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ABSTRACT

Background: There is no data regarding prognostic impact of interleukin (IL)-26 on outcomes of patients
with hepatocellular carcinoma (HCC). The present study aimed to evaluate the prognostic impact of IL-26
on HCC patients undergoing liver resection.
Methods: From 2003 to 2008, 122 patients with HCC who received surgical curative resection were en-
rolled. Patients were stratified into IL-26-upper and -lower groups according to the median expression
level from immunohistochemical staining of resected specimens. Prognostic impact of IL-26 was esti-
mated using Kaplan-Meier curves. Univariate and multivariate analyses were performed to evaluate time-
dependent prognostic impact and independency of IL-26. Demographic and clinical factors that were as-
sociated with IL-26 were comprehensively identified.
Results: Prognosis of the patients with high level of IL-26 revealed to be significantly unfavorable in both
cumulative recurrence-free survival (P <0.001) and overall survival (P=0.002). Upper expression of IL-26
(HR: 1.643; 95% CI: 1.021 to 2.644; P=0.041) and microvascular invasion (HR: 3.303; 95% CI: 1.255 to
8.696; P=0.016) were identified as significant independent prognostic factors for overall survival in the
multivariable analysis.
Conclusions: IL-26 is a novel prognostic factor for HCC after resection. Evaluation of IL-26 expression may
be potentially valuable in clinical therapy when planning individualized follow-up schedule and evaluat-
ing candidates for prophylactic adjuvant treatment to prevent recurrence.

© 2019 First Affiliated Hospital, Zhejiang University School of Medicine in China. Published by Elsevier

B.V. All rights reserved.

Introduction

Outcomes after surgery remain dismal due to frequent recur-
rence. Numerous staging systems were developed to predict a sub-

Hepatocellular carcinoma (HCC) is the most common primary
liver cancer that frequently appears in cirrhotic livers [1,2]. Surveil-
lance by biannual ultrasound is recommended for patients with
cirrhosis for diagnosis at early stage [3]. For resectable cases with
preserved liver function, radical resection of the tumor is the stan-
dard of care, whereas liver transplantation is the only curative sur-
gical modality for unresectable tumors or cases with underlying
chronic liver diseases, such as severe cirrhosis [4,5]. However, due
to shortage of organs and rapid progression of HCC, it is not eli-
gible for all patients [6]. Thus, strict evaluation of candidates who
may mostly benefit has become one of the most important proce-
dures [7].
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set of patients under high probability of recurrence due to insuf-
ficient accuracy and discrimination of preexisting staging models,
such as TNM stage and Barcelona Clinic Liver Cancer Classification
(BCLC), which are built on the basis of clinicopathological charac-
teristics [8,9]. However, even the predictive tools built based on
large-scale cohorts failed to achieve generalized use in prediction
of prognosis because of the limited sensitivity of prognostic fac-
tors [10]. Therefore, there is an unmet need to identify prognos-
tic biomarkers with high priority of precision to reduce population
bias and increase accuracy. In addition, combination of biomark-
ers and clinicopathological characteristics may be the only way to
achieve ideal predictive accuracy. However, due to limited specified
biomarkers with high priority and cost efficacy, this ideal approach
remains hard to apply in real-world.

Herein, we explored prognostic impact of interleukin (IL)-26
in a single center-based Chinese population with HCC undergo-
ing resection. Prognostic significance of IL-26 is estimated and
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clinicopathological factors associated with expression of IL-26 were
comprehensively identified.

Methods
Patients

Patients with pathological confirmation of HCC who received
hepatic resection at Renji Hospital, School of Medicine, Shanghai
Jiao Tong University between March 2003 and July 2008 were
screened. Inclusion criteria of the present study include: (1) re-
sectable tumor; (2) hepatic resection as first treatment; (3) single
type of tumor excluding combined multiple type of tumors, such
as HCC with cholangiocarcinoma; (4) patients with full records of
demographic and clinicopathological data, and the Eastern Coop-
erative Oncology Group (ECOG) score of 0 to 1. Written informed
consent was obtained from participants before surgery. This study
was approved by the local Ethics Committee of Renji Hospital.

