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/ABSTRACT

Background. The aim of this study was to determine the
potential prognostic roles of the perioperative interleukin-6
(IL-6) level and its dynamic changes in patients with hepato-
cellular carcinoma (HCC) undergoing transarterial chemo-
embolization (TACE).

Materials and Methods. Sixty patients with hepatitis B
virus-associated HCC receiving TACE were enrolled in the
study. Serum IL-6 levels were determined at baseline and
1 day after TACE by immunoassay. Response to TACE was
evaluated after a 4—6-week interval. Factors associated with
tumor response were analyzed by univariate and multivari-
ate analysis in a Cox regression model. Receiver operating
characteristic (ROC) curve analysis was performed to assess
the predictive performance of the included variables on
tumor response in patients with HCC undergoing TACE.
Results. The serum IL-6 level was significantly elevated
1 day after TACE. Patients in the low postintervention IL-6
level group had a high probability of achieving an objective

response (OR) (66.7% vs. 18.8%, p = .021). Post-TACE IL-6
level (£12.7 pg/mL) and post-/pre-TACE neutrophils ratio
(>2.47) were independently correlated with OR after TACE.
ROC curve analysis showed that a combined index based
on those two factors exhibited optimal predictive power
of tumor response among all the included variables (area
under the curve = 0.740, 95% confidence interval: 0.601—
0.879). Additionally, high post-TACE plasma IL-6 level was
associated with maximum tumor size, vascular invasion, post-
TACE aspartate aminotransferase, and Barcelona Clinic Liver
Cancer stage.

Conclusion. Our study suggests that the post-treatment serum
IL-6 level, rather than pretreatment or dynamic changes of
IL-6, serves as a powerful predictor for tumor response.
These findings provide evidence to help discriminate between
patients who will particularly benefit from TACE and those
who require more personalized therapeutic regimens and rig-
orous surveillance. The Oncologist 2019;24:e1489-e1495

Implications for Practice: Transarterial chemoembolization (TACE) is a major therapeutic regimen for advanced hepatocel-
lular carcinoma. Thus, identification of early practical markers of tumor response to TACE is of high importance. This study
indicated that the post-treatment serum interleukin-6 (IL-6) level, rather than the pretreatment or dynamic changes of IL-6,
serves as a powerful predictor for tumor response. A combined index based on the post-TACE IL-6 level and post-/pre-TACE
neutrophils ratio is optimal for predetermining an objective response after TACE, which may be helpful in guiding individual-
ized treatments and surveillance.

INTRODUCTION

Transarterial chemoembolization (TACE) is an approved first-
line therapy for advanced hepatocellular carcinoma (HCC) [1].
However, the response rates to TACE are heterogeneous,

and it is not fully understood which patients will most
likely benefit from TACE in terms of tumor response [1, 2].
Therefore, identification of new practical markers is important
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Table 1. Baseline characteristics of the hepatocellular
carcinoma cohort

Table 2. Univariate Cox regression analyses for tumor

response in hepatocellular carcinoma

Characteristics HCC (n = 60)
Sex, male/female 55/5

Age, mean + SD, years 53.6 + 104
Liver cirrhosis, absence/presence 54/6

Maximum tumor size, mean + SD, cm 8.1 + 3.8
Vascular invasion, absence/presence  24/36

ALT, median (range), U/L 37.0 (9.0-247.0)

AST, median (range), U/L
ALB, median (range), g/dL
TBiL, median (range), pmol/L

56.0 (17.0-412.0)
35.4 (23.0-46.6)
16.0 (6.0-188.4)

AFP, median (range), pg/mL 267.0 (1.6-1,506,466.0)

Child-Pugh classification, A/B 53/7
BCLC stage, A/B/C 2/15/43
ECOG PS, 0-1/2 54/6

Abbreviations: AFP, alpha-fetoprotein; ALB, albumin; ALT, alanine ami-
notransferase; AST, aspartate aminotransferase; BCLC, Barcelona Clinic
Liver Cancer; ECOG PS, Eastern Cooperative Oncology Group Perfor-
mance Status; HCC, hepatocellular carcinoma; TBIL, total bilirubin.

to discriminate between patients who will benefit from TACE
therapy and those requiring more individualized treatments
and rigorous monitoring. Toward this end, great efforts have
been made by a growing number of investigators in recent
years, especially with regard to identification of serum markers,
which can be more easily and noninvasively measured at differ-
ent time points compared with tumor biopsy or imaging-based
metrics. Nevertheless, few of these markers identified to
date are satisfactory in terms of strong predictive power of a
therapeutic response.

