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Background: The Child-Turcotte—Pugh score (CTP) is the most commonly used tool to assess
hepatic reserve and predict survival in hepatocellular cancer (HCC). The CTP stratification
accuracy has been questioned and attempts have been made to improve the objectivity of the
system. Serum insulin-like growth factor-1 (IGF-1)-CTP has been proposed to improve CTP
prognostic accuracy. We aimed to validate the IGF-CTP score in our patient population.
Patients and Methods: A total of 84 diagnosed HCC patients were enrolled prospectively.
IGF-CTP scores in addition to CTP scores were calculated. C-index was used to compare the
prognostic significance of the two scoring systems and overall survival (OS).

Results: Cirrhosis was present in 48 (57.1%) patients, 35 (41.7%) patients were non-
cirrhotic, 36 (42.8%) patients were hepatitis B (HBV) positive, and 8 (9.5%) patients were
hepatitis C (HCV) positive. Serum IGF-1 levels were significantly lower in cirrhotic com-
pared with non-cirrhotic patients (p=0.04). There was a significant difference in OS rates of
patients with serum IGF-1 level <50 ng/mL and patients with serum IGF-1 levels >50 ng/mL
(p=0.02); the OS rates were 6.5 and 14.8 months, respectively (p=0.02). The median OS of
all patients was 7.38 months (95% CI: 5.89-13.79). The estimated C-index for CTP and IGF-
CTP scores was 0.605 (95% CI: 0.538, 0.672) and 0.599 (95% CI: 0.543, 0.655), respec-
tively. The U statistics indicated that the C-indices between two scoring systems are not
statistically different (P= 0.91).

Conclusion: This study evaluated IGF-1 levels and the IGF-CTP classification in
a predominantly HBV (+) cohort of HCC patients with 41.7% non-cirrhotic. Although the
prognostic value was similar, among patients with CTP-A, class those reclassified as IGF-CTP
B had shorter OS than those with IGF-CTP score A. Thus, further validations of IGF-CTP score
in similar populations may add additional value as a stratification tool to predict HCC outcome.
Keywords: Child—Turcotte—Pugh, cirrhosis, hepatocellular carcinoma, insulin-like growth
factor-1

Introduction

Hepatocellular carcinoma (HCC) is the sixth most common cancer and the fourth
leading cause of cancer-related mortality worldwide.' It usually develops in patients
with chronic liver disease or cirrhosis. Despite advances in prevention, screening
and treatment strategies, overall survival remains poor, and a 5-year survival rate is
still under 20%.? Treatment decisions for HCC are challenging and are commonly
based on an assessment of hepatic reserve based on clinical and laboratory findings.

There are several staging and prognostic scoring systems considered in the decision
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making for the treatment of HCC such as TNM, the
Barcelona Clinic Liver Cancer (BCLC), Okuda, cancer
of the Liver Italian Program (CLIP), Child—Turcotte—
Pugh (CTP), Model for End-Stage Liver Disease
(MELD), and ALBI score, etc.*”’ The BCLC staging
system is the most commonly used staging system, and it
classifies patients into five categories; very early (0), early
(A), intermediate (B), advanced (C), and terminal (D). The
factors that are considered in the BCLC staging system are
patient performance status, tumor size, number of nodules,
major vascular invasion status, presence or absence of
extrahepatic spread (lymph node involvement or metasta-
sis), and the CTP score.® The MELD is a chronic liver
disease severity scoring system that uses a patient’s labora-
tory values which include serum bilirubin, serum creati-
nine, and the international normalized ratio (INR).® In this
way, 3-month survival rates are predicted based on these
laboratory results. The CTP classification system has been
a standard classification system over decades for assessing
the hepatic reserve to determine the prognosis of cirrhotic
patients and to help patient selection for routine therapy
and clinical trial enrollment and stratification.” Despite the
presence of objective parameters such as serum bilirubin,
serum albumin, and the international normalized ratio of
prothrombin time (INR) in the CTP system, there are two
subjective parameters which include ascites and encepha-
lopathy. These scores can be subjective and may change
on a daily basis under the influence of medications and
nutritional status. Our team integrated insulin-like growth
factor-1 (IGF-1) into CTP and developed and validated
IGF-CTP classification system in 2014.'" In this newly
proposed classification system, two subjective parameters
in the CTP scoring system, ascites and encephalopathy,

