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Abstract. Insulin-like growth factor-1 (IGF-1) is an effective
survival factor that is involved in the development and progres-
sion of various tumors. The aim of the present study was to
investigate whether baseline serum IGF-1 levels are associated
with time to progression (TTP) and overall survival (OS) in
patients with hepatocellular carcinoma (HCC) who have
undergone transarterial chemoembolization (TACE). A total
of 145 patients with HCC who underwent TACE as an initial
treatment were enrolled in the study. Baseline serum IGF-1
levels were detected using enzyme-linked immunosorbent
assay (ELISA) kits. The patients were followed up for a median
follow-up period of 47 months (range, 10.6-69.3 months).
During the follow-up, 98 patients (76.6%) experienced disease
progression and 59 patients (46.1%) succumbed. The serum
IGF-1 level was found to be significantly associated with
hepatitis infection status, Child-Pugh class, bilirubin level,
tumor size and nodularity, vascular invasion and the Barcelona
Clinic Liver Cancer (BCLC) stage. Multivariate analysis was
conducted, which indicated that BCLC stage, vascular inva-
sion and serum IGF-1 were independent risk factors for disease
progression. When clinical factors were examined as potential
independent risk factors for OS, only advanced BCLC stage
and low serum IGF-1 levels were found to be significantly
associated with poorer OS. These results suggest that serum
IGF-1 may serve as a predictor of the prognosis of patients
with HCC undergoing TACE.
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Introduction

Hepatocellular carcinoma (HCC) is the fifth most common type
of cancer and the third most common cause of cancer-related
mortality worldwide. The International Agency for Research
on Cancer estimates that 748,300 new cases of liver cancer
and 695,900 cancer-related mortalities occur worldwide
every year (1). Despite improvements in surgical techniques
and perioperative management, as well as the development of
non-surgical treatments such as radiofrequency ablation and
transarterial chemoembolization (TACE), the prognosis of
HCC remains poor due to the advanced tumor stage accom-
panied by chronic liver disease (CLD) at diagnosis (2). The
identification of biomarkers that correlate with the outcome of
patients with HCC may be useful in determining the prognosis
of this disease, identifying the patients most likely to benefit
from particular treatments and assisting clinicians in the
design of personalized treatment strategies (3).

Insulin-like growth factor-1 (IGF-1) is a potent survival
factor involved in the development and progression of various
cancers (4). Studies have suggested that high circulating levels
of IGF-1 are associated with increased risk of different types
of cancers, such as prostate, breast and colon cancers, due to
activation of the downstream cascade of the IGF axis (5-7).
However, the association between IGF-1 and HCC is somewhat
different from that of other cancers. Since IGF-1 is synthesized
primarily by the liver, circulating IGF-1 levels reflect liver
function and decrease significantly in patients with hepatitis C
virus infection (8), liver steatosis (9), liver cirrhosis (10),
non-alcoholic steatohepatitis (9) and HCC (11). A recent study
has demonstrated significant associations between IGF-1
expression and liver cirrhosis and survival following resection
in patients with HCC, which is independent from the under-
lying liver disease (12). Moreover, low baseline serum levels
of IGF-1 were found to be associated with low disease control
rate and poor progression-free survival and overall survival
(OS) of patients with advanced HCC treated with systemic
antiangiogenic therapy (13). Furthermore, since HCC is a
hypervascular tumor and vascular endothelial growth factor
(VEGF)-induced angiogenesis plays a major role in tumor
progression and metastasis, TACE is an effective nonsurgical
treatment for HCC (14). Therefore, it may be speculated that
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low baseline levels of IGF-1 in the serum may also indepen-
dently associated with poor outcomes in patients receiving
TACE as their initial treatment. Thus, the aim of the present
study was to investigate the prognostic value of baseline serum
IGF-1 levels in patients with HCC undergoing TACE.