Data collection

The hospital-based HCC database was analyzed. Demographic
data were collected at the time of diagnosis. Status of viral hep-
atitis was confirmed using serological examinations. Liver function
results including total bilirubin, direct bilirubin, alanine amino-
transferase (ALT), and aspartate aminotransferase (AST), and tumor
markers including alpha fetoprotein (AFP) and carcinoembryonic
antigen (CEA), were presented with preoperative results that were
tested within one week before surgery. Presence of cirrhosis, tu-
mor size, nodule number, vascular invasion, and nodal metastasis
were evaluated by pathological examinations. Immunohistochem-
istry of liver specimens for IL-26 was performed and analyzed us-
ing the imagescope standard procedure (Image-pro Plus version
6.0), which was used in the description of IL expression.

Immunohistochemistry

Immunohistochemical analysis was performed as described pre-
viously [11]. Briefly, paraffin-embedded liver tissues were cut into
5-um-thick sections. First, the sections were rehydrated and the
antigen unmasking procedure was carried out, then incubated with
primary antibody against IL-26 (R&D Systems Inc. Minneapolis,
USA; 1:100) for 12h at 4°C, followed by peroxidase-conjugated
secondary antibody. Sections were evaluated by a pathologist with-
out knowing clinical data of patients. As shown in Fig. 1, pos-
itive expression of IL-26 was mainly found in hepatocytes and
the extent of IL-26 expression varied significantly among the HCC
patients. Evaluation of IL-26 levels was performed using the im-
agescope standard procedure. All patients were stratified into the
upper and lower groups according to the median immunohis-
tochemical score of IL-26 from resected specimens for clinical
analyses.

Follow-up

The primary endpoint of the study was overall survival (OS,
time from surgery to death by any cause). Patients were suggested
to make active visits one month after the surgery, then once ev-
ery 3 months for the first year and twice per year thereafter. Main
outcomes of interest were time to recurrence, location of recur-
rence, and survival. Follow-up investigation was performed using
telephone inquiry for those without active visits. Follow-up for pa-
tients was performed with a median of 53.0 months [interquartile
range (IQR): 40.2 to 65.9 months].

Statistical analysis

Data were presented as median (IQR) for the description of cen-
tral tendency and distribution. Univariate and multivariate analysis
was performed using dichotomous covariates by Cox proportional
hazard regression model, which were presented with HR and 95%
Cl. Between-group analysis was performed using Chi-square test.
Survival curves were generated and evaluated using Kaplan-Meier
method. All statistical analyses were performed using SPSS version
20.0 (Chicago, IL). A P value of <0.05 was considered statistically
significant.

Results
Patient characteristics

The median age was 48 years old (IQR: 41 to 55 years) with
a 13.1% of female distribution (Table 1). Viral hepatitis B infection
was present in most cases (93.4%), whereas none of the patients
were found to have hepatitis C virus infection. The median ex-
pression of IL-26 was 0.206 (IQR: 0.164 to 0.262). Serum levels of
total bilirubin, direct bilirubin, albumin, ALT, AST, and CEA were
within normal range in majority of patients, whereas AFP (me-
dian 1000ug/L) was elevated in more than half of the patients.
Approximately three fourth of patients presented with large tu-
mors (>5cm) with predominance of single nodule cases (94.3%).
Ascites and cirrhosis were positive in 31 (25.4%) and 76 (62.3%) pa-
tients. Macro- and microvascular invasion was found in 58 (47.5%)
and 97 (79.5%) patients, whereas there were only 3 (2.5%) patients
with nodal metastasis. According to the TNM stage, 63 (51.6%) pa-
tients were of stage IIl or IV. In addition, BCLC stage was O to A

Table 1
Baseline demographic and clinical characteristics.