1.'° Most of the circu-

were replaced by serum IGF-1 leve
lating IGF-1 is produced by the liver, and therefore, cir-
culating IGF-1 level reflects hepatic synthetic function.
The relationship between IGF-1 level and hepatic function
has been reported by several studies that demonstrated the
correlation between the severity of cirrhosis and the devel-
opment of HCC and low serum IGF-1 concentration.''
Furthermore, the levels of IGF-1 are significantly lower in
with cirthosis CTP C than CTP A and

B. Additionally, correlation with other advanced cirrhotic

patients

and portal hypertension parameters such as albumin level,
INR value, and spleen size also has been reported.'*'®
Similarly, a significant decrease in IGF-1 concentration
was observed in patients with advanced HCC.'” Notably,

the CTP classification system has been developed for

cirrhotic patients, and eventually became the standard
tool to assess hepatic reserve in HCC, despite its limita-
tions. Our team developed and validated the IGF-CTP
score and reported improved prediction of OS by the
new IGF-CTP classification system. However, there is
a need to validate the new scoring system in a different
cohort of patients with HCC. This study is a validation
study of the IGF-CTP system to determine its predictive
value for OS in Turkish patients with predominantly HBV
related HCC, and also to investigate the independent pre-
dictive and/or the prognostic role of serum level of IGF-1
when used alone in these patients.

Patients and Methods

Patients

The patients who were diagnosed with HCC in the clinic or
admitted to our hospital with HCC diagnosis between
November 2014 and May 2017 were included. Patients’
data were prospectively collected in the database at the
Cancer Institute of the Hacettepe University, and serum
samples were obtained at baseline, at the time of study
enrollment. The patients with HCC diagnosis with either
histopathologically or based on radiological findings that
determined in AASLD (American Association for the
Study of Liver Diseases) and EASL (European Association
for the Study of Liver) guidelines were included.'®" For
cirrhotic patients with the absence of histological confirma-
tion, the diagnosis must be based on the typical hallmark of
HCC in imaging techniques that obtained by 4-phase multi-
detector CT scan or dynamic contrast-enhanced MRI (hyper-
vascular in the arterial phase with washout in the portal
venous or delayed phases). Other eligibility criteria were
patients aged 18 years or older, and collected variables
included level of serum Alfa-fetoprotein (AFP) concentra-
tions, hematological and biochemical parameters, HCC stage
based on BCLC staging system (stages 0, A, B, C or D), and
the score of CTP classification. Liver cirrhosis in the patients
with HCC was determined based on histological or clinical
information or imaging and laboratory results, which
reflected the hepatic reserve and classic clinical signs of
cirrhosis such as non-malignant ascites, hepatic encephalo-
pathy, thrombocytopenia, splenomegaly, and the presence of
esophageal varices. Patients were excluded if they had addi-
tional cancer diagnosis other than HCC. The CTP score of
the patients was assessed for all patients based on serum
bilirubin, albumin, and INR as laboratory parameters, and
ascites and hepatic encephalopathy as clinical findings.
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Treatment decisions of patients have been discussed in
a multidisciplinary manner at the institution liver tumor
board to discuss patients’ candidacy for local and systemic
treatment modalities which were then recommended based
on the guidelines. Concurrent treatment with both systemic
and local approaches was included as study variables.
Laboratory parameters, including serum IGF-1, were
obtained, and survival rates were calculated. The Body
Mass Index (BMI) was calculated as weight in kilograms
divided by the square of height in meters, and classified
according to the International Classification of WHO as
underweight, healthy weight, overweight and obesity. The
patient defined as underweight if BMI was in the range of 15
to 19.9, healthy weight if the BMI was 20 to 24.9, overweight
if BMI was 25 to 29.9, and obese if it was 30 to 35 or greater.

Laboratory Parameters and Serum IGF-I

Measurement

Laboratory results were obtained at the time of initial HCC
diagnosis or the time of patients’ inclusion in the study. Blood
samples for IGF-1 measurements were collected and stored at
—80°C until the end of the study. To quantify circulating IGF-1
levels, serum samples were analyzed in duplicate using the
human IGF-1 ELISA Kit (Elabscience, catalog no: E-EL-
HO0086) according to the manufacturer’s instructions. IGF-
CTP scores were calculated and assigned class A, B or
C based on serum albumin, bilirubin, and prothrombin time
and plasma IGF-1 level replaced ascites and encephalopathy
grading. Firstly, the optimal serum IGF-1 ranges of patients
were determined and formed three distinct groups related to
survival time as used in the first study: more than 50 ng/mL = 1
point; 26 to 50 ng/mL = 2 points and less than 26 ng/mL =3
points. Thereafter, we used the new IGF score (IGF-CTP)
which replacing the acid and encephalopathy grading with
the plasma IGF-1 value.