Materials and methods

Patients. Between May 2007 and June 2011, 145 consecutive
patients with HCC who underwent TACE as initial treatment
at the Department of Interventional Radiology and Nuclear
Medicine, Yuhuangding Hospital (Yantai, China) were enrolled
in this study. HCC was reconfirmed in all patients on the basis
of the American Association for the Study of Liver Diseases
practice guidelines (15). The study inclusion criterion was
HCC classified as Barcelona Clinic Liver Cancer (BCLC) stage
B or C, which is generally not regarded as an indication for
treatment with curative intent. Patients with early-stage HCC
(BCLC stage 0 or A) who were unsuitable for surgical resection
or ablation because of liver function, comorbidity or technical
infeasibility were also included. Exclusion criteria were extra-
hepatic metastasis, Child-Pugh class C and the concurrent
presence of another primary liver cancer (such as fibrolamellar
HCC or cholangiocarcinoma) or other types of cancers. The
study protocol was conducted in accordance with the ethical
guidelines of the Declaration of Helsinki and was approved by
Institutional Review Board of Yuhuangding Hospital. Written
informed consent was obtained from all patients.

TACE procedure. All patients were treated using the same
TACE procedure conducted by the same team. Briefly, angio-
graphic examination was performed using a 5-Fr catheter
inserted through the femoral artery. Using arteriography,
the hepatic or superior mesenteric artery was selected on
the basis of tumor arterial blood supply and the tip of the
catheter was superselected into the tumor-feeding branches,
with the use of a microcatheter if necessary. Once the target
tumor-feeding artery had been identified, chemoembolization
was achieved as selectively as possible for all targeted lesions
in the left and right lobes of the liver with 2-20 ml emulsion
comprising cisplatin and lipiodol (1:1). Polyvinyl alcohol or
gelatin sponge particles were injected if required to embolize
tumor-feeding vessels to guarantee that there was no longer
any tumor staining following repeat angiography. Patients
were subsequently managed for potential postembolization
syndrome (such as fever, nausea, vomiting and abdominal
pain). Dynamic liver computed tomography (CT) or magnetic
resonance (MR) imaging was conducted 4-8 weeks after
the procedure. If the presence of residual viable tumors was
confirmed or new lesions developed in patients with adequate
liver function, further TACE procedures were carried out.

Baseline serum IGF-1 and VEGF determination. Peripheral
venous blood samples (5 ml) were collected prior to the first
TACE procedure and centrifuged at 4°C for 25 min (400 x g).
Serum samples were then collected and stored at -20°C until used.
Serum IGF-1 and VEGF levels were tested by an enzyme-linked
immunosorbent assay (ELISA) method using Human IGF-1 and
VEGF Quantikine ELISA kits (R&D Systems, Minneapolis,
MN, USA) according to the manufacturer's instructions.

LIU et al: IGF-1 FOR HEPATOCELLULAR CARCINOMA AFTER TRANSARTERIAL CHEMOEMBOLIZATION

Statistical analysis. Baseline continuous variables were
presented as the mean + standard deviation (SD). Categorical
variables were expressed as frequencies (percentages). The
primary endpoint was time to progression (TTP), which was
measured from the time of enrollment until tumor progres-
sion was first documented in imaging studies, in accordance
with the modified Response Evaluation Criteria in Solid
Tumors (mRECIST). The secondary endpoint was OS,
which was defined as the time from enrollment to mortality.
The association of clinical variables with TTP or OS was
identified by univariate analysis with hazard ratios (HRs)
and 95% confidence intervals (Cls), and variables with a
P-value less than 0.05 in the univariate analysis were then
entered into stepwise Cox regression multivariate models.
The Kaplan-Meier method was used to plot the TTP and
OS curves and the log-rank test was used for comparison.
Statistical analyses were performed using SPSS software,
version 19.0 (IBM Corporation, Armonk, NY, USA). All
tests were two-sided and P<0.05 was considered statistically
significant.