Interleukin-6 (IL-6) is a pivotal cytokine involved in many
complex biological processes, including immunity, inflamma-
tion, metabolism, reproduction, hematopoiesis, angiogenesis,
neural development, and bone remodeling [3]. In the tumor
microenvironment, multiple cell types can produce IL-6,
including tumor-infiltrating immune cells, fibroblast stromal
cells, and the tumor cells themselves, which are induced by var-
ious factors, such as nuclear factor-kappa B, IL-p, prostaglandin
E2, hypoxia, lack of signal transducer and activator of transcrip-
tion 3-inhibitors, and microRNAs [4-9]. Previous studies have
shown that baseline IL-6 level is a promising tumor marker for
HCC [10]. High pretreatment plasma IL-6 levels were associated
with a poor prognosis of patients with advanced HCC [11]. In
patients with hepatitis B virus (HBV)-related early HCC who
underwent hepatic resection or radiofrequency ablation with
curative intention, a low serum IL-6 level was shown to be an
independent prognostic factor for disease-free survival [12].
Moreover, elevated serum levels of IL-6 were significantly asso-
ciated with an increased risk of HBV-associated HCC recurrence,
suggesting that the preoperative IL-6 serum level is a potential
biomarker for early prediction of HBV-associated HCC recur-
rence [13]. Several studies have also verified the prognostic role
of IL-6 in patients who underwent TACE. For example, early-
phase increases in IL-6 after TACE may have hepatoprotective
effects and reflect acute-phase responses, and acute eleva-
tions in IL-6 are associated with post-treatment hepatitis [14].
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Characteristics

Univariate analysis

HR (95% Cl)

p value

Sex (male vs. female)

1.778 (0.270-11.709) .550

Age (>50 vs. <50 years) 1.728 (0.517-5.774) .374
Maximum tumor size 0.727 (0.206-2.565) .620
(>5 vs. <5 cm)

Vascular invasion (presence vs.  0.476 (0.152-1.489) .202
absence)

Liver cirrhosis (presence vs. 0.350 (0.063-1.939) .229
absence)

Ascites (presence vs. absence)  1.015 (0.270-3.821) .982
Baseline ALB, g/dL 0.882 (0.782-0.996) .043
Baseline TBiL, pmol/L 1.084 (0.992-1.184) .075
Baseline AFP 0.880 (0.290-2.669) .821

(>400 vs. <400 pg/L)

Pre-TACE serum IL-6 level
(>8.1 vs. <8.1 pg/mL)

Post-TACE serum IL-6 level
(>12.7 vs. £12.7 pg/mL)

Post-/pre-TACE IL-6 ratio
(>1 vs. £1)

Post-/pre-TACE ALT ratio
(>2.0 vs. £2.0)

Post-/pre-TACE AST ratio
(>3.3 vs. £3.3)

Post-/pre-TACE neutrophils ratio 5.538 (1.619-18.941) .006
(>2.5 vs. £2.5)

Bolded p values are statistically significant.

Abbreviations: AFP, alpha-fetoprotein; ALB, albumin; ALT, alanine
aminotransferase; AST, aspartate aminotransferase; Cl, confidence
interval; HR, hazard ratio; IL-6, interleukin-6; TACE, transarterial
chemoembolization.

0.271 (0.084-0.876) .029
0.114 (0.021-0.614) .011
1.604 (0.387-6.655) .515
1.421 (0.461-4.384) 541

1.179 (0.383-3.629) .775

Furthermore, IL-6 serum levels could predict tumor response
and overall survival (OS) after TACE for primary and second-
ary hepatic malignancies [15]. However, almost all of these
studies focused on pretreatment levels, while ignoring the
potential predictive value of the post-treatment circulating
IL-6 level and its dynamic changes in the context of TACE
treatment, which we consider will be more reflective of a bio-
logical reaction with inflammation and the immune system.

Therefore, we conducted a prospective observational
study in a cohort of patients with HBV-associated HCC under-
going TACE, so as to shed light on the discriminating power of
pre-and post-TACE IL-6 serum level and its dynamic changes
in predicting tumor response.