Ethical Aspects

The study was designed and conducted following the
Helsinki declaration. Approval of the study was granted
from the Ethics and institutional research committees of
the Hacettepe University Faculty of Medicine.

Assessment of Survival Outcomes

The primary outcome of interest was overall survival (OS)
defined as the time from the blood draw date to death or
censorship, in which individuals lost to follow-up were
censored at the date they were last known to be alive.

Additionally, the analyses were also performed for the
OS from the date of diagnosis to the date of death or the
last follow-up date. OS was calculated for all patients.

Statistical Analysis

The Log rank test was used to compare the OS. Univariate
Cox model, C-index and U-statistics were used to compare
the prognostic performance of the new (IGF-CTP) and
original Child-Turcotte—Pugh systems. Differences in
patients’ characteristics were compared, and categorical
variables, number of patients and percentage of patients
in each category were provided. Chi-Square (X2) or
Fisher’s exact test was used to test for statistical differ-
ences between the treatment groups. Survival rates were
estimated by the Kaplan—-Meier method and the Log rank
test was used to compare OS rates between groups.
Univariable and multivariable associations between survi-
val and the covariates were investigated using the Cox
proportional hazards model. Hazard ratios (HRs) with
95% confidence intervals (ClIs) were calculated. All tests
were 2-sided with a significance level of 0.05. Analyses
were performed using SPSS version 22 statistical software
(IBM Corporation, Somers, New York, USA).

Results

Baseline Patient Characteristics
From November 2014 to May 2017, a total of 84 patients
with HCC were enrolled. All patients were informed about
the purpose of the study and only patients who consented
and agreed to provide blood samples for further evaluation
were enrolled in the study. Thirteen (15.5%) of the patients
were female and 71 (84.5%) of patients were male, the
median age was 64 years (range; 19-90 years). Fifty-eight
(69%) patients were CTP A, 22 (26.2%) were CTP B and 3
(3.6%) were CTP C. Among HCC patients, HBV positive
patients were much more common than HCV positive
patients. In terms of the type of hepatitis, 36 (42.9%)
patients were HBV positive, 48 (57.1%) were HBV nega-
tive, 8 (9.5%) were HCV positive and 76 (90.5%)
remained patients were HCV negative. Among those
whose cirrhosis status was known, 48 of the patients
were cirrhotic and 35 were non-cirrhotic. Overall survival
time was computed as the period from the blood collection
date to the date of death or the last follow-up date, which-
ever occurred first.

Sixty-nine of the 84 patients died. The estimated median
survival was 7.38 months (95% CI: 5.89—13.79 months). The
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estimated C-index for Child—Turcotte—Pugh score system was
0.605 (95% CI: 0.538, 0.672), and the estimated C-index was
0.599 (95% CI: 0.543, 0.655) for the IGF-integrated score
system. The U statistics indicated that the C-indexes between
two score systems were not statistically different (P-value =
0.91). In the general population, the estimated median overall
survival rate was 13.7 months (95% CI: 9.54—17.92 months)
(Figure 1). In terms of OS rates according to the BCLC
staging system, there was a statistically significant difference
between stages. The median OS of very early stage patients
was 74.6 months, 38.7 months for early-stage, 28.3 months
for intermediate stage, 8.8 months for advanced stage, and 1.6
months for terminal stage patients (p<0.001) (Figure 2).
According to serum IGF-1 levels, using a cutoff of 50
(which is the lowest normal IGF-1 level per IGF-CTP
score), there was a significant difference between median
OS rates of patients with serum IGF-1 level <50 ng/mL and
patients with serum IGF-1 levels >50 ng/mL; 6.5 and 14.8
months, respectively (p=0.02) (Figure 3).

Table 1 displays the number of patients classified by the
original CTP score system and by the IGF-modified score
system. Table 2 displays the results of the Log rank test to
compare OS between groups with IGF <26 and IGF > 26 as
well as IGF-CPS A vs B (ie old A new A vs old A new B) for
Child-Pugh “A” and “B” patients separately. IGF-CTP further
stratified CTP A patients in the prognostic outcome. Twenty-
four patients with CTP-A were reclassified as IGF-CTP A and
has a median OS of 16.48 (95% CI=7.47, NA), 34 patients
were reclassified as IGF-CTP B had a shorter median OS of
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Figure | Kaplan-Meier curve shows the median overall survival rate in general
patient population.
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Figure 2 Kaplan-Meier curve demonstrates the survival rates of HCC patients
according to the BCLC staging system.
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Figure 3 Kaplan-Meier curve shows the the survival rates of HCC patients
according to serum IGF-1 level.