Characteristics

Patients (n=122)

Age (yr)
Female (n,%)
Viral hepatitis (n,%)
Hepatitis B virus
Hepatitis B surface antigen
Hepatitis B surface antibody
Hepatitis B core antibody
Hepatitis B e antigen
Hepatitis B e antibody
Hepatitis B virus DNA (>103 copies)
Hepatitis C virus
IL-26 expression?
Total bilirubin (umol/L)
Direct bilirubin (umol/L)
Albumin (g/L)
Alanine aminotransferase (U/L)
Aspartate aminotransferase (U/L)
Alpha fetoprotein (pg/L)
Carcinoembryonic antigen (ng/mL)
Tumor size (cm)
Multinodular (n,%)
Ascites (n,%)
Cirrhosis (n,%)
Macrovascular invasion (n,%)
Microvascular invasion (n,%)
Lymph node metastasis (n,%)
TNM stage (n,%)
I-1I
1-1v
BCLC stage (n,%)
0-A
B
C

48 (41-55)
16 (13.1%)

114 (93.4%)
11 (9.0%)
114 (93.4%)
14 (11.5%)
66 (54.1%)
21 (17.2%)
0
0.206 (0.164-0.262)
145 (11.4-17.6)
53 (4.0-6.9)
412 (38.2-43.9)
48.0 (33.1-66.1)
49.0 (40.6-70.2)
>1000 (85.6->1000)
17 (11-2.7)
8.0 (5.0-11.0)
7 (5.7%)
31 (25.4%)
76 (62.3%)
58 (47.5%)
97 (79.5%)
3 (2.5%)

59 (48.4%)
63 (51.6%)

11 (9.0%)
52 (42.6%)
59 (48.4%)

Data are median (IQR) unless indicated otherwise. a: IL-26 was an-
alyzed using the imagescope standard procedure. BCLC: Barcelona

Clinic Liver Cancer.
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Fig. 1. Immunohistochemistry staining of IL-26 in patients with HCC. As shown above, expression of IL-26 is mainly distributed in hepatocytes. A: Lower expression of IL-26
(original magnification x 50). B: Upper expression of IL-26 (original magnification x 50). C: Lower expression of IL-26 (original magnification x 200). D: Upper expression

(original magnification x 200).

in 11 (9.0%), B in 52 (42.6%), and C in 59 (48.4%) patients,
respectively.

Prognostic factors of all HCC patients with liver resection

IL-26 expression, AFP >50ug/L, tumor size >5 cm, macrovascu-
lar invasion, and microvascular invasion revealed significance for
both cumulative recurrence-free survival (RFS) and OS in the uni-
variate analysis, then were enrolled into the multivariate analy-
sis. Upper expression of IL-26 (HR: 1.667; 95% CI: 1.076 to 2.582;
P=0.022), tumor size >5cm (HR: 1.096; 95% Cl: 1.034 to 1.162;
P=0.002), and microvascular invasion (HR: 2.696; 95% CI: 1.322 to
5.497; P=0.006) remained statistically significant in the multivari-
ate analysis for the RFS. As for the OS, upper IL-26 expression (HR:
1.643; 95% ClI: 1.021 to 2.644; P=0.041) and microvascular inva-
sion (HR: 3.303; 95% CI: 1.255 to 8.696; P=0.016) were found to
be significant independent prognostic factors for HCC patients after
liver resection (Table 2).

Prognostic impact of IL-26

The patients were divided into the upper and lower groups ac-
cording to the median expression level of IL-26 for between-group
evaluation of prognosis. In the RFS, the patients in the upper group
demonstrated significantly worse outcomes (HR: 2.007; 95% CI:
1.393 to 3.220; P <0.001; Fig. 2A) compared with the lower group.
Similar results were detected in the OS with HR of 1.999 (95% CI:

1.290 to 3.196; P=0.002; Fig. 2B). Important to note is that the
slope of the survival curves in the OS was relatively similar be-
tween 12th to 60th month after surgical resection. However, the
mortality was significantly high within 12 months after surgery
(P <0.001).

