristics for 116 patients with liver cirrhosis and advanced hepatocellular carcinoma. 

Etiology of cirrhosis                 HBV                                         HCV                                       Alcoholic                                   Non-ABC                

                                                 Pre Tx            Post Tx              Pre Tx               Post Tx             Pre Tx              Post Tx              Pre Tx            Post Tx

Ammonia (mg/dl)                   49.4±41           53.7±42             52.0±37             60.1±29            46.2±21            47.9±17            36.8±13           49.3±11
Total bilirubin (g/dl)               1.0±0.6            1.0±0.4              1.0±0.4            1.3±0.7**           1.0±0.4             1.2±0.6             0.7±0.2            0.7±0.3
Direct bilirubin (g/dl)              0.3±0.3            0.3±0.2              0.4±0.2            0.6±0.4**           0.3±0.2            0.4±0.3*            0.2±0.1            0.3±0.1
Albumin (mg/dl)                     3.7±0.5            3.5±0.7              3.3±0.5            3.0±0.5**           3.6±0.5           3.2±0.6**           3.3±0.8            3.4±0.5
AS (IU/l)                                 52.5±28           51.8±28             77.5±53          99.0±58***        76.0±102           86.1±98            37.8±10           52.8±19
ALT (IU/l)                               26.3±14           32.3±25             49.6±41        61.3±38.9***       35.1±36            36.9±26            17.8±10           27.8±19
Total cholesterol (mg/dl)       178.1±52         160.4±60           150.8±59           140.3±45          178.2±67          174.0±72          149.8±40         141.4±39
BUN (mg/dl)                            14.7±5             13.9±5               17.7±7               16.1±6              16.4±7             18.2±12             19.2±5             20.3±7
Creatine (mg/dl)                      0.8±0.2          0.7±0.2**            0.9±0.3           0.8±0.3***          0.9±0.3             0.9±0.4             0.8±0.4            0.8±0.4
WBC (n/mm3)                        5,018.8±          7,537.5±            4,491.1±            5,520.5±           6,215.0±           5,700.8±           5,316.7±          5,816.7±
                                                  2,710              10,227                1,329                 6,407                2,358                1,738                1,613               2,667
Lymphocytes (n/mm3)        1,148.3±592   1,060.5±594     1,197.1±420      1,130.0±400     1,389.0±518     1,238.3±579     1,113.5±381    1,213.2±400
Monocytes (n/mm3)              395.2±169       361.4±191         335.9±130         307.1±142        487.3±228        425.7±175        379.5±236       109.2±40*
Platelets (×104/mm3)              18.9±14         15.4±12**            12.7±5             11.1±5**            16.7±8           14.2±6.4**          23.2±14          18.9±10*
Prothrombin time (%)            82.9±15           82.1±15             80.4±14             76.2±17            81.1±11           74.5±15*           88.2±12           87.7±12
AFP (ng/ml)                           38,736.9±        57,454.5±          37,798.7±          23,307.4±         10,039.6±         15,390.1±           39.5±76          77.0±162
                                                119,184           196,855           196,443.4           88,205.8             21,241             27,707.9
AFP-L3 (%)                            41.6±25           40.3±25             26.7±25          30.4±27***         36.3±26            37.4±25            15.8±18           18.2±25
DCP (AU/ml)                        27,708.7±       157,539.0±          7,523.9±           21,627.7±        21,884.8±5        30,912.6±          4,594.8±         22,910.7±
                                                 61,601            516,603              24,186           40,437****           3,207               60,049               8,180             45,695*

HBV: Hepatitis B virus; HCV: hepatitis C virus; non-ABC: non-HBV-/non-HCV liver cirrhosis with no alcohol exposure; AST: aspartate
transaminase; ALT: alanine aminotransferase; AFP: alpha-fetoprotein; alpha-fetoprotein-L3; BUN: blood urea nitrogen; DCP: des-gamma
carboxyprothrombin; Tx: sorafenib therapy; WBC: white blood cells. Significantly different from pre-therapy value at: *p<0.05, **p<0.01,
***p<0.001, ****p<0.0001.