7.38 (95% CI=6.55, 16.91). Among CTP B patients, two were
reclassified as IGF-CTP A with a median OS of 19.4 (95%
CI=14.87, NA) while 13 were reclassified as IGF-CTP B with
a shorter median OS of 5.43 (95% CI=1.81, NA). Two patient
groups were created according to their serum AFP levels,
group A represented patients with serum AFP levels <400
ng/mL and group B represented the patients with AFP level
>400 ng/mL. There was a statistically significant difference
between OS rates of group A and group B, the median OS rate
was 18.6 and 9.1 months, respectively (p=0.032) (Figure 4).
As a prognostic factor for HCC patients, tumor-related vascu-
lar invasion status was evaluated, and 36 patients (42.8%) had
vascular invasion, 47 (56%) did not have, and 1 (1.2%) patient
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Table | Child-Pugh—Turcotte (CTP) Score Vs IGF-Child—Pugh—
Turcotte Score Class

IGF-CPT (CPG New) Child-Pugh-Turcotte Class

A B C Total
A 24 2 0 26
B 34 13 0 47
C 0 7 3 10
Total 58 22 3 83

Frequency Missing = |

was with unknown status. There was a statistically significant
difference between OS rates of patients without vs with tumor
vascular invasion, the median OS rate was 24.6 and 8.8
months, respectively (p<0.001) (Figure 5). Several laboratory
parameters related to the liver and HCC were analyzed, the
median LDH was 250.5 (76-1073) U/L, ALT was 35 (8-268)
U/L, AST was 50 (16-620) U/L, ALP was 153.5 (56-1222) U/
L, GGT was 144.5 (25-1719) U/L, and AFP was 128.5 (1.2—
286.748) U/L. There was a negative correlation between
serum IGF-1 levels and MELD score, patients who had higher
MELD scores tended to have lower IGF-1 (p=0.03). The first
treatments that HCC patients had after diagnosis were divided
into six groups that included radiofrequency ablation (RFA)/
microwave ablation (MWA), transarterial chemoembolization
(TACE)/transarterial radioembolization (TARE), systemic

cytotoxic therapy, tyrosine kinase inhibitor treatment (TKI),
surgical treatment, and best supportive care (BSC) groups.
Among 75 patients who had the first-line treatment data, 7
(8.3%) of the patients had RFA/MWA, 22 (26.2%) of the
patients had TACE/TARE, 24 (28.6%) of the patients had
systemic cytotoxic treatment, 9 (10.7%) of the patients had
TKI treatment, 9 (10.7%) of the patients had tumor resection at
the initial and 4 (4.8%) of the patients followed with BSC
(Table 3). We used univariate cox regression analysis to deter-
mine the first-line treatment modalities that may be related to
patients’ survival. Similarly, this analysis was conducted to
determine the effect of serum IGF-1 levels, serum AFP levels,
portal vein thrombosis status, AST, ALT, bilirubin, metastatic
status, first-line treatment modality, and gender on survival as
well (Table 4). Patients were divided into three groups accord-
ing to tumor size, <2 cm, >2 to <5 cm, and >5 cm, respectively.
There were 11 patients in <2 cm group, 19 patients in >2 to
<5 cm group, and 52 patients in the >5 cm groups. The median
OS was 43.8 months in the <2 cm group, 17.9 months in the
>2 cm to <5 cm group, and 9.2 months in the >5 cm group.
There was a significant difference between the groups in terms
of overall survival (p=0.005) (Figure 6). According to patient
BMI scores, 30 patients were classified as healthy overweight,
30 patients were overweight, and 15 patients were classified as
obese. The diabetes rate was 26%. There was no relationship
between patients’ BMI classes and IGF-1. The median follow-

Table 2 Compare OS Between Groups of IGF-1 <26 Ng/mL Vs IGF-1 >26 Ng/mL, IGF-CTP a Vs B in Each Categorical of Child—Pugh

