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Abstract

Background: Therapeutic effect and immunosuppressor cell alteration in adding

transcatheter arterial chemoembolization (TACE) to sorafenib for advanced stage

hepatocellular carcinoma (HCC) remain unclear.

Aims: To examine the therapeutic effect and immunosuppressor cell alteration in

adding TACE to sorafenib.

Methods: Forty-four advanced stage HCC patients were divided into group A (n = 17)

treated by sorafenib (400-600 mg/day) alone and group B patients (n = 27) treated by

sorafenib and TACE. The frequency of regulatory T-cells and myeloid-derived suppressor

cells (MDSC), and patients' outcomes were examined. Advanced HCC patients' survival

was improved by adding TACE to sorafenib if N/Lwas reduced from ≥2.5 to <2.5 by TACE.

Results: The median (interquartile) follow-up for all patients was 8.5 (3.5 to 15.5) with a

range from 1 to 71 months. The median (interquartile) survival was 5.0 (2.3-11.3)

months for group A and 11.0 (5.0-19.0) months for group B patients (P = .024). In

group A, the patients (n = 8) with neutrophil-to-lymphocytes ratio (N/L) < 2.5 had better

survival than the patients (n = 9) with N/L ≥ 2.5 (P = .006). In group B, 6 of 13 patients

with N/L ≥ 2.5 had N/L reduction to <2.5 after combination therapy of sorafenib and

TACE, and their 6-month, 1-year and 2-year survival were improved (P = .013). For

immune cell examination, the frequency of CD4+ and CD8+ T-lymphocytes, regulatory

T-cell and MDSC were not altered by sorafenib treatment. However, actual number of

lymphocytes had a tendency to increase (from 978.5 ± 319.4/mm3 prior to treatment

to 1378.0 ± 403.3/mm3, P = .086) for the patients with N/L reduction.

Conclusion: Immunosuppressor cells were not altered by sorafeinb. Patients' survival

was improved if N/L ≥ 2.5 was reduced to <2.5 by TACE.

Abbreviations: BCLC, Barcelona Clinic Liver Cancer; HCC, hepatocellular carcinoma; MDSC, myeloid-derived suppressor cell; N/L, neutrophil-to-lymphocytes ratio; TACE, transcatheter arterial

chemoembolization; Treg, regulatory T-cell.
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1 | INTRODUCTION

Hepatocellular carcinoma (HCC) is the most common primary malig-

nant tumor in the liver. HCC in early stage is silent and difficult to be

found unless the patients with chronic liver diseases are regularly

screened for liver tumors. Therefore, HCC may be already in advanced

stage once upon the tumors are found. Even HCC is found in early

stage and treated by liver resection or radiofrequency ablation, HCC

is easy to recur and progress into advanced stage.1,2 Therefore, HCC

is the fifth most common malignancy in the world, but is the third

common cause of cancer death.3,4 How to treat advanced stage HCC

and prolong patients' survival is more crucial than the treatments for

early stage HCC.

When HCC is advanced with portal vein thrombus or extrahe-

patic spread and patients' Eastern Cooperative Oncology Group

(ECOG) performance status is 1-2, systemic treatment is rec-

ommended in accordance with Barcelona Clinic Liver Cancer (BCLC)

staging and treatment strategy.5 In Hong Kong cancer staging, HCC

with portal vein thrombus or extrahepatic spread is stage IVa and

the therapy is the same as BCLC staging.6 Sorafenib is the first

molecular targeting drug approved to treat advanced stage HCC. In

the Sharp and the Asia-Pacific randomized clinical trials, sorafenib

was applied to treat advanced stage HCC and overall survival could

be prolonged for 2.7-2.8 months.7,8 However, the median overall

survival time in these two studies was only 6.5-10.7 months. How to

further prolong survival of advanced stage HCC patients is

challenging.

Multimodality therapy may be one of the options for advanced

stage HCC treatment. Based on intension-to-treat, advanced stage

HCC patients may receive sorafenib or immunotherapy for systemic

treatment and transcatheter arterial chemoembolization (TACE) for

intra-liver tumor local treatment.9-11 Radiotherapy may also be

added for intravascular tumor-thrombus treatment. Whether local

therapy such as TACE yields clinical benefit for advanced stage HCC

remains to be determined.

Immunity is known to be important for cancer treatment.

Alternation of immune system in the patients with large HCC

tumor burden is already known. CD4+CD25+Foxp3+ regulatory T

(Treg) cells are immunosuppressive cells and stay in cancer 12,13.