Table III. Objective responses after sorafenib treatment for 4 weeks of
patients with liver cirrhosis and advanced hepatocellular carcinoma
according to etiology.

                                   CR           PR           SD           PD           Response 
                                                                                                     rate (%)

HBV n=22                   0               1             14              7                 4.5
HCV n=62                   0               5             39            18                 8.1
Alcoholic n=22            0               0               9            13                 0.0
Non-ABC n=10           0               0               8              2                 0.0

HBV: Hepatitis B virus; HCV: hepatitis C virus; non-ABC: non-HBV-
/non-HCV liver cirrhosis with no alcohol exposure; CR: complete
response, PR: partial response, SD: stable disease, PD: progressive
disease. Data are the number of patients.



Changes in Th1, Th2, and Treg cells according to the
etiology of LC. No significant changes in Th1, Th2 and Treg
cells were detected in the HBV group after sorafenib. In
contrast, a significant decrease in Th2 cells occurred in the
HCV group after sorafenib treatment (3.3±2% vs. 2.9±1%;
p=0.0496 by Wilcoxon’s signed-rank sum test), although
there were no significant changes in Th1 and Treg cells. No
significant changes in these cell types occurred in the alcohol
and non-ABC groups (Table V).

Changes in Th1, Th2, and Treg cells in the HCV group. We
further investigated the effects of sorafenib treatment on host
immunity in patients with aHCC with HCV-related LC (the

HCV group), because only these patients showed significant
changes in immune parameters in the above analyses. When
sorafenib was administered at 200 mg/day or 800 mg/day,
there were no significant changes after treatment with respect
to Th1 cells, Th2 cells, and Treg cells. However, in patients
receiving sorafenib at 400 mg/day, Th2 cells significantly
decreased after treatment (3.0±2% vs. 3.4±2%; p=0.0372 by
Wilcoxon’s signed-rank sum test), while there were no
significant changes in Th1 cells and Treg cells (Figure 1).
When the influence of the response to sorafenib was
assessed, no significant differences were noted in Th1 cells
or Treg cells after treatment according to response category.
Although Th2 cells decreased after sorafenib treatment, the
changes were not significant (Figure 2). In patients from the
HCV group classified as Child–Pugh class B, there were no
significant changes in Th1, Th2 or Treg cells with sorafenib
treatment. In patients classified as Child–Pugh class A, Th2
cells significantly decreased after sorafenib treatment
(3.1±1% vs. 3.5±2%; p=0.0366, by Wilcoxon’s signed-rank
sum test), although there were no significant changes in Th1
and Treg cells (Figure 3). In patients from the HCV group
with stage III disease or stage IVB disease, no significant
differences were noted in Th1, Th2 and Treg cells after
sorafenib treatment, although Th2 cells decreased after
treatment in both subgroups. In contrast, Th2 cells
significantly decreased after treatment (2.8±1% vs. 3.2±1%;
p=0.0494 by Wilcoxon’s signed-rank sum test) in patients
with stage IVA disease, although there were no significant
changes in Th1 cells and Treg cells (Figure 4).
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Table IV. Comparison of CD4-positive T-cells before and after sorafenib
treatment in patients with liver cirrhosis and advanced hepatocellular
carcinoma.

                                        Cell              Pre               Post             p-Value
                                        type             Tx, %           Tx, %