MATERIALS AND METHODS

Patients and Study Design

A total of 60 consecutive patients with HBV-associated HCC
who underwent TACE between October 2017 and August
2018 at the First Affiliated Hospital of Sun Yat-sen Univer-
sity were enrolled in the final analysis (supplemental online
Fig. 1). HCC was diagnosed according to the guideline of
the European Association for the Study of the Liver and the
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Table 3. Multivariate Cox regression analyses for tumor response in hepatocellular carcinoma
Multivariate analysis

Variables HR (95% ClI) p value g
Pre-TACE serum IL-6 level (>8.1 vs. <8.1 pg/mlL) 1.186 (0.134-10.502) .878 0.171
Post-TACE serum IL-6 level (>12.7 vs. <12.7 pg/mL) 0.067 (0.005-0.872) .039 —2.703
Baseline ALB, g/dL 0.868 (0.682—-1.104) .248 —1.420
Post-/pre-TACE neutrophils ratio (>2.47 vs. <2.47) 24.482 (1.722-348.092) .018 3.198
Baseline AFP (>400 vs. <400 pg/L) 1.929 (0.204-18.191) .566 0.657

Bolded p values are statistically significant.
Abbreviations: AFP, alpha-fetoprotein; ALB, albumin; Cl, confidence interval; HR, hazard ratio; IL-6, interleukin-6; TACE, transarterial chemoembolization.

100+ — Identity% Measurement of Serum IL-6 Levels
— Ppost-IL-6 Serum samples were obtained from the patients at baseline
° — Score and 1 day after TACE. Concentrations of IL-6 were analyzed by
g - : ﬁf{?ratio immunoassay using Human IL-6 Elecsys kits (Roche Diagnostics
2 — Neutrophils ratio GmbH, Mannheim, Germany), according to the manufacture’s
] — BCLC stage instruction, and by automatic biochemical immunoassay sys-

— Child—Pugh classification

o
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Figure 1. Receiver operating characteristic (ROC) curve analysis
for the discrimination between objective response (OR) and
non-OR patients: comparison of the ROC curves of baseline AFP,
pre- and post-transarterial chemoembolization (TACE) IL-6 level,
post-/pre-TACE IL-6 ratio, post-/pre-TACE neutrophils ratio, Child-
Pugh classification, BCLC stage, and the new combined index.
Abbreviations: AFP, alpha-fetoprotein; BCLC, Barcelona Clinic
Liver Cancer; IL-6, interleukin-6.

Table 4. Discriminant abilities of the variables examined

Variables AUC pvalue HR (95% Cl)
Baseline AFP 0.494 .649 0.346-0.666
Post-/pre-TACE IL-6 ratio 0.525 .768 0.366-0.684
Child-Pugh classification 0.581 .329 0.430-0.733
Pre-TACE serum IL-6 level 0.601 .225 0.447-0.755
BCLC stage 0.603 .216 0.435-0.771
Post-/pre-TACE neutrophils ratio 0.706 .014 0.564-0.847
Post-TACE serum IL-6 level 0.708 .059 0.513-0.903
Score 0.740 .004 0.601-0.879

Bolded p values are statistically significant.

Abbreviations: AFP, alpha-fetoprotein; AUC, area under the curve; BCLC,
Barcelona Clinic Liver Cancer; Cl, confidence interval; HR, hazard
ratio; IL-6, interleukin-6; TACE, transarterial chemoembolization.

American Association for the Study of Liver [16]. Patients
enrolled were required to meet the following criteria:
(a) TACE was the first-line initial therapy; (b) Child-Pugh
classification A or B; (c) Eastern Cooperative Oncology Group
Performance Status (ECOG PS) of 0-2; (d) no serious infec-
tion before transarterial therapy. Vascular invasion was
defined as branch portal vein or main portal vein invasion.

This study was approved by the ethics committee of the
First Affiliated Hospital of Sun Yat-sen University. Informed
consent was obtained from each patient.

www.TheOncologist.com

tem (Roche Cobas 6000’s module e601). The sensitivity of the
assay was 1.5 pg/mL.