HLA-DR−CD33+ myeloid-derived suppressor cells (MDSC) is

another immunosuppressive cell of myeloid origin and character-

ized by production of reactive oxygen, nitrogen species and argi-

nase I to suppress immunity.14-16 In this study, we would examine

the alteration of immune cells and clinical outcomes while

advanced stage HCC was treated by sorafenib with or

without TACE.

2 | PATIENTS AND METHODS

2.1 | Patients and treatments

Forty four patients who had advanced stage HCC with main por-

tal vein thrombus, hepatic vein thrombus, inferior vena cava (IVC)

thrombus or extrahepatic metastasis were included. All the

patients received sorefenib (400-600 mg/day) for systemic treat-

ment. TACE was applied to treat the patients whose tumor bur-

den in the liver remained large. Radiotherapy was applied to

treat the patients whose tumors formed thrombus in main portal

vein, hepatic vein or IVC. Blood samples from these advanced

HCC patients were taken for immune cell analysis prior to

sorafenib treatment and 1 month after sorafenib administration.

All the patients signed informed consent of providing blood sam-

ples for immune cell analysis and clinical research. Clinical char-

acteristics of these patients were recorded, including age, gender,

liver function and white blood cell count. The patients were

divided into two groups: group A, the patients treated by

sorafenib without TACE; group B, the patients treated by

sorafenib with TACE. This study was confirmed to the ethical

guidelines of the 1975 Declaration of Helsinki and was approved

by institutional review board of Chang-Gung Memorial Hospital

(IRB No. 101-3552B).

2.2 | Phenotypic analysis of immune cells

Ten milliliters of peripheral blood was drawn prior to sorafenib

treatment and 1 month after sorafenib administration. Peripheral

blood monocytes (PBMC) were isolated by Ficoll-Hypaque

(GE Healthcare, Uppsala, Sweden) density centrifugation. The phe-

notypic analysis of immune cells was performed by flow cytometry

after the cells were stained with fluorescence-conjugated monoclo-

nal antibodies. The surface monoclonal antibodies included anti-CD4

(RPA-T4 clone; PharMingen, San Diego, California) anti-CD8 (RPA-

T8 clone; PharMingen), anti-CD33 (WM 53 clone, PharMingen),

anti-HLA-DR (TU36 clone, PharMingen), anti-CD40 (5C3 clone,

PharMingen) and anti-CD86 (FUN-1 clone, PharMingen). The intra-

cellular Foxp3 was stained by fluorescence-conjugated rat anti-

human foxp3 (eBioscience, San Diego, California). The expression of

these molecules was analyzed by cytofluorography employing a

Beckman Coulter NAVIOS flow cytometer (Beckman Coulter Co.,

Indianapolis, Indiana). Regulatory T-cells were identified as positive

for CD4 and foxp3. MDSC was identified as positive for CD33 and

negative for HLA-DR.
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2.3 | Intracellular cytokine staining

Brefeldin A (5 μg/mL) was added into the in vitro culture of PBMC for

4 hours. The cell was fixed by 2% paraformaldehyde and perme-

abilized by saponin (0.5%). Intracellular cytokine was analyzed by

cytofluorography employing a Beckman Coulter NAVIOS flow

cytometer (Beckman Coulter Co.) after the intracellular cytokine was

stained by PE-conjugated mouse anti-human IFN-γ (1/50×;

PharMingen).

2.4 | TACE

Under adequate local anesthesia, an angiographic sheath was inserted

into right femoral artery as a working channel for angiographic catheter.

The angiographic catheter was threaded into celiac trunk and common

hepatic artery to perform angiographic study of liver tumors. Then,

the tumor-located segmental arteries were cannulated super-

selectively with 3 French coaxial micro-catheter and embolized by

emulsion of lipiodol mixed with 10-20 mg adriamycin (20 mg epi-

rubicin) or elution beads loading with adriamycin. TACE was per-

formed every 2-3 months unless the liver function was deteriorated

to Child-Pugh score >8 or the tumors were already well-embolized.