Results

Baseline characteristics and treatment response. Between
May 2007 and June 2011, 145 patients with HCC who under-
went TACE as initial treatment were eligible for this study.
Baseline serum samples were available for 128 (88.3%) of
these patients. Various characteristics of the patients are
listed in Table 1. Of the 128 patients, 96 (75.0%) were male,
103 (80.5%) were positive for hepatitis B virus, 79 (61.7%) had
clinical liver cirrhosis, 88 (68.8%) had Child-Pugh class A
disease, and 122 (95.3%) had elevated serum a-fetoprotein
(AFP) levels above the normal upper limit (>20 ng/ml). The
median age at the time of diagnosis was 55 years (range,
38-76 years). The median size of the largest measurable
lesion was 3.5 cm (range, 1.8-10.4 cm). According to the
BCLC staging system, 7, 23, 67 and 31 patients were at
stages 0, A, B and C, respectively. During a median follow-up
period of 47 months (range, 10.6-69.3 months), 98 patients
(76.6%) experienced disease progression with a median TTP
of 7.5 months (range, 1.6-29.8 months). The overall cumula-
tive progression rate in patients with HCC following TACE
was 54.5, 69.3 and 78.4% after 1, 2 and 3 years, respec-
tively. The median survival time was 34.5 months (range,
5.8-69.3 months), with 59 of 128 patients (46.1%) succumbing
during the follow-up. The overall cumulative mortality rate
was 19.3% after 1 year, 36.8% after 2 years and 44.7% after
3 years.

Association between clinical factors and expression of IGF-1
and VEGF. The associations between clinical factors and
serum levels of IGF-1 and VEGF are presented in Table I.
The serum IGF-1 level was found to be significantly associ-
ated with hepatitis infection status, Child-Pugh class, bilirubin
level, tumor size and nodularity, vascular invasion and BCLC
stage, with the Child-Pugh score having the strongest asso-
ciation (P=0.003). The serum VEGEF level was found to be
significantly associated with the Child-Pugh class, tumor size,
lymph node involvement and BCLC stage, with tumor size
having the strongest association (P=0.009).
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Table I. Serum levels of IGF-1 and VEGF according to clinical characteristics of 128 patients with HCC undergoing TACE.

IGF-1 (ng/ml) VEGF (pg/ml)
Characteristics No. of patients (%) Mean + SD P-value Mean = SD P-value
Age, years 0.385 0.077
<60 73 (57.0) 61.3£33.8 269.5+77.8
>60 55 (43.0) 56.4+37 4 281.6+£99.4
Gender 0.276 0316
Female 32 (25.0) 62.1+38.1 267.4+79.8
Male 96 (75.0) 55.2+43.1 279.3+83.2
Hepatitis infection status 0.044 0.059
HBV 97 (75.8) 56.7+36.2 289.7+£103.6
HCV 14 (10.9) 58.4+394 278.1£85.4
HBYV and HCV 6 (4.7) 50.1£22.8 290.2+97.2
None 11 (8.6) 63.0+27.5 265.4+81.1
Clinical cirrhosis 0.093 0.184
Present 79 (61.7) 54.8+36.5 284.6+88.9
Absent 49 (38.3) 60.2+39.7 270.3+81.2
Child-Pugh class 0.003 0.023
A 88 (68.7) 63.4+41.2 264.3+£77.2
B 40 (31.3) 54.9+33.8 289.5+83.5
Bilirubin level, gmol/l 0.032 0.458
<34 92 (71.9) 64.1+38.6 271.6£73.4
>34 36 (28.1) 55.3+29.1 280.3+£79.8
Serum AFP level, ng/ml 0.087 0.376
<200 97 (75.8) 60.4+37.8 268.2+75.6
>200 31(24.2) 56.2+33.6 284.1+£80.3
Tumor size, cm 0.005 0.009
<5cm 86 (67.2) 61.5+40.7 265.7£75.3
>5cm 42 (32.8) 52.9+30.6 288.3+82.1
Tumor nodularity 0.025 0.784
Uninodular 90 (70.3) 60.3+£38.9 275.1+£76.2
Multinodular 38 (29.7) 54.8+33.7 277.5+74.9
Vascular invasion 0.017 0.459
No 104 (81.2) 61.7+36.4 271.7£71.2
Yes 24 (18.8) 53.5+£30.8 279.0+78.5
Lymph node involvement 0.064 0.036
No 99 (77.3) 60.3+39.1 273.3+£72.5
Yes 29 (22.7) 55.8+34.3 289.1+82.1
BCLC stage 0.011 0.034
0 7(5.5) 61.8+22.6 267.1+£66.1
A 23 (18.0) 59.4+32.7 277.5£76.4
B 67 (52.3) 52.7+354 287.3+81.5
C 31 (24.2) 53.3£31.2 292.7+79.6