Dose of sorafenib
  200 mg/day                   Th1            24.8±8          24.7±8            0.8137
                                        Th2             3.2±1            2.9±1             0.4485
                                        Treg             9.8±2            9.1±3             0.3882
  400 mg/day                   Th1           26.2±10        25.8±12           0.2846
                                        Th2             3.8±2            3.5±2             0.0398
                                        Treg             8.9±3            9.1±3             0.9975
  800 mg/day                   Th1           24.1±13        23.4±15           0.5292
                                        Th2             4.1±3            4.1±2             0.4415
                                        Treg             8.1±2            8.3±3             0.8613
Response
  PR                                  Th1           28.2±18        28.8±21           0.6858
                                        Th2             3.9±2            3.6±2             0.4652
                                        Treg             8.9±3            8.7±4             0.7003
  SD                                 Th1           26.2±10        26.4±11           0.9869
                                        Th2             3.6±2            3.6±2             0.6191
                                        Treg             8.7±3            8.7±3             0.8365
  PD                                 Th1           25.1±10        24.2±11           0.1217
                                        Th2             4.0±2            3.7±2             0.0855
                                        Treg             9.4±3            9.2±3             0.6858
Child–Pugh class
  A                                    Th1           25.3±10        24.0±11           0.1145
                                        Th2             3.2±1            2.9±1            0.0493*
                                        Treg             9.8±2            9.1±3             0.8234
  B                                    Th1           27.4±12        28.6±13           0.7316
                                        Th2             3.8±2            3.5±2             0.3751
                                        Treg             8.9±3            9.1±3             0.0850
Stage
  IVA                                Th1           25.3±11        25.1±12           0.2467
                                        Th2             3.7±2            3.4±2            0.0174*
                                        Treg             8.9±3            9.0±3             0.9850
  IVB                                Th1            25.6±9         26.0±10           0.7226
                                        Th2             3.8±2            3.9±2             0.5131
                                        Treg             9.4±3            8.7±3             0.7112

Th1: CD4-positive T-cells [interferon-γ (IFNγ)+/interleukin 4(IL4)−];
Th2: CD4-positive T-cells (IFNγ−/IL-4+), Treg: CD4-positive T-cells
(CD25+/CD127−). Significantly different from pre-therapy value at:
*p<0.05.

Table V. Comparison of CD4-positive T-cells before and after sorafenib
treatment (Tx) in patients with liver cirrhosis and advanced
hepatocellular carcinoma according to etiology.

Etiology                           Cell              Pre               Post             p-Value
                                        type             Tx, %

HBV                                Th1           24.9±12        23.4±14           0.1578
                                        Th2             3.9±2            3.5±2             0.6980
                                        Treg             9.1±3            9.1±3             0.3794
HCV                                Th1           27.2±10        25.6±12           0.0886
                                        Th2             3.3±2            2.9±1             0.0496
                                        Treg             9.2±3            9.1±3             0.8655
Alcohol                            Th1            22.7±7          23.5±8            0.4811
                                        Th2             4.7±3            4.6±2             0.9518
                                        Treg             9.3±3            9.2±3             0.6874
Non-ABC                        Th1           25.8±11        25.9±10           0.4631
                                        Th2             3.6±2            4.0±1             0.8927
                                        Treg             7.9±2            8.3±2             0.6002

HBV: Hepatitis B virus; HCV: hepatitis C virus; non-ABC: non-HBV-
/non-HCV liver cirrhosis with no alcohol exposure; Th1: CD4-positive
T-cells [interferon-γ (IFNγ)+/interleukin 4(IL4)−]; Th2: CD4-positive 
T-cells (IFNγ−/IL-4+), Treg: CD4-positive T-cells (CD25+/CD127−).
Significantly different from pre-therapy value at: *p<0.05.
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Figure 2. Effects of sorafenib on host immunity as reflected by the
proportion of Th1 [interferon-γ (IFNγ)-positive interleukin 4 (IL4)-
negative] (A) and Th2 (IFNγ-negative/IL4-positive) (B), and regulatory
(Treg) (C) T-cells in peripheral blood in patients with advanced
hepatocellular carcinoma and hepatitis C virus-related liver cirrhosis
in relation to tumor response. There were no significant differences in
Th1 cells and Treg cells pre- and post-treatment in each response
category. There were also no significant changes in Th2 cells, although
Th2 cells decreased after treatment in each response category
(Wilcoxon’s signed-rank sum test). Data are the mean±standard
deviation. CR: Complete response, PR: partial response, SD: stable
disease, PD: progressive disease.