2.5 | Survival time

The patients were followed up at outpatient clinic every month after

sorafenib was prescribed. Dynamic computed tomography (CT) of the

liver was performed every 3 months to see the tumor status. Overall

TABLE 1 The characteristics of the patients received sorafenib with or without TACE

Sorafenib Sorafenib with TACE P

Number of patients 17 27

Gender (M/F) 15/2 23/4 1.000

Age (IQ)(range) 60 (53-65.5) (35-760) 59 (51-62) (38-78) .649

Child classification 1.000

A 16 26

B 1 1

hepatitis .359

B 13 19

C 3 2

B + C 1 3

N 0 3

Radiotherapy (yes/no) 6/11 16/11 .216

Tumor status

Number 2.7 ± 2.0 3.4 ± 2.2 .489

Diameter (cm) 6.5(3.4-12.5) (2-15) 6.2(3.5-13.5)(1.8-14.2) 1.000

Lung metastasis 9 (52.9%) 12 (44.4%) .811

PVT 5 (29.4%) 11 (40.7%) .611

LN metastasis 1 (11.8%) 2 (7.4%) .634

HVT + IVCT 3 (17.6%) 2 (7.4%) .359

Carcinomatasis 1 (5.9%) 2 (7.4%) 1.000

Neutrophil (%) [median(IQ)(range)]

Before treatment 63.9(52-69.6)(44.3-80.7) 65.8(57.6-73.4)(42.6-84.9) .596

Post-treatmenta 67.7(54.2-72.2)(41.4-90.7) 64.7(57.8-73.5)(45.2-93.0) .789

Lymphocytes (%)

Before treatment 24.3(21.5-36.3)(11.5-47.3) 20.3(15.9-34.2)(7.3-46.8) .394

Post-treatmenta 19.5(16.0-32.6)(4.6-45.2) 23.0(13.4-33.2)(4.3-42.2) .803

N/L

Before treatment 2.72(1.43-3.19)(0.94-7.02) 3.29(1.66-4.53)(0.92-11.63) .394

Post-treatmenta 3.50(1.58-3.86)(0.92-19.72) 3.00(1.51-5.63)(0.21-21.6) .978

Abbreviations: HVT, hepatic vein thrombus; IQ, interquartile; IVCT, inferior vena cava thrombus; LN, lymph node; N, negative for hepatitis B and C; N/L,

neutrophil-to-lymphocyte ration; PVT, portal vein thrombus; TACE, transcatheter arterial chemoembolization.
aOne month after treatment.
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survival was measured from the date of sorafenib prescribed to date

of last following up or patients' death.

2.6 | Biostatistics analysis

Comparisons of categorical variables were determined by the χ2 tests.

Significance of differences between groups was determined by an

unpaired or paired Student's t test. Overall survival rates after pre-

scription of sorafenib were calculated using the Kaplan-Meier method

and comparison between groups was performed through log-rank

test. The statistical analyses were all performed with SigmaPlot 12.3

software for Windows (Systat Software, Inc., San Jose, California).

P value below .05 was considered to be significantly different.

3 | RESULTS

3.1 | Patients

Forty four patients who received sorafenib (400-600 mg/day) treatment

were included in this study. These 44 patients were divided into group A

patients (n = 17) who had sorafenib systemic treatment only, and group

B patients (n = 27) who had sorafenib systemic treatment combined with

TACE. In group A, 15 (88.2%) patients were male and 16 (94.1%)

patients' liver function was in Child A classification. In group B,

25 (92.6%) patients were male and 26 (96.3%) patients' liver function

was in Child A classification. Patients' age between group A and B was

not different. Most of the patients in group A and B were infected with

hepatitis B or C (Table 1). Six patients in group A and 16 patients in group

B had additional radiotherapy for right portal vein, left portal vein or IVC

thrombus with a dosage ranging from 2000 to 5100 centigray.

3.2 | Survival rates for group A and B patients

The median (interquartile) follow-up for all patients was 8.5 (3.5 to 15.5)

months with a range from 1 to 71 months. The median (interquartile)

survival was 5.0 (2.3-11.3) months for group A patients, and 11.0

(5.0-19.0) months for group B patients (P = .024). When the survival was

calculated using the Kaplan-Meier method, the 3-month, 6-month,

1-year and 2-year survival rates were 64.7%, 41.2%, 11.8% and 0%,

respectively, for group A patients, and 85.2%, 70.4%, 44.4% and 14.8%,

respectively, for group B patients (P = .013, Figure 1). This result showed

that the patients treated by a combination of sorafenib and TACE had

better survival rate than the patients treated by sorafenib alone.

3.3 | Survival rates in accordance with neutrophil
to lymphocyte ratio

In this study, 2.5 of N/L was applied as the cutoff point to further divide

group A and B patients into subgroups.17 In group A patients, 8 patients

had N/L < 2.5 and 9 patients had N/L ≥ 2.5 prior to sorafenib treatment.