AFP, a-fetoprotein; BCLC, Barcelona Clinic Liver Cancer; HBV, hepatitis B virus; HCV, hepatitis C virus; HCC, hepatocellular carcinoma;
IGF-1, insulin-like growth factor-1; SD, standard deviation; TACE, transarterial chemoembolization; VEGF, vascular endothelial growth factor.

Association of clinical factors with TTP and OS. Cut-off values  to identify the factors significantly associated with TTP and OS.
for each of the clinical factors (including age and gender;  The results showed that high Child-Pugh score, larger tumor
Table IT) were selected and univariate analysis was carried out  size, multiple tumors, vascular invasion, lymph node involve-
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Table II. Univariate and multivariate Cox analyses of clinical variables for time to progression.

Univariate analysis

Multivariate analysis

Variables HR (95% CT) P-value HR (95% CIT) P-value
Age (=60 vs. <60 years) 0.882 (0.596-1.125) 0.652
Gender (male vs. female) 1.086 (0.814-1.447) 0.874
Hepeatitis virus infection 0.348
HBV 1.245 (0.782-1.841)
HCV 1.208 (0.695-1.918)
HBYV and HCV 1.336 (0.816-1.976)
None 1.000
Child-Pugh class (A vs. B) 0.775 (0.559-0.978) 0.043 0.897 (0.653-1.130) 0.692
Bilirubin (>34 vs. <34 pmol/l) 1.122 (0.846-1.492) 0.890
AFP (=200 vs. <200 ng/ml) 1.250 (0.912-1.534) 0.649
Tumor size (=5 vs. <5 cm) 1.543 (1.184-1.932) 0.003 1.352 (0.997-1.761) 0.054
Tumor nodularity 1.327 (1.095-1.570) 0.022 1.287 (0.952-1.534) 0.061
(uninodular vs. multinodular)
Vascular invasion 1.384 (1.134-1.594) 0.015 1.319 (1.024-1.694) 0.043
Lymph node involvement 1.461 (1.125-1.738) 0.009 1.245 (0.895-1.585) 0.082
BCLC stage <0.001
0 1.000 1.000
A 1.934 (1.447-2.586) 1.467 (1.186-1.952) 0.005
B 2.213 (1.602-2.884) 1.787 (1.356-2.127) <0.001
C 2.675 (1.937-3.361) 2.175 (1.743-2.685) <0.001
Serum IGF-1 (ng/ml) 0.874 (0.816-0.952) 0.002 0.892 (0.853-0.937) <0.001
Serum VEGF (pg/ml) 1.136 (1.067-1.218) 0.025 1.118 (1.048-1.192) 0.031

AFP, a-fetoprotein; BCLC, Barcelona Clinic Liver Cancer; CI, confidence interval; HBV, hepatitis B virus; HCV, hepatitis C virus; HR, hazard
ratio; IGF-1, insulin-like growth factor-1; VEGF, vascular endothelial growth factor.

ment and advanced BCLC stage were significantly associated
with shorter TTP (all P<0.05). All the other selected factors
(including age, gender and hepatitis virus infection) were not
found to be significantly associated with TTP (P>0.05). In the
multivariate analysis, BCLC stage and vascular invasion were
independent risk factors for disease progression (Table II).
When clinical factors were examined as potential independent
risk factors for OS, only advanced BCLC stage was found to be
significantly associated with poorer OS (Table III).