Factors associated with expression of IL-2

All demographic and clinical characteristics were compared ac-
cording to the expression of IL-26 to identify impact of IL-26 on
clinicopathological characteristics in HCC patients (Table 3). Tumor
size >5cm (P=0.040), microvascular invasion (P=0.014), and TNM
stage of III-IV (P=0.046) were significantly more common in the
upper group compared to the lower group. Furthermore, slight dif-
ferences were found in ALT elevation (49.2% vs. 34.4%; P=0.099),
AFP >50png/L (82.0% vs. 68.9%; P=0.093), and macrovascular in-
vasion (55.7% vs. 39.3%; P=0.070) with all higher proportions in
the IL-26-upper group. In addition, 12 (19.7%) and 9 (14.8%) pa-
tients in the upper and lower groups had elevated HBV DNA copies
(>103), respectively. These factors still have potential to be signifi-
cant when evaluated in larger sample size.

Prognostic impact of IL-26 in subgroups of patients with tumor size
>5cm, microvascular invasion, and TNM stage of III-IV

Since distributions of tumor size >5cm, microvascular inva-
sion, and TNM stage III-IV were significantly different between the
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Table 2

Univariate and multivariate analyses of covariates that affected survival outcomes.

Recurrence-free survival

Overall survival

Covariates Univariate ~ Multivariate Univariate ~ Multivariate

P value R (95% CI) P value P value HR (95% CI) P value
IL-26 expression? <0.001 1.667 (1.076-2.582)  0.022 0.003 1.643 (1.021-2.644)  0.041
AFP >50pg/L 0.025 1.020 (0.596-1.745)  0.942 0.023 1.267 (0.692-2.320)  0.444
Tumor size >5 cm  <0.001 1.096 (1.034-1.162) 0.002 0.001 1.504 (0.753-3.006)  0.248
Macro VI <0.001 1.512 (0.944-2.421)  0.086 <0.001 1.222 (0.551-2.713) 0.622
Micro VI <0.001 2.696 (1.322-5.497)  0.006 <0.001 3.303 (1.255-8.696)  0.016

HR: hazard ratio; 95% CI: 95% confidence interval; AFP: alpha fetoprotein; VI: vascular invasion. a: the upper half of the
patients with relatively high levels of IL-26.
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Fig. 2. Kaplan-Meier estimation of survival outcomes in HCC patients according to the expression of IL-26. A: Recurrence-free survival of patients with upper and lower
levels of IL-26. B: Overall survival of patients with upper and lower levels of IL-26.

Table 3

Between-group analysis of demographic and clinical characteristics according to IL-26 expression.

Characteristics Upper group (n=61) Lower group (n=61) P value
Age (yr) 46 (39-56) 9 (43-53) 0.171
Female 0 (16.4%) 6 (9.8%) 0.283
HBV infection? 9 (96.7%) 55 (90.2%) 0.143
HBV DNA >103 copies 2 (19.7%) 9 (14.8%) 0.472
Total bilirubin >21 pmol/L 8 (13.1%) 11 (18.0%) 0.454
Direct bilirubin >5.1 pmol/L 30 (49.2%) 31 (50.8%) 0.856
Albumin <35g/L 3 (4.9%) 3 (4.9%) 1.000
ALT elevation® 30 (49.2%) 21 (34.4%) 0.099
AST elevation® 6 (75.4%) 44 (72.1%) 0.681
AFP >50pg/L 0 (82.0%) 42 (68.9%) 0.093
CEA>2.5ng/mL 3 (21.3%) 7 (27.9%) 0.322
Tumor size >5cm 0 (82.0%) 0 (65.6%) 0.040
Multinodular 3 (4.9%) 4 (6.6%) 0.697
Ascites 9 (31.1%) 2 (19.7%) 0.145
Cirrhosis 8 (62.3%) 8 (62.3%) 1.000
Macrovascular invasion 4 (55.7%) 4 (39.3%) 0.070
Microvascular invasion 4 (88.5%) 43 (70.5%) 0.014
Lymph node metastasis 1 (1.6%) 2 (3.3%) 0.559
TNM stage IlI-IV 37 (60.7%) 26 (42.6%) 0.046
BCLC stage B-C 58 (95.1%) 53 (86.9%) 0.114