After 1 month of sorafenib treatment, N/L was not altered in these

patients. The patients with N/L < 2.5 prior to treatment had much better

prognosis than the patients with N/L ≥ 2.5. The 3-month, 6-month,

1-year and 2-year survival for the patients with N/L < 2.5 were 87.3%,

62.5%, 25.0% and 0%, respectively, compared to 44.4%, 22.2%, 0%

and 0% for the patients with N/L ≥ 2.5 (P = .006, Figure 2A). In

group B patients, 14 patients had N/L < 2.5 and 13 patients had

N/L ≥ 2.5 prior to sorafenib treatment. The 3-month, 6-month,

1-year and 2-year survival for the 14 patients with N/L < 2.5 were

92.9%, 85.7%, 42.9% and 14.3%, respectively, compared to 76.9%,

53.8%, 46.2% and 15.4% for the 13 patients with N/L ≥ 2.5

(P = .766, Figure 2B). This result showed that the survival rates were

not different between the patients with N/L < 2.5 or N/L ≥ 2.5 in

group B patients. When the survival rates of the patients with

N/L < 2.5 in group A and B were compared, the survival rates were

not different between group A and B patients (Figure 2C, P = .765).

But, when the patients with N/L ≥ 2.5 in group A and B were com-

pared, the 3-month, 6-month, 1-year and 2-year survival in group A

patients with N/L ≥ 2.5 were worse (Figure 2C, P < .001).

3.4 | Clinical significance of neutrophil to
lymphocyte ratio reduction

To determine why the patients with N/L ≥ 2.5 in group B had a better

survival than the patients with N/L ≥ 2.5 in group A, the alternation of
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F IGURE 1 Kaplan–Meier survival curve of the patients treated by
sorafenib with or without TACE. The 3-month, 6-month, 1-year and
2-year survival rates were 64.7%, 41.2%, 11.8% and 0% for the
patients treated by sorafenib without TACE and 85.2%, 70.4%, 44.4%
and 14.8% for the patients treated by sorafenib with TACE,
respectively (P = .013)
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N/L after treatment was investigated. There were no patients having

N/L reduction after one-month administration of sorafenib in group

A. In the other hand, there were 6 of 13 patients having N/L reduction

to below 2.5 after combination therapy of sorafenib and TACE in

group B. The 3-month, 6-month, 1-year and 2-year survival for these

6 patients in group B were 83.3%, 83.3%, 66.7% and 33.3%,

respectively, which were much better than 57.1%, 28.6%, 14.3% and

0%, respectively, for the other 7 patients without N/L reduction

(P = .013, Figure 3). Therefore, the patients with N/L ≥ 2.5 in group B

having better survival than in group A was due to 46.2% of group B

patients having N/L reduction after sorafenib combined with TACE

treatment.

Months

0 5 10 15 20 25 30

S
u
rv

iv
a

l (
x1

0
0

%
)

0.0

0.2

0.4

0.6

0.8

1.0

N/L < 2.5
N/L >2.5

p = 0.006

months

0 20 40 60 80

S
u
rv

iv
a

l (
x1

0
0

%
)

0.0

0.2

0.4

0.6

0.8

1.0

N/L <2.5
N/L >2.5

p = 0.766

(A) (B)

Months

0 20 40 60 80

S
u
rv

iv
a

l (
x1

0
0

%
)

0.0

0.2

0.4

0.6

0.8

1.0
Sorafenib N/L<2.5
Sorafenib N/L >2.5
Sorafenib+TACE N/L<2.5

Sorafenib+TACE N/L >2.5

p <0.001

(C)

F IGURE 2 Kaplan–Meier survival curve of the patients based on neutrophil-to-lymphocyte ratio. A, For the patients in group A treated by
sorafenib, the 3-month, 6-month, 1-year and 2-year survival for the patients with N/L < 2.5 were 87.3%, 62.5%, 25.0% and 0%, respectively,
compared to 44.4%, 22.2%, 0% and 0% for the patients with N/L ≥ 2.5 (P = .006). B, For the patients in group B treated by sorafenib with TACE,

the 3-month, 6-month, 1-year and 2-year survival for the patients with N/L < 2.5 were 92.9%, 85.7%, 42.9% and 14.3%, respectively, compared
to 76.9%, 53.8%, 46.2% and 15.4% for the patients with N/L ≥ 2.5 (P = .766). C, Taking together, the survival rate was worst in the group A
patients with N/L ≥ 2.5 (P < .001). The survival rates were not different among the patients in group A with N/L < 2.5, in group B with N/L < 2.5,
and in group B with N/L ≥ 2.5 (P = .860)