TACE Procedure

All TACE procedures were conducted by our experienced radi-
ologists using techniques previously described [17]. Briefly,
the chemotherapeutic emulsion consisting of 10-20 mL
lipiodol (Guerbet, Roissy, France) and 20—40 mg epirubicin
(Pfizer, Wuxi, China) was slowly injected through a 5-Fr Yashrio
catheter or 2.7-Fr micro-catheter (Progreat, Terumo, Tokyo,
Japan). Subsequently, to reduce the residual blood flow,
Gelfoam (Ailikang Medicine, Hangzhou, China) mixed with
contrast medium was injected until there was no longer any
tumor staining after repeated angiography. Depending on
the features of the tumor, a superselective (subsegmental),
selective (segmental), or nonselective (lobar) approach was
performed whenever possible.

Evaluation of TACE Response

All patients were followed up with a physical examination; rou-
tine blood tests, including alpha-fetoprotein (AFP) measure-
ments; liver and kidney function tests; and contrast-enhanced
computed tomography (CT) or magnetic resonance imaging
(MRI) scanning 4-6 weeks after TACE. Three experienced
radiologists in imaging diagnosis interpreted all follow-up CT
or MRI scans. Tumor response was assessed based on radio-
logical evaluation according to the modified RECIST: com-
plete response (CR), partial response (PR), stable disease,
and progressive disease. CR and PR were further summa-
rized into objective response (OR) [18].

Statistical Analyses

Statistical analyses were performed with SPSS version 24.0
(SPSS Inc., Chicago, IL) and GraphPad Prism version 7.0 soft-
ware. The results are reported as means + SDs. Continuous
variables were compared using an independent sample t test.
Categorical data were compared using the Pearson chi-squared
test or Fisher’s exact test. Significant cutoff value for IL-6 was
determined via the receiver operating characteristic (ROC)
curve. ROC curves were generated by plotting sensitivity
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Table 5. Associations between post-TACE plasma IL-6 levels

and patients’ characteristics

Post-TACE
plasma IL-6 level
Low level High level

Characteristics n (%) (n=9) (n=51) p value
Sex

Male 55(91.7) 11 44

Female 5(8.3) 1 4 1.000
Age, years

<50 23 (38.3) 19

>50 37 (61.7) 29 947
Liver cirrhosis

Absent 6 (10.0) 1 5

Present 54 (90.0) 11 43 1.000
Ascites

Absent 46 (76.7) 10 36

Present 14 (23.3) 2 12 .819
Maximum tumor size, cm

<5 15 (25.0) 7 8

>5 45 (75.0) 40 .009
Vascular invasion

Absent 24 (40.0) 15

Present 36 (60.0) 33 .015
Extrahepatic metastasis

Absent 42 (70.0) 10 32

Present 18 (30.0) 2 16 .439
Serum AFP, pg/L

<400 28 (46.7) 8 20

>400 32 (53.3) 28 121
HBV-DNA, 1U/mL

<100 35 (58.3) 27

>100 25 (41.7) 21 513
Post-TACE ALT, U/L

<40 18 (30) 12

>40 42 (70) 36 .181
Post-TACE AST, U/L

<37 4 (6.7) 1

>37 56 (93.3) 47 .023
Post-TACE leukocytes, U/L

<10 39 (65.0) 30

>10 21 (35.0) 18 636
Post-TACE neutrophils, U/L

<6.3 23 (38.3) 17

>6.3 37 (61.7) 31 .550
Child-Pugh classification

A 53(88.3) 12 41

B 7(117) 0 7 366
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(continued)

Table 5. (continued)

Post-TACE
plasma IL-6 level
Low level High level

Characteristics n (%) (n=9) (n=51) p value
BCLC stage

A 2 (3.3) 2 0

B 15(25.0) 6 9

C 43 (71.7) 4 39 .001

Bolded p values are statistically significant.

Abbreviations: AFP, alpha-fetoprotein; ALT, alanine aminotransfer-
ase; AST, aspartate aminotransferase; BCLC, Barcelona Clinic Liver
Cancer; HBV, hepatitis B virus; IL-6, interleukin-6; TACE, transarterial
chemoembolization.

against 1-specificity. The optimal cutoff values for ROC curves
were established using the Youden index. Factors associated
with tumor response were analyzed by univariate and mul-
tivariate analysis in the Cox regression model. A p value <.05
was considered statistically significant.