Score System

Scoring System | Level N | Event | Median OS (95% CI) | OS Rate at | Year (95% ClI) | P-value
Child Pugh “A” Child Pugh “A” | 58 | 44 11.94 (7.07, 18.42) 0.5 (0.39, 0.65)
IGF-1 0>26 31 | 23 11.81 (5.56, 28.62) 0.48 (0.34, 0.7) 0.7768
1<26 27 | 21 12.07 (6.55, 26.32) 0.52 (0.36, 0.75)
IGF-CTP A 24 | 16 16.48 (7.47, NA) 0.58 (0.42, 0.82) 0.1292
B 34 | 28 7.38 (6.55, 16.91) 0.44 (0.3, 0.64)
Group Old A new A 24 | 16 16.48 (7.47, NA) 0.58 (0.42, 0.82) 0.1292
Old A new B 34 | 28 7.38 (6.55, 16.91) 0.44 (0.3, 0.64)
Child Pugh “B” Child Pugh “B” | 22 | 21l 6.48 (2.11, 13.52) 0.32 (0.17, 0.59)
IGF-1 0>26 7 7 9.74 (2.11, NA) 0.43 (0.18,1) 0.4913
1<26 I5 | 14 6.02 (1.94, 13.52) 0.27 (0.12, 0.62)
IGF-CTP A 2 2 19.41 (14.87, NA) (I, 1) 0.0747
B 13 113 5.43 (1.81, NA) 0.15 (0.04, 0.55)
Cc 7 6 6.94 (1.97, NA) 0.43 (0.18, I)
Group Old B new A 2 2 19.41 (14.87, NA) (1) 0.0747
Old B new B 13 113 5.43 (1.81, NA) 0.15 (0.04, 0.55)
Old B new C 7 6 6.94 (1.97, NA) 0.43 (0.18, I)
Journal of Hepatocellular Carcinoma 2020:7 submit your manuscript 147
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Figure 4 Kaplan-Meier curve illustrates the survival rates of HCC patients accord-
ing to serum AFP level.
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Figure 5 Kaplan-Meier curve shows the survival rates of HCC patients according
to portal vein thrombosis status.

up time as the time from diagnosis of HCC date to death or
censorship was 59.7 months (range 37.9-81.4 months).
Additionally, the median follow-up time as the time from
blood collection date to death or censorship was 32.8 months
(range 7.9-57.6 months).

Discussion

In this study, we validated serum IGF-1 levels in an HCC
patient population as a serum marker of the liver reserve
for the prediction of patient survival and risk stratification.
Overall, the IGF-CTP classification system that replaces

Table 3 Demographic and Clinical Characteristics of the Patients

at Baseline
Number Percentage
Total patients (n) 84 100%
Median age of all patients 64 (19-90) | 100%
Median age Female 65 (29-85) | 19%
Male 64 (19-90) | 81%
Gender Female 13 15.5%
Male 71 84.5%
Serum AFP level <400 53 63.1%
>400 30 35.7%
Not reported | 1.2%
Child-Turcotte— A 58 69%
Pugh classes B 22 26.2%
C 3 3.6%
Not reported | 1.2%
Portal vein invasion | No 47 56%
Yes 36 42.8%
Not reported | 1.2%
Treatment groups Surgery 9 10.7%
as the first-line RFA or MWA 7 8.3%
TACE or TARE 22 26.2%
Systemic 24 28.6%
cytotoxic
treatment
Tyrosine Kinase 9 10.7%
inhibitor
BSC 4 4.8%
Not reported 10.7%
Hepatitis Infection HBV | Positive | 36 42.9%
Negative | 48 57.1%
HCV | Positive 8 9.6%
Negative | 76 90.4%
The BCLC stage Very early | 1.2%
Early 18 21.4%
Intermediate 13 15.5%
Advanced 50 59.5%
Terminal 2 2.4%
Cirrhosis status No 35 41.7%
Yes 48 57.1%
Not reported | 1.2%
Diabetes No 46 54.8%
Yes 22 26.2%
Not reported 16 19%
Body mass index Healthy weight 30 35.7%
(BMI) Overweight 30 35.7%
Obese 15 17.9%
Not reported 9 10.7%
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Table 4 Cox Regression Analysis and Prognostic Factors for