LEE ET AL. 5 of 8



3.5 | Effects of sorafenib with or without TACE on
immune cells

To determine whether sorafenib had effects on immune cells, PBMC

from group A and B patients prior to treatment and after treatment

was analyzed by flow cytometry. The results showed that the fre-

quency of CD4+, CD8+, CD4+IFN+ and CD8+IFN+ T-lymphocytes

were not different between prior to sorafenib treatment and after

sorafenib treatment. The frequency of immunosuppression cells,

regulatory T-cell and MDSC, were not different prior to and after

treatment, either. The expression of costimulatory molecules on

antigen-presenting cells were not changed. (Table 2) Taking

together, sorafenib with or without TACE did not change the fre-

quency of immune cells. Further, we examined the actual number of

lymphocytes prior to treatment and after treatment for group B

patients with N/L ≥ 2.5. These patients were divided into post-

treatment N/L reduction and non-reduction groups. The results

showed that the actual number of lymphocytes were not different

between reduction and non-reduction groups prior to treatment

(978.5 ± 319.4 vs 885.5 ± 492.0/mm3, P = .703). After treatment,

the actual number of lymphocytes had a tendency to increase in

N/L reduction group (from 978.5 ± 319.4/mm3 to 1378.0 ± 403.3/

mm3, P = .086), and to decrease in non-reduction groups (from

885.5 ± 492.0/mm3 to 568.5 ± 220.1/mm3, P = .059). Therefore,

the patients with N/L reduction after treatment had higher actual

number of lymphocytes than the patients without N/L reduction

(1378.0 ± 403.3/mm3 vs 885.5 ± 492.0/mm3, P = .002).

4 | DISSCUSSION

Treatment for advanced stage HCC is difficult and challenging. Sys-

temic treatment is recommended in accordance with BCLC staging

and therapeutic strategy for advanced stage HCC. Sorafenib is the
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F IGURE 3 Kaplan-Meier survival curve of the patients with
neutrophil-to-lymphocyte ratio reduction. Among the 13 patients
N/L ≥ 2.5 in group B, 6 (46.2%) patients had N/L reduction after
combination therapy of sorafenib and TACE. The 3-month, 6-month,
1-year and 2-year survival for these 6 patients were 83.3%, 83.3%,
66.7% and 33.3%, respectively, compared to 57.1%, 28.6%, 14.3%
and 0%, respectively, for the other 7 patients (P = .013)

TABLE 2 The alteration of immune cells after sorafenib with or
without TACE treatment

Sorafenib
[mean ± SD
or median(IQ)] P

Sorafenib
+ TACE
[mean ± SD
or median(IQ)] P

CD4+ T-cell (%) .714 .744

Pre-treatment 39.2 ± 12.8 34.1 ± 12.6

Post-treatment 38.4 ± 11.3 34.6 ± 11.8

CD8+ T-cell (%) .708 .362

Pre-treatment 24.6 ± 8.3 24.4 ± 9.4

Post-treatment 25.3 ± 7.7 27.1 ± 12.3

CD86 (%) .736 .122

Pre-treatment 20.73 ± 15.89 22.36 ± 16.32

Post-treatment 23.81 ± 12.28 17.91 ± 12.05

Regulatory T-cell (%) .097 .820

Pre-treatment 3.24 ± 2.58 3.84 ± 7.45

Post-treatment 6.02 ± 5.57 3.09 ± 2.97

MDSC (%) .097 .773

Pre-treatment 3.18 (1.52-7.44) 3.90 (1.80-7.31)

Post-treatment 4.15 (2.36-8.40) 3.72 (1.83-7.60)

CD4+IFN-γ+ (%) 1.000 .077

Pre-treatment 4.08 (1.87-6.09) 2.41 (1.06-5.33)

Post-treatment 3.54 (0.08-9.08) 1.68 (0.21-3.74)

CD8+IFN-γ+ (%) .257

Pre-treatment 10.87 ± 13.15 .361 5.63 ± 7.05

Post-treatment 9.85 ± 6.68 5.54 ± 4.64

Abbreviations: IFN, Interferon; IQ, interquartile; MDSC, myeloid-derived

suppressor cell; SD, standard deviation; TACE, transcatheter arterial

chemoembolization.