Data are number (%) unless indicated otherwise. a: hepatitis B surface antigen-positive patients. b: >52U/L
and >34 U/L were indicative values for male and female patients, respectively. c: >40U/L and >34 U/L were in-
dicative values for male and female patients, respectively. HBV: hepatitis B virus; ALT: alanine aminotransferase;
AST: aspartate aminotransferase; AFP: alpha fetoprotein; CEA: carcinoembryonic antigen; BCLC: Barcelona Clinic
Liver Cancer.



246 Z.-F Xi et al./Hepatobiliary & Pancreatic Diseases International 18 (2019) 242-248

Tumor size > 5cm Microvascular invasion
100 100 -
80 —— IL-26-upper 80 —— IL-26-upper
—— IL-26-lower —— IL-26-lower
s S
= 60+ = 60 -
> >
2 2
Ts_“ 40 TE 40 -
() ()
> >
S &)
20 1 20
P=0.0393 P=0.0406
T T T T 1 A T T T T 1 B
0 12 24 36 48 60 0 12 24 36 48 60
Months after surgery Months after surgery
Number at risk Number at risk
IL-26-upper 50 16 9 7 6 5 IL-26-upper 54 17 10 7 6 3
IL-26-lower 40 22 12 10 9 3 IL-26-lower 43 23 15 14 13 5

TNM stage III-1V

100
80 —— IL-26-upper
—— IL-26-lower
S
= 60+
2
Z
5
1%}
T 40
[
>
o
20
P=0.0369
T T T T 1 C
0 12 24 36 48 60

Months after surgery

Number at risk
IL-26-upper 37 8 3 2 2 1
IL-26-lower 26 11 7 6 6 1

Fig. 3. Kaplan-Meier estimation of overall survival in patients with tumor size >5cm, microvascular invasion, and TNM stage III-IV. A: Overall survival of patients with

tumor size >5cm between IL-26-upper and -lower groups. B: Overall survival of patients with microvascular invasion between IL-26-upper and -lower groups. C: Overall
survival of patients with TNM stage III-IV between IL-26-upper and -lower groups.

IL-26-upper and -lower groups, we have explored prognostic im- groups of patients with tumor size >5cm, microvascular invasion,
pact of IL-26 in patients with tumor size >5cm, microvascular in- and TNM stage of III-IV.