Figure 1. Effects of dose level of sorafenib on host immunity as reflected
by the proportion of Th1 [interferon-γ (IFNγ)-positive interleukin 4 (IL4)-
negative] (A) and Th2 (IFNγ-negative/IL4-positive) (B), and regulatory
(Treg) (C) T-cells in peripheral blood from patients with hepatitis C virus-
related liver cirrhosis and advanced hepatocellular carcinoma. At
sorafenib doses of 200 mg/day and 800 mg/day, no significant differences
were noted between pre- and post-treatment Th1 (A), Th2 (B), and Treg
(C) cell levels. At a dose of 400 mg/day, Th2 cells significantly decreased
after sorafenib treatment (*p=0.0372 by Wilcoxon’s signed-rank sum test),
while there were no differences in Th1 and Treg cells. Data are the
mean±standard deviation. 



Discussion

The present study demonstrated that the effects of sorafenib
on host immunity in patients with aHCC differed according
to the etiology of their underlying LC: We previously
reported that sorafenib treatment caused a decrease in
peripheral blood Th2 and Treg cells in patients with LC with
aHCC, which might induce Th1 dominance and prevent
tumor cells from escaping the host immune system (17).
However, we did not examine whether the etiology of LC
influenced the effects of sorafenib on host immunity in that
study. Therefore, we carried out the present investigation in
patients receiving sorafenib for aHCC who were stratified
according to the etiology of their underlying LC, and we
identified significant effects of sorafenib on host immunity
in patients with HCV-related LC: Th1 cells and Th2 cells
cross-regulate each other during development. It was
reported that cytokines released by Th2 cells inhibit
antitumor immunity (12), while Th1 cytokines promote
antitumor immunity (13-16). We previously demonstrated
that Th1 dominance is lost due to an increase in Th2 cells in
patients with HCC, and that carcinogenesis may be more
likely to occur in patients who have chronic HCV infection
and an increase in Th2 cells (21). We also previously
suggested that Th2 dominance might induce carcinogenesis
in patients with HCV-related LC, rather than carcinogenesis
leading to Th2 dominance (22). 

In the present study, we found that Th2 cells were
significantly reduced by sorafenib in patients with aHCC with
LC receiving treatment at a dose of 400 mg/day, patients with
Child–Pugh class A LC, and patients with stage IVA disease.
In particular, this change was significant in patients with
aHCC with HCV-related LC: Thus, liver injury in patients
with HCV-related LC with aHCC receiving sorafenib
treatment might be caused by inducing Th1 dominance from
Th2 dominance. Moreover, switching from Th2 dominance
to Th1 dominance by sorafenib treatment did not occur in
patients with HBV-related LC, patients with alcoholic LC, or
non-HBV-/non-HCV-related LC without alcohol exposure.
Sorafenib may not have affected host immunity in patients
with aHCC with alcoholic LC because of immunosuppression
due to continuation of alcohol drinking. However, it is
unclear why there was a different response of host immunity
to sorafenib between patients with aHCC with underlying LC
due to HBV or HCV infection. It was reported that the gene
expression profile of HCC differs between patients with HBV
and those with HCV infection (23, 24). In addition, the
histological severity of HCV-related liver disease is closely
correlated with the risk of HCC (25), while HCC occasionally
develops in healthy HBV surface antigen carriers who have
persistent HBV infection with normal liver function and no
necroinflammation (26). HBV X oncoprotein (HBx) has been
implicated in hepatocarcinogenesis mediated by HBV (27,

28), and its persistent high expression in the livers of
transgenic mice resulted in hyperplasia that led to HCC
without prior inflammation (29). Such differences between
HBV and HCV may help to explain why the response of host
immunity to sorafenib depends on the etiology of LC:
Proteomic analysis has shown that the heat-shock protein
(HSP) 70 family is overexpressed in HCC associated with
HCV infection compared with normal liver tissues (30), while
therapy using HSP70-expressing dendritic cells (DCs) was
shown to be both safe and feasible in patients with HCV-
related HCC (31). It was also reported that vaccination using
DCs co-pulsed with the HSP70/HBx antigen complex was an
effective immunotherapy strategy for HBV-related HCC (32).
Sorafenib treatment might normalize DCs in patients with
aHCC with HCV-related LC: In addition, the different
responses of host immunity to sorafenib in patients with
HBV-or HCV-related HCC in the present study might be
related to differences in DC number or function. However, it
is unknown whether there are differences in the effects of
sorafenib on DCs between patients with aHCC with HBV-or
HCV-related LC, and we were unable to examine this point
in the present study. 