Advanced HCC with Sorafenib treatment 

N/L < 2.5

N/L < 2.5

N/L ≥ 2.5

N/L ≥ 2.5N/L ≥ 2.5 N/L < 2.5

Sorafenib

Sorafenib Sorafenib

Add TACE

(poor prognosis)(better prognosis)

F IGURE 4 The treatment strategy scheme for advanced
stage HCC
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first systemic molecular target therapy recommended to treat

advanced stage HCC patients because sorafenib could prolong

patients' survival for 2.3-2.8 months in phase III ramdomized trials.7,8

TACE is not recommended at this stage because locoregional treat-

ment is not recognized as an effective treatment for advanced stage

HCC which is recognized as a systemic disease rather than local

tumors. However, TACE is applied as the first-line treatment in nearly

50% of advanced stage HCC patients in real world clinical practice.18

Furthermore, locoregional treatment of tumors to decrease tumor

burden may alleviate the tumor effects on hosts' immunity and main-

tain anti-tumor immunity. This may have clinical benefits for the

patients. In a meta-analysis study, TACE improved 6-month and

1-year survival for advanced stage HCC patients who had portal vein

thrombus.19 Therefore, we remain selectively to perform TACE for

advanced stage HCC patients who still had large tumor-burden in the

liver.

Sorafenib combined with TACE was a more effective treatment

than sorafenib alone. In this study, the patients receiving the com-

bination treatment of sorafenib and TACE had a better survival rate

than the patients treated with sorafenib alone. The median survival

was prolonged from 5 months to 11 months and 14.8% of the

patients survived for more than 2 years. In a phase III randomized

STAH study conducted by Dr Part, et al., advanced stage HCC was

treated by sorafenib with or without TACE.20 During study period,

there were no difference in median survival for the patients treated

by sorafenib alone or combined with TACE although the patients

treated by combination of sorafenib and TACE had better time-to-

progression survival. However, in post hoc follow-up, the patients

treated by combination of sorafenib and TACE had a better median

overall survival than the patients treated with sorafenib alone. This

implied that TACE brought survival benefits to advanced stage

HCC patients even distant metastasis or portal vein thrombus

existed.

Nevertheless, TACE is an invasive procedure and patients may be

suffered from the adverse effects of TACE. Because advanced stage

HCC patients are already sick, it is better to choose patients who may

get benefits from TACE to perform TACE. In accordance with the

results of this study, there were no survival difference between group

A and group B patients whose N/L was <2.5; that is, TACE in group B

patients with N/L <2.5 did not showed clinical benefits. For the

patients with N/L ≥2.5 prior to treatment, there was no patients in

group A having N/L reduction after a-month of sorafenib treatment;

in the other hand, almost half of the patients in group B had N/L

reduction and their survival was improved. Undoubtedly, TACE can be

applied to advanced stage HCC patients whose N/L was ≥2.5, and the

survival will be improved if N/L can be reduced. The suggested treat-

ment strategy is showed in Figure 4.

Neutrophil to lymphocyte ratio (N/L) could be applied as a predic-

tor of prognosis and a guidance of performing TACE for advanced

stage HCC patients. When 2.5 of N/L was employed as the cutoff

point for HCC patients,17 the patients in group A with N/L below 2.5

had significantly better survival rate than the patients with

N/L ≥ more than 2.5. In group B patients, 6 (46.2%) patients with high

levels of N/L had N/L reduction after combination therapy of

sorafenib and TACE, and their survival was improved. N/L reflects the

systemic inflammation status. Chronic inflammation is a risk factor of

cancers and also a significant component of tumor progresssion.21,22

The development of HCC are frequently related to hepatitis B, hepati-

tis C or alcohol-associated inflammation or cirrhosis. As anti-cancer

immunity is mainly mediated by T-lymphocytes, N/L may be used as a

surrogate of hosts' immunity. In the literature, N/L was reported as a

predictor of prognosis of hepatectomy for HCC, liver transplantation

for HCC or even other treatments for HCC.23-25 This study confirmed

that reduction of N/L from high levels could be employed as a well

sign to indicate the treatment efficacy of sorafenib combined

with TACE.

Anti-cancer immunity is a complicated network of immune cells

to combate tumors. In this study, T-lymphocytes, immunosuppressor

cells and the expression of costimulatory molecules on antigen-

presenting cells were analyzed. The results clearly showed the

sorafenib did not change the percentages of CD4+ T-cells, CD8+

T-cells, regulatory T-cells and myeloid-derived suppressor cells in

peripheral blood. When TACE was applied to treat the patients, the

percentages of CD4+ T-cells, CD8+ T-cells, regulatory T-cells and

myeloid-derived suppressor cells were not significantly changed,

either. However, for the patients with reduction of high N/L, the total

number of lymphocytes was increased and the prognosis was

improved. This implied that total population of T-lymphocytes was

very important to control the diseases.