Survival

Hazard Ratio (95% CI)¥ | P value
IGF-1250 vs IGF-1<50 0.50 (0.27-0.91) 0.024*
AFP >400 vs AFP <400 1.95 (1.19-3.18) 0.008*
Male vs female 0.78 (0.40-1.48) 0.44
Portal vein invasion positive vs negative | 2.36 (1.45-3.85) 0.001*
AST >45 vs AST <45 2.64(1.57-4.44) <0.001*
ALT >40 vs ALT <40 1.70(1.05-2.76) 0.031*
Bilirubin >2 vs bilirubin <2 2.17(1.18-4.02) 0.013*
Metastatic status, positive vs negative | 2.18 (1.24-3.84) 0.007*
Surgery vs BSC 0.05 (0.01-0.21) <0.001*
Systemic cytotoxic treatment vs BSC | 0.23 (0.07-0.71) 0.011*
Tyrosine Kinase vs BSC 0.29 (0.08-1.03) 0.056
RFA or MWA vs BSC 0.14 (0.04-0.51) 0.003*
TACE or TARE vs BSC 0.14 (0.04-0.45) 0.001*

Notes: *Statistically significant. p<0.05 was considered as significant.
Abbreviations: IGF-1, insulin-like growth factor I; BCLC, Barcelona Clinic Liver
Cancer; AFP, a-fetoprotein; ALT, alanine transaminase; AST, aspartate transaminase;
INR, international normalized ratio; TACE, transarterial chemoembolization; TARE,
transarterial radioembolization; RFA, radiofrequency ablation; MWA, micro wave
ablation; TKIs, tyrosine kinase inhibitors; BSC, best supportive care.

encephalopathy and ascites with serum IGF-1 levels pro-
vided similar survival prediction ability to CTP and did
not lead to more precise predictions compared to the
original CTP classification in our HCC patients as reported
previously.'®?° However, our 4-blood parameter score
remained easier to calculate and more objective.

Notably, IGF-1 has a crucial regulating role upon the
proliferation and differentiation of the cell. IGF-1 is
a peptide hormone with strong mitogenic effects on both

normal and cancerous cells,”'*?? and also activated IGF-1
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Figure 6 Kaplan-Meier curve demonstrates the survival rates of HCC patients
according to the largest tumor size.

inhibits cell apoptosis.”> There are several studies that
have reported the association between high serum levels
of IGF-I and increased risks of different types of cancer
such as those of the prostate, breast, esophagus, colon, and
lung.**2® The relationship between IGF-1 and HCC is
different, unlike other cancers types; patients with HCC
have lower serum IGF-1 levels than healthy controls.?’
One of the possible reasons is the hepatic synthesis that
is the major source of circulating IGF-1, therefore,
advanced cirrhosis and/or HCC tumors suppress normal
hepatic function by replacing normal hepatocytes. This
was also evident in our study in patients with versus
those without cirrhosis, Table 5. Previous studies reported
the association between low serum IGF-1 levels in HCC
patients and extensive liver involvement, vascular inva-
sion, and shorter OS.*® In our study, the mean serum IGF-
1 level was 36.3 ng/mL (standard deviation (SD) + 38.97
ng/mL), which was consistent with prior reports (two
studies and one meta-analysis) of significantly decreased
serum levels of IGF-1 in patients with HCC.*>* " In these
studies, patients with lower serum IGF-1 levels were asso-
ciated with worse prognosis (survival outcomes) than
patients with higher IGF-1 levels. Similarly, our study
demonstrated that HCC patients with lower serum IGF-1
had a worse OS than patients with higher IGF-1.
Additionally, serum IGF-1 levels were found to be an
independent predictor of survival in univariate analysis
of our patient cohort.

Moreover, serum IGF-1 levels varied in patients based
on their CTP classes. Cirrhotic patients with preserved
liver functions defined as CTP class A tended to have
higher IGF-1 levels than patients with advanced-stage
CTP class B and C.''3® Therefore, serum IGF-1 has
been considered as a surrogate marker for hepatic reserve
in cirrhotic patients. Consistent with these findings, we
found that IGF-1 levels changed significantly according
to the presence or absence of cirrhosis of the patients in
our study, Table 5.

In our study, serum IGF-1 levels were associated with
albumin, INR, and MELD score, and additionally, for the
association between AST and IGF-1, there was a trend
towards being significant. Although not statistically sig-
nificant in all categories, possibly due to the small number
of patients in our study which was not powered to assess
specific parameter correlation, these results were consis-
tent with two previous studies.’*>' Therefore, in contrast
to Kaseb et al (2014) study, the current study shows that
among tumor patient’s characteristics, tumor nodularity
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Table 5 Serum Level of IGF-I
Characteristics of HCC Patients

According to Different Table 5 (Continued).