RESULTS

Study Population and HCC Characteristics at Baseline
In total, 60 patients with HBV-associated HCC were included in
the final analysis. The baseline characteristics of the study pop-
ulation are presented in Table 1. The mean patient age was
53.6 + 10.4 years, and 91.7% of the patients were men. Most
patients (90.0%) had cirrhosis, and 88.3% were determined
to be Child-Pugh class A (based on Child-Pugh classification
for severity of liver disease). The maximum tumor size of these
patients was 8.1 + 3.8 cm. According to the Barcelona Clinic
Liver Cancer (BCLC) classification, 3.3%, 25.0%, and 71.7% of
the patients had stage A, B, and C disease, respectively. Ninety
percent of the participants had a good ECOG PS of 0-1.

Perioperative IL-6 Levels and Tumor Response to
TACE Therapy

We first explored the dynamic changes of serum IL-6 levels in
patients undergoing TACE. Compared with preintervention
serum concentrations, the IL-6 levels dramatically increased
1 day after TACE (supplemental online Fig. 2).

To investigate the potential predictors of TACE therapy,
we divided our cohort into patients with an OR or non-OR
after TACE. In univariate logistic regression analysis, base-
line albumin concentrations (p = .043), pre-TACE serum IL-6
levels (p = .029), post-TACE IL-6 levels (p = .011) and the
post-/pre-TACE neutrophils ratio (p = .006) were found to
be significantly associated with OR (Table 2). Subsequently,
in the multivariate analysis, only the post-/pre-TACE neutro-
phils ratio (p = .018) and post-TACE IL-6 levels (p = .039)
emerged as independent risk factors for OR (Table 3). To
avoid the interference of collinearity factors, scoring sys-
tems, such as the Child-Pugh classification and BCLC stage,
were excluded from the additional analyses, because such
scores are derived from tumor size, vascular invasion, and
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Figure 2. Correlations between post-TACE IL-6 levels and clinical parameters. (A): A positive correlation between post-TACE IL-6
levels and maximum tumor size (r = .414, p = .008). (B): A positive correlation between post-TACE IL-6 levels and log AFP (r = .314,
p = .046). (C): Post-TACE serum IL-6 levels are not significantly associated with HBsAg amount (r = —.239, p = .154). (D): A positive
correlation between post-TACE IL-6 levels and post-TACE AST (r = .542, p < .001). (E): A positive correlation between post-TACE IL-6
levels and post-TACE TBIL (r = .465, p = .003). (F): Post-TACE serum IL-6 levels are not significantly associated with post-TACE NEUT

(r=.241, p =.129).

Abbreviations: AFP, alpha-fetoprotein; AST, aspartate aminotransferase; HBsAg, surface antigen of hepatitis B virus; IL-6, interleukin-6;
NEUT, neutrophil; TACE, transarterial chemoembolization; TBiL, total bilirubin.

other variables. As illustrated in supplemental online Fig. 3,
patients in the low level of post-TACE IL-6 group had a
higher possibility of achieving an OR than the counterparts
(66.7% vs. 18.8%, p = .021).

Based on the promising findings on the predictors for
OR, a new combined index was established as follows:
score = 3.2%(if post-/pre-TACE neutrophils >2.47) — 2.7%
(if post-TACE IL-6 level > 12.7 pg/mL). We then performed
ROC curves to identify the efficacy of those predictors. The
area under the curve (AUC) of the new score was the larg-
est (AUC = 0.740) among all the variables investigated,
followed by post-TACE serum IL-6 level (AUC = 0.708).
Other involved indicators for comparison include baseline
AFP (AUC = 0.506), post/pre-TACE IL-6 ratio (AUC = 0.525),
Child-Pugh classification (AUC = 0.581), the pre-TACE serum
IL-6 level (AUC = 0.601), BCLC stage (AUC = 0.603), and pos-
t/pre-TACE neutrophils (AUC = 0.706; Fig. 1; Table 4).

Associations Between Post-TACE Plasma IL-6 Levels
and Patient Characteristics

The association between post-TACE plasma IL-6 levels and
clinicopathologic parameters was assessed by the chi-square
test for proportion, as shown in Table 5. Low post-TACE
plasma IL-6 level was found to correlate with maximum
tumor size (p = .009), vascular invasion (p = .015), post-TACE
liver aspartate aminotransferase (AST) levels (p = .023), and
BCLC stage (p = .001).