The limitation of this study was the small number of the patients

and wide variety of the patients. However, it is a real world data and

clearly shows sorafenib combined with TACE is better than sorafenib

alone, particularly for the patients with N/L ≥ 2.5.

In conclusion, cutoff value 2.5 of N/L can be used as a surro-

gate of prognosis for advanced stage HCC. Adding TACE to

sorafenib treatment for advanced stage HCC patients yields an

improvement of patients' survival when the patients had N/L

reduction from N/L ≥ 2.5. Although sorefenib and TACE did not

change the distribution of immune cells in the patients with

advanced stage HCC, decrease of tumor burden by TACE may have

the chance to reduce N/L, increase the number of T-lymphocytes,

and improve prognosis.

ACKNOWLEDGEMENTS

This study was supported by Research Grant of Chang-Gung Memo-

rial Hospital CMRPG3C1313.

AUTHOR CONTRIBUTIONS

Wei-Chen Lee: Conceptualization; writing-original draft; writing-

review and editing. Hao-Chien Hung: Formal analysis; investigation.

Jin-Chiao Lee: Data curation; investigation. Yu-Chao Wang: Data

curation; investigation. Chih-Hsien Cheng: Investigation; methodol-

ogy. Tsung-Han Wu: Formal analysis; investigation. Chen-Fang Lee:

Investigation; methodology. Ting-Jung Wu: Formal analysis; investiga-

tion. Hong-Shiue Chou: Formal analysis; investigation. Kun-Ming

Chan: Formal analysis; investigation; methodology.

LEE ET AL. 7 of 8



CONFLICT OF INTEREST

There is no conflict of interest among authors.

ETHICS STATEMENT

All the patients signed informed consent of providing blood samples

for immune cell analysis and clinical research. This study was con-

firmed to the ethical guidelines of the 1975 Declaration of Helsinki

and was approved by institutional review board of Chang-Gung

Memorial Hospital (IRB No. 101-3552B).

DATA AVAILABILITY STATEMENT

The data that support the findings of this study are available from the

corresponding author, W.-C. Lee, upon reasonable request.

ORCID

Wei-Chen Lee https://orcid.org/0000-0002-8627-1324

REFERENCES

1. Lee W-C, Jeng L-B, Chen M-F. Estimation for prognosis after hepa-

tectomy for hepatocellular carcinoma. Br J Surg. 2002;89:311-316.

2. Yang B, Zou J, Xia J, et al. Risk factors for recurrence of small hepato-

cellular carcinoma after long-term follow-up of percutaneous radio-

frequency ablation. Eur J Radiol. 2011;79(2):196-200.

3. Tinkle CL, Haas-Kogan D. Hepatocellular carcinoma: natural history, cur-

rent management, and emerging tools. Biol Targets Ther. 2012;6:207-219.

4. Sherman M. Hepatocellular carcinoma: epidemiology, surveillance,

and diagnosis. Semin Liver Dis. 2010;30(1):3-16.

5. Forner A, Reig M, Bruix J. Hepatocellular carcinoma. Lancet. 2018;

391(10127):1301-1314.

6. Tellapuri S, Sutphin PD, Beg MS, Singal AG, Kalva SP. Staging systems

of hepatocellular carcinoma: a review. Indian J Gastroenterol. 2018;37

(6):481-491.

7. Llovet JM, Ricci S, Mazzaferro V, et al. Sorafenib in advanced hepato-

cellular carcinoma. NEJM. 2008;359:378-390.

8. Cheng A-L, YKang o-K, Chen Z, et al. Effi cacy and safety of sorafenib

in patients in the Asia-Pacific region with advanced hepatocellular

carcinoma: a phase III randomised, double-blind, placebo-controlled

trial. Lancet Oncol. 2009;10(1):25-34.

9. Wörns M-A, Galle PR. Immune oncology in hepatocellular

carcinoma—hype and hope. Lancet. 2017;389(10088):2448-2449.

10. Raoul JL, Sangro B, Forner A, et al. Evolving strategies for the man-

agement of intermediate-stage hepatocellular carcinoma: available

evidence and expert opinion on the use of transarterial

chemoembolization. Cancer Treat Rev. 2011;37(3):212-220.

11. El-Khoueiry AB, Sangro B, Yau T, et al. Nivolumab in patients with

advanced hepatocellular carcinoma (CheckMate 040): an open-label,

non-comparative, phase 1/2 dose escalation and expansion trial. Lan-

cet. 2017;389(10088):2492-2502.

12. Menetrier-Caux C, Gobert M, Caux C. Differences in tumor regula-

tory T-cell localization and activation status impact patient outcome.