Patient G f The M P val
Patients Groups of The Mean P value atients roups o ¢ Tean value
L. i Characteristics | Variable Serum Level of
Characteristics | Variable Serum Level of IGE-I
IGF-I(range) -I(range)
Age <60 428 (13-1435) 03 Child-Turcotte— . ;il (i?—::?;) 0.054
>60 327 (29-141.3) Pugh class 4 21-1313)
42 (1.3-67)
Gender Female 385 (3.9-132.1) 0.8 T N
Male 35.9 (1.3-143.5) First-line Surgery 77.4 (10.8-143.5) 0.019
treatment RFA or MWA 19.6 (2.9-41.8)
Cirrhosis status No 46.2 (1.3-141.3) 0.04* modality TACE or TARE | 35.2 (3.1-138.7)
Yes 29.1 (2.1-143.5) Cytotoxic 39.4 (4.2-131.3)
The largest <5cm 40 (2.9-143.5) 0.6 treatment
cumour size >5 cm 35.2 (1.3-141.3) TKis 38.3 (3.9-108.7)
BSC 42 (13-97)
Number of Unin.odularity 36.01(3.1-138.7) 0.9 Notes: *Statistically significant, p<0.05 was considered as significant.
Tumour lesions Multinodularity | 37.11 (1.3-143.5) Abbreviations: IGF-1, insulin-like growth factor |; BCLC, Barcelona Clinic Liver
Cancer; AFP, a-fetoprotein; ALT, alanine transaminase; AST, aspartate transaminase;
Lymph node No 384 (2.9-143.5) 0.4 INR, international normalized ratio; TACE, transarterial chemoembolization; TARE,
involvement Yes 30.7 (1.3-138.7) transarterial radioembolization; RFA, radiofrequency ablation; MWA, micro wave
ablation; TKiIs, tyrosine kinase inhibitors; BSC, best supportive care.
Distant No 39.6 (2.1-143.5) 0.12
metastasis Yes 23.4 (1.3-118)
Vascular invasion | No 38.8 (2.9-143.5) 0.6 (uni- or multi-nodularity), largest tumor size, tumor meta-
Yes 339 (1.3-1387) static status, and the BCLC stage had no significant corre-
Serum AFP level | <400 39.7 (2.9-143.5) 03 lation with serum IGF-1 levels; however, first-line
>400 305 (1.3-118) treatment modality, which was significantly different in
Serum ALT value | <40 35.3 (29-141.3) 08 terms of survival rates, had a significant correlation with
>40 37.6 (1.3-143.5) serum IGF-1 levels in the present study which is consistent
Serum AST level | <45 461 (29-1435) | 0054 with IGF-1 predictive value in HCC. Furthermore,.low
>45 292 (13-131.3) serum IGF-1 levels have been reported to be associated
with extensive liver involvement and vascular invasion in
Serum Bilirubin <2 389 (2.9-143.5) 0.3 . h 30 h h |
> 27.2(13-1313) patients with HCC.”™ In the present study, the vascular
invasion positive patients had lower IGF-1 levels than
Hepatitis C Negative 36.7(1.3-143.5) 0.8 . . . . .
> vascular invasion negative patients; however, it was not
Positive 33.2 (2.10-132.1) o o )
statistically significant for the same reason of being
Hepatitis B Negative 34.3(2.10-132.1) 0.6 underpowered.
Positive 39.1(1.3-143.5 . .
( ) IGF-CTP classification has been developed by Kaseb
Albumin <35 21.1 (1.3-88.1) 0.009* et al (2014) based on replacing the two subjective para-
>33 446 29-143.5) meters (ascites and encephalopathy) of the original CTP
INR <12 41.5 (2.1-143.5) 0.018*% classification system with blood IGF-1 which made it
>1.2 17.2 (1.3-75.3) a totally objective score. The IGF-CTP classification has
The BCLC stage | Very early 41.8 (41.8-418) | 05 been studied in three independent cohorts to predict survi-
Early 47.1 (2.9-143.5) val in patients with HCC compared to the original CTP
Intermediate | 30.4 (6.3-132.1) classification. The first validation study was done with 100
Advanced 352 (2.1-1387) Egyptian patients with HCC, the difference between IGF-
Terminal 2.8 (1.344) .. . ..
CTP and original CTP systems was statistically significant,
Metastatic status | No 39.6 (2.1-143.5) | 0.12 and the IGF-CTP score was validated as a survival pre-
Yes 234 (1.3-1180) dictor in this cohort.? In this study, the rate of reclassified
(Continued) CTP class A as IGF-CTP class B was 32.5%, and rate of
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IGF-CTP class B was significantly worse than OS rate of
IGF-CTP class A. The second study was done with 393
Korean patients with HCC, and the vast majority (78.9%)
of patients in the study were hepatitis B virus-positive.>*
Although there was a trend towards a better prediction of
survival by the IGF-CTP classification system compared
to the original CTP system, the difference (14%) between
the two classification systems was not statistically signifi-
cant. However, the Korean study included 71.5% of early-
intermediate stage HCC patients, defined as BCLC stages
0-B, who are classic candidates for surgery, transplant,
ablation, and local therapy procedures, which may have
affected their survival independently, Table 6. The third
validation study was performed on 216 German patients
with HCC. In contrast to the Egyptian and Korean cohorts,
the most common factor that caused liver disease was
alcohol. In the German cohort, the patient reclassification
rate was 35.6% when the IGF-CTP system was used. The
IGF-CTP score allocated the majority of patients into
high-risk group C. This reassignment did not improve the
prediction of OS, and the C-index analysis showed no
relevant improvement in prediction.’’ However, the study
population was very heterogeneous since it included
28.3% early-intermediate stage patients, defined as
BCLC stages 0-B, in addition to 20% of terminal stage
patients, defined as BCLC stage D, which may have inde-
pendently affected patients survival as well, Table 6.
Similarly, in our current cohort, 38.1% were classified as
BCLC stages 0-B, while the majority of the US validation
cohort (Kaseb et al, 2014) were classified as advanced
HCC, BCLC stage C; 76.8%. In our current cohort,
51.8% of patients were reclassified, and the majority of
reclassified patients were CTP class A, who classified to