To determine correlations between post-TACE plasma
IL-6 levels with valuable clinical parameters, we subsequently
performed Spearman’s correlation analysis. IL-6 levels showed
a statistically significant positive correlation with maximum
tumor size (r = .414, p = .008), baseline AFP (r = .314,
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p =.046), post-TACE AST (r = .542, p <.001), and post-TACE
total bilirubin (TBiL; r = .465, p = .003; Fig. 2). However,
there were no significant correlations between post-TACE
plasma IL-6 levels and baseline surface antigen of hepatitis
B virus (HBsAg) levels (r = —.239, p = .154; Fig. 2), or post-
TACE neutrophils (r = .241, p = .129; Fig. 2). Furthermore,
patients with Child-Pugh class B HCC had a higher level of
IL-6 than those in class A group (p < .001). Similarly, patients
with higher Child-Pugh class HCC had a higher level of IL-6
(p = .001; supplemental online Fig. 4).

DiscussioN
Accumulated evidence indicates a key role of IL-6 in the pro-
cess of liver damage and carcinogenesis and its predictive
power in HCC. However, in contrast to the existing data dem-
onstrating the predictive role of the pretreatment IL-6 level,
our study is the first to investigate the prognostic value of the
post-treatment IL-6 level as well as the dynamic changes of
perioperative IL-6 levels in patients with HCC undergoing TACE.
We found that IL-6 increased substantially on 1 day after
TACE, which is in accordance with a previous study including
41 patients with HCC that underwent TACE [19]. Remarkably,
the post-TACE IL-6 level (<12.7 pg/mL), but not the pre-
treatment IL-6 level or the alteration in IL-6, appears to be a
better predictor of an OR in HCC. The explanation may be
that the pretreatment IL-6 level simply reflects the chronic
inflammatory response in carcinogenesis, whereas the post-
TACE IL 6 level may represent acute immune and inflamma-
tory response after treatment, given the strong necrosis and
inflammation induced by chemoembolization. Moreover, per-
sistent activation of the IL-6 signaling pathway is detrimental

© AlphaMed Press 2019




el494

Post-TACE IL-6 Predicts OR in HCC Undergoing TACE

to the liver, which may lead to cell proliferation, protection
from apoptosis, chemoresistance, and increased metastatic
potential in HCC [20, 21]. Neutrophils, the most common
white blood cells in the circulation, are the “first responders”
to insult or injury and one of the first immune cells to come
into contact with tumor cells [22]. Distinctly increased
neutrophils, which was interpreted as the post-/pre-TACE
neutrophils ratio (>2.47) in our analysis, was proved to be
another significant predictor for OR. In particular, a new
score based on the post-TACE IL-6 level and post-/pre-
TACE neutrophils ratio was found to exhibit the optimal
predictive power among all the variables examined.

As previously reported, high preoperative serum IL-6 levels
were associated with large tumor sizes, advanced tumor stages,
and recurrence or short survival after locoregional therapy
for HCC [13, 23, 24]. In line with those results, we found that
high post-TACE plasma IL-6 level was associated with maxi-
mum tumor size, vascular invasion, post-TACE AST, and
BCLC stage. More specifically, the post-TACE plasma IL-6
level showed a significantly positive correlation with maxi-
mum tumor size, baseline AFP, post-TACE AST, and post-
TACE TBilL. Patients with higher Child-Pugh class or BCLC
stage were prone to having higher levels of post-TACE IL-6.
It has been reported that preoperative serum IL-6 level
has some association with the HBsAg amount in patients
with HCC after curative resection [13]. Interestingly, there
is no significant correlation between post-TACE plasma IL-
6 levels and baseline HBsAg in our study. This discrepancy
may be due to the difference in IL-6 detection time point
and/or the varied treatments that the patients underwent
between studies.

The present study has several limitations that should
be mentioned. First, this study was conducted in a single
center with a small sample size, and participants were
treated with heterogeneous therapeutic strategies. Second,
we detected only IL-6 circulating levels, without determining
its corresponding expression in HCC tissues. Thus, it was diffi-
cult to interpret the precise pathophysiologic roles. In addi-
tion, postembolization fever is the most significant adverse
effect after TACE and relevant to tumor response [25], but
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