Cancer Res. 2009;69(20):7895-7898.

13. Mills KH. Designer adjuvants for enhancing the efficacy of infectious

disease and cancer vaccines based on suppression of regulatory T cell

induction. Immunol Lett. 2009;122(2):108-111.

14. Gabrilovich DI, Nagaraj S. Myeloid-derived suppressor cells as regula-

tors of the immune system. Nat Rev Immunol. 2009;9(3):162-174.

15. Youn JI, Gabrilovich DI. The biology of myeloid-derived suppressor

cells: the blessing and the curse of morphological and functional het-

erogeneity. Eur J Immunol. 2010;40(11):2969-2975.

16. Ostrand-Rosenberg S. Myeloid-derived suppressor cells: more mech-

anisms for inhibiting antitumor immunity. Cancer Immunol Immunother

CII. 2010;59(10):1593-1600.

17. Hung HC, Lee JC, Cheng CH, et al. Impact of neutrophil to lympho-

cyte ratio on survival for hepatocellular carcinoma after curative

resection. J Hepatobiliary Pancreat Sci. 2017;24(10):559-569.

18. Park JW, Chen M, Colombo M, et al. Global patterns of hepatocellular

carcinoma management from diagnosis to death: the BRIDGE study.

Liver Int. 2015;35(9):2155-2166.

19. Xue TC, Xie XY, Zhang L, Yin X, Zhang BH, Ren ZG. Transarterial

chemoembolization for hepatocellular carcinoma with portal vein

tumor thrombus: a meta-analysis. BMC Gastroenterol. 2013;13:60-68.

20. Park JW, Kim YJ, Kim DY, et al. Sorafenib with or without concurrent

transarterial chemoembolization in patients with advanced hepatocel-

lular carcinoma: the phase III STAH trial. J Hepatol. 2019;70:684-691.

21. Grivennikov SI, Greten FR, Karin M. Immunity, inflammation, and can-

cer. Cell. 2010;140(6):883-899.

22. Coussens LM, Werb Z. Inflammation and cancer. Nature. 2002;420

(6917):860-867.

23. Halazun KJ, Hardy MA, Rana AA, et al. Negative impact of

neutrophil-lymphocyte ratio on outcome after liver transplantation

for hepatocellular carcinoma. Ann Surg. 2009;250(1):141-151.

24. Sun XD, Shi XJ, Chen YG, Wang CL, Ma Q, Lv GY. Elevated preopera-

tive neutrophil-lymphocyte ratio is associated with poor prognosis in

hepatocellular carcinoma patients treated with liver transplantation: a

meta-analysis. Gastroenterol Res Pract. 2016;2016:1-10. dx.doi.org,

https://doi.org/10.1155/2016/4743808.

25. Xiao WK, Chen D, Li SQ, Fu SJ, Peng BG, Liang LJ. Prognostic signifi-

cance of neutrophil-lymphocyte ratio in hepatocellular carcinoma: a

meta-analysis. BMC Cancer. 2014;14:117-126.

How to cite this article: Lee W-C, Hung H-C, Lee J-C, et al.

Treatment strategy of adding transcatheter arterial

chemoembolization to sorafenib for advanced stage

hepatocellular carcinoma. Cancer Reports. 2021;4:e1294.

https://doi.org/10.1002/cnr2.1294

8 of 8 LEE ET AL.

https://orcid.org/0000-0002-8627-1324
https://orcid.org/0000-0002-8627-1324
https://doi.org
https://doi.org/10.1155/2016/4743808
https://doi.org/10.1002/cnr2.1294

	Treatment strategy of adding transcatheter arterial chemoembolization to sorafenib for advanced stage hepatocellular carcinoma
	1  INTRODUCTION
	2  PATIENTS AND METHODS
	2.1  Patients and treatments
	2.2  Phenotypic analysis of immune cells
	2.3  Intracellular cytokine staining
	2.4  TACE
	2.5  Survival time
	2.6  Biostatistics analysis

	3  RESULTS
	3.1  Patients
	3.2  Survival rates for group A and B patients
	3.3  Survival rates in accordance with neutrophil to lymphocyte ratio
	3.4  Clinical significance of neutrophil to lymphocyte ratio reduction
	3.5  Effects of sorafenib with or without TACE on immune cells

	4  DISSCUSSION
	ACKNOWLEDGEMENTS
	  AUTHOR CONTRIBUTIONS
	  CONFLICT OF INTEREST
	  ETHICS STATEMENT
	  DATA AVAILABILITY STATEMENT

	REFERENCES