Association of IGF-1 levels with TTP and OS. The median
serum IGF-1 value (57.3 ng/ml) was used as a cut-off in the
univariate model and a low IGF-1 level (<57.3 ng/ml) was
calculated to be associated with shorter TTP and poorer OS.
In the multivariate analysis, IGF-1 was found to be an inde-
pendent predictive factor for TTP and OS. The IGF-1 level
was a stronger predictive tool when compared with VEGF,
with a lower P-value (Table IIT). The median time to progres-
sion in patients with high IGF-1 levels was significantly
longer than that in patients with low levels (Fig. 1A). The
median survival time in patients with high IGF-1 levels was
also significantly longer than that in patients with low IGF-1
levels (Fig. 1B).

Discussion

The prognosis of patients with HCC is poor, with a 5-year
survival rate of 10% (16). Although the BCLC staging system
and Cancer of the Liver Italian Program (CLIP) score are
widely used for the guidance of treatment decisions and to
stratify patients with HCC for clinical trials, patients within
the same HCC stage in these HCC staging systems are notably
heterogeneous (2). Biomarkers are expected to better predict
patient survival and provide improved prognostic stratification.
AFP has served as a diagnostic and prognostic marker for
HCC for many years (17). However, persistent AFP elevation
may be observed in some cirrhotic patients due to hepatocyte
regeneration. Therefore, other markers, such as VEGF, hepato-
cyte growth factor (HGF) and transforming growth factor 1
have been assessed as potentially improved diagnostic and
prognostic predictors for HCC. However, absolute positive and
negative markers for HCC remain deficient, and even those with
very high sensitivity and specificity are not universally useful
diagnostically (16). IGF-1 is a 7.6 kDa single chain molecule
with ~50% identity to the sequences of the A- and B-chains
of human insulin (18); it is produced primarily by the liver.
IGF signaling plays an important role in growth promotion
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Table III. Univariate and multivariate Cox analyses of clinical variables for overall survival.
Univariate analysis Multivariate analysis

Variables HR (95%CI) P-value HR (95%CI) P-value
Age (=60 vs. <60 years) 0.769 (0.603-1.092) 0.348
Gender (male vs. female) 1.143 (0.786-1.549) 0.864
Hepeatitis virus infection 0.273

HBV 1.291 (0.659-1.754)

HCV 1.180 (0.783-1.651)

HBYV and HCV 1.381 (0.832-1.903)

None 1.000
Child-Pugh class (A vs. B) 0.832 (0.595-1.087) 0.083
Bilirubin (>34 vs. <34 ymol/l) 1.069 (0.896-1.221) 0.290
AFP (=200 vs. <200 ng/ml) 1.145 (0.917-1.365) 0.184
Tumor size (=5 vs. <5 cm) 1.476 (1.189-1.841) 0.004 1.362 (0.982-1.754) 0.0593
Tumor nodularity 1.293 (0.974-1.615) 0.059
(uninodular vs. multinodular)
Vascular invasion 1.384 (1.022-1.795) 0.041 1.185 (0.883-1.506) 0.136
Lymph node involvement 1.473 (1.085-1.890) 0.013 1.297 (0.944-1.672) 0.087
BCLC stage <0.001

0 1.000 1.000

A 1.592 (1.225-1.931) 1.424 (1.116-1.758) 0.015

B 1.874 (1.416-2.385) 1.692 (1.285-2.136) <0.001

C 2.136 (1.775-2.587) 1.921 (1.547-2.378) <0.001
Serum IGF-1 (ng/ml) 0.752 (0.606-0.914) 0.005 0.824 (0.705-0.949) 0.009
Serum VEGF (pg/ml) 1.195 (1.092-1.287) 0.013 1.125 (1.058-1.196) 0.037

AFP, o-fetoprotein; BCLC, Barcelona Clinic Liver Cancer; CI, confidence interval; HBV, hepatitis B virus; HCV, hepatitis C virus; HR, hazard
ratio; IGF-1, insulin-like growth factor-1; VEGF, vascular endothelial growth factor.