vasion, and TNM stage III-1V, respectively. In patients with tumor

size >5cm (n=90), upper expression of IL-26 was found to be a Discussion

significant factor indicating unfavorable OS with an HR of 1.686

(95% CI: 1.030 to 2.744; P=0.0393; Fig. 3A). Among the patients For HCC patients, radical surgical resection of the tumor is the
with microvascular invasion (n=97; HR: 1.634; 95% CI: 1.026 to standard of care for resectable cases [12]. However, on account of
2.601; P=0.0406; Fig. 3B) and TNM stage IlI-IV (n=63; HR: 1.857; the distinctive characteristics of the tumor, including rapid pro-
95% CI: 1.044 to 3.205; P=0.0369; Fig. 3C), IL-26 also revealed to gression and aggressiveness, recurrence still remains common [13].
be a significant unfavorable prognostic factor. These results suggest One of the most effective strategies to improve survival outcomes
that IL-26 still serves as an independent prognostic factor in sub- of recurrent HCC is early detection [14,15]. To date, a number of
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clinicopathological characteristics and biomarkers were found to
be significantly associated with prognosis of HCC patients [16,17].
However, identification of prognostic factors is far from being suf-
ficient that none of the previous predictive tool, as well as typical
staging systems, could be generally applied in the real-world. In
the present study, we identified IL-26 as an unfavorable prognostic
factor that significantly reduces survival of HCC patients after sur-
gical resection. The underlying mechanisms may include progres-
sion of the tumor indicated by significantly larger proportion of
patients with large tumor (>5cm), promotion of vascular invasion,
and advanced TNM stage. Future basic investigations are required
to validate our results.

The expression of IL-26 is attributed to T cells, especially Th17
cells [18]. Recent advances revealed that IL-26 is emerging as a
potential player in host defense and could be a pathogenic factor
in chronic inflammatory diseases [19]. Along with interactions be-
tween nervous system and HCC, association between immunology
and HCC has emerged as a major concern in further understand-
ing of characteristic of HCC and development of new potential
therapies [20,21]. However, there is no data regarding prognos-
tic impact of IL-26 in HCC patients after surgical resection. In the
present study, we have stratified the patients into two indepen-
dent groups according to the immunohistochemistry expression of
IL-26, and found that IL-26 is an important prognostic factor that is
significantly associated with recurrence of the tumor and reduced
0S. Therefore, we explored clinical factors that are associated with
expression of IL-26 and found that the high expression is directly
proportional to elevation of AFP, larger tumor size, microvascular
invasion, macrovascular invasion, and advanced TNM stages.

Regarding preoperative usability and convenience, applica-
tion of serum IL-26 as a biomarker may be better than im-
munohistochemical IL-26 expression in tissue. Previously, Miot
et al. [22] found that IL-26 is significantly elevated in chronic viral
hepatitis-infected patients. Our preliminary results also indicated
that serum IL-26 is significantly affected by presence of hepatitis
and/or cirrhosis, which led us to assess expression of IL-26 within
the tumor only using immunohistochemistry. However, serologic
approach may be superior to pathologic approach in terms of pre-
operative applicability and generalization in HCCs without hepati-
tis and cirrhosis. Future clinical studies are required to confirm our
hypothesis.

To date, number of staging systems predictive to survival out-
comes were developed with practical intent [23,24]. Most of them
were consisted of clinical covariates, such as AFP, vascular inva-
sion, tumor size and cirrhosis. However, the accuracy, which is pre-
sented by calculating the C-index, was insufficient for general use
(the predictive value is 0.75 for overall survival and 0.70 for disease
free survival) [25]. In our point of view, it may be on accounts of
limited identification of prognostic biomarkers. Involvement of IL-
26 may elevate predictive accuracy and discrimination of staging
systems and prediction models.

Although our study contains initial findings, there are several
underlying limitations that need to be considered. First, limited
number of patients may be a weakness. Second, no further exter-
nal validation could be performed. Further validation studies are
warranted in the future. Finally, no biological investigations were
performed to support the results. Regardless the above limitations,
the present study is the first to evaluate prognostic impact of IL-26
in HCC patients.

In conclusion, IL-26 is a novel prognostic factor for HCC pa-
tients after surgical resection. Application of IL-26 to a conven-
tional prediction models, including AFP, tumor size, macrovascu-
lar invasion, and microvascular invasion may significantly increase
performance accuracy and discrimination. In a clinical setting,
IL-26-high HCC patients were found to have large-sized tumor
(>5cm), microvascular invasion, and TNM stage III-IV. However, IL-

26 still could serve as a significant unfavorable prognostic factor in
the above subgroups. Therefore, IL-26 is an independent prognostic
factor indicating unfavorable prognosis in HCC patients with liver
resection.
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