Zhao et al. demonstrated that sorafenib inhibited T-cell
proliferation and induced T-cell apoptosis, and they
suggested that it may interfere with T-cell-related immunity
by inducing apoptosis (33). We have also reported that
sorafenib treatment can promote tumor necrosis factor
(TNF)-related or FAS-related apoptosis by increasing the
circulating level of TNFα or reducing that of soluble FAS
(34). Furthermore, Hipp et al. reported that sorafenib
significantly reduced the induction of antigen-specific 
T cells, impaired intracellular signaling cascades in DCs, and
induced apoptosis of DCs. They concluded that sorafenib
interferes with the maturation and functioning of monocyte-
derived DCs (35). Kohga et al. demonstrated that a
disintegrin and metalloproteinase 9 (ADAM9) was
overexpressed in human HCC tissues, while ADAM9
knockdown increased the expression of membrane-bound
major histocompatibility complex class I-related chain A
(MICA), reduced production of soluble MICA, and increased
the sensitivity of human HCC cells to natural killer cells.
They also indicated that sorafenib enhanced the sensitivity
of HCC to natural killer cells via inhibition of ADAM9
protease activity and modification of MICA expression (36).
However, it is unclear how sorafenib affects MICA
expression. It is also unknown whether the effects of
sorafenib on ADAM9 differ in patients with aHCC with
HBV-related or HCV-related LC, and we did not address this
issue in the present study.

In conclusion, our results indicate that sorafenib treatment
might induce Th1 dominance by reducing Th2 cells in patients
receiving a dose of 400 mg/day, patients with Child–Pugh
class A LC, and patients with stage IVA HCC: Sorafenib may
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Figure 4. Effects of sorafenib on host immunity as reflected by the
proportion of Th1 [interferon-γ (IFNγ)-positive interleukin 4 (IL4)-
negative] (A) and Th2 (IFNγ-negative/IL4-positive) (B), and regulatory
(Treg) (C) T-cells in peripheral blood in patients with advanced
hepatocellular carcinoma and hepatitis C virus-related liver cirrhosis in
relation to the tumor stage. In patients with stage III or stage IVB disease,
there were no significant changes in Th1 cells and Treg cells pre and post
sorafenib treatment, although Th2 cells decreased after treatment in both
groups. In patients with stage IVA disease, Th2 cells showed a significant
decrease after sorafenib treatment (*p=0.0494 by Wilcoxon’s signed-rank
sum test), although there were no significant changes in Th1 cells and
Treg cells. Data are the mean±standard deviation. 

Figure 3. Effects of sorafenib on host immunity as reflected by the
proportion of Th1 [interferon-γ (IFNγ)-positive interleukin 4 (IL4)-
negative] (A) and Th2 (IFNγ-negative/IL4-positive) (B), and regulatory
(Treg) (C) T-cells in peripheral blood in patients with advanced
hepatocellular carcinoma and hepatitis C virus-related liver cirrhosis
in relation to the Child-Pugh class. In patients from Child-Pugh class
B, there were no significant differences between pre- and post-sorafenib
treatment levels of Th1, Th2, and Treg cells. In patients from Child–
Pugh class A, Th2 cells showed a significant decrease after sorafenib
treatment (*p=0.0366 by Wilcoxon’s signed-rank sum test), although
there were no significant changes in Th1 cells or Treg cells. Data are
the mean±standard deviation. 



prevent tumor cells from escaping the host immune system in
patients with aHCC with HCV-related LC, although it does
not seem to have this effect in patients with LC of other
etiologies. However, it is still unclear whether the effects of
sorafenib on host immunity differ between patients with
aHCC with HBV-or HCV-related LC: Further studies will be
needed to assess the influence of sorafenib on DCs and
ADAM9 expression in patients with aHCC with LC, as well
as the relation between host immunity and HBx or MICA.
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