A 1004
® 804
©
i
c J
§ 60
0
7]
C
o
L g
& Lo — Low IGF-1 level
- High IGF-1 level
3 T T T T T 1

0 12 24 36 48 60 72
Time (months)

Survival rate

— Low IGF-1 level
20 --- High IGF-1 level

T T
0 12 24 36 48 60 72
Time (months)

Figure 1. Kaplan-Meier estimates of (A) time to progression and (B) overall survival in patients with HCC following transarterial chemoembolization according
the baseline levels of serum IGF-1. IGF, insulin-like growth factor; HCC, hepatocellular carcinoma.

in various tissues and organs, acting via autocrine, paracrine
and endocrine mechanisms. Previous studies have shown
that high baseline levels of IGF-1 in the serum are associated
with an increased risk of cancer of the prostate, breast cancer,
colon/rectum and lung (5-7,19). A number of studies have
observed an association between IGF-1 and HCC. Kaseb et al
found that lower plasma IGF-1 and higher plasma VEGF levels

correlated significantly with advanced clinicopathological
parameters and poor OS, and that when IGF-1 and VEGF
were integrated into HCC staging, the prognostic stratifica-
tion of patients was significantly enhanced (2). A recent study
has also demonstrated that in patients with HCC, significant
associations exist between IGF-1 expression and liver cirrhosis
and survival (12). Similarly, Cho et al found that serum IGF-1
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levels correlated with OS in patients with HCC (20). However,
another study evaluating the clinical utility of serum protein
and mRNA levels of IGF-1 in HCC found that neither serum
protein nor mRNA levels of IGF-1 are prognostic for the
outcome of HCC patients (16). This finding warrants further
investigation because it is based on a small sample size. In the
current study, it was found that serum IGF-1 level was signifi-
cantly associated with hepatitis infection status, Child-Pugh
score, bilirubin, tumor size and nodularity, vascular invasion
and BCLC stage. This is consistent with previous reports (2,12),
indicating that serum IGF-1 may be complementary to other
clinical relevant prognostic indicators in patients with HCC,
including Child-Pugh score, tumor parameters and BCLC
variables. Furthermore, a low IGF-1 level predicted shorter
TTP and OS in patients treated with TACE. As serum IGF-1 is
measured by a simple noninvasive approach, it may be widely
used in clinical practice to aid the prognostic stratification of
patients with HCC in clinical trials, which should help to guide
treatment decisions and improve HCC outcomes.

Reduced circulating levels of IGF-1 in patients with
hepatic cirrhosis or HCC have been attributed to liver damage
as hepatocytes are the primary source of IGF-1 (21). The
observation that IGF-1 synthesis is attenuated in chronic
hepatitis C and reflects the severity of liver fibrosis appears
to support this hypothesis (22). However, in the present study,
the status of hepatitis infection but not the state of clinical
liver cirrhosis was found to correlate with the serum IGF-1
levels. This may be due to the comparable liver functions of
the patients enrolled in this study. Although the majority of
the patients in the present study had Child-Pugh class A liver
function, the levels of IGF-1 served to predict progression and
mortality, regardless of the remnant liver function. Therefore,
the serum levels of IGF-1 may be considered in addition to
other parameters, such as Child-Pugh class or BCLC stage,
to aid the assessment of hepatic function and prognostically
evaluate patients with HCC (20).

In conclusion, the present study shows that the baseline
serum IGF-1 level correlated with clinical factors of patients
with HCC and was an independent predictive factor for TTP
and OS. The results suggest that serum IGF-1 may serve as a
novel factor for use in determining the prognosis of patients
with HCC undergoing TACE.
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