IGF-CTP class B. The IGF-CTP classification system in
our study was not superior to original CTP score in terms
of prediction of OS, and the estimated C-index for CTP
score system was 0.605 (95% CI: 0.538, 0.672), and the
estimated C-index was 0.599 (95% CI: 0.543, 0.655) for
the IGF-CTP system, the difference was not statistically
significant.

The potential explanation for the results of our study
that appear to be different from previous studies that
analyzed the IGF-CTP system is that our patients might
have had different characteristics and disease stage. For
example, 100% of Egyptian patients and 91.1% of Korean
patients had viral hepatitis, while only 51.8% had hepatitis
in our study. The main difference between the German
study and others is that the majority of the causes of liver
disease were non-viral, which may have affected the pre-
diction power of the IGF-CTP system. Another reason for
the different results obtained in the studies is the incon-
sistency between patient distributions in the BCLC and
also CTP classes and HCC treatment modalities. Among
the CTP classes of the studies, the most distinctly different
patient distribution was found in CTP C; the rate of
patients with CTP C was 2.6% in US validation study,
28% in the Egyptian cohort, 0.5% in the Korean cohort,
17.6% in the German cohort, and 3.6% in the Turkish
cohort. Therefore, most of the studies were underpowered
to test the superiority of IGF-CTP. Therefore, in future
validation, focusing on specific disease stages, such as
BCLC stage C, Child-Pugh A which is the most commonly
treated population with systemic therapy per international
guidelines will carry the best potential to assess the utility
of the objective IGF-CTP score.

Table 6 Comparative Characteristics of Patient Populations of Validation Studies and Original Study

Cohort Number Viral Hepatitis Cirrhosis CTP Classes The BCLC Stages oS
of Patient Month

HBV HCV Yes | No | A B C 0 A B C D

Positive Positive (%) | (%) | (%) | (B) | (%) | (%) | (B) | (%) | (%) | (%)

(%) %)
US training (9) 310 44.8* 44.8* 626 | 374 | 718 | 256 | 26 | 65 |87 |97 |632]|74 13.2
US validation (9) | 155 50.3* 50.3* 63.6 | 364 | 813 | l6.1 | 2.6 1.3 | 84 I 768 | 2.5 15.7
Egyptian (19) 100 0 100 87 13 40 32 28 0 | 8 60 31 8.6
Korean (33) 393 78.9 12.2 489 | 51.1 | 85 14505 | 209 | 402 | 94 | 29 0.5 NR
German (30) 216 13.0 1.6 80.1 | 19.9 | 50 324 | 176 | O 167 | 11.6 | 514 | 204 | 114
Turkish (current | 84 42.8 9.5 578 | 422 | 699 | 265 | 3.6 12 | 214 | 155|595 |24 |73
study)

Note: *The rate of HCV and HBV has not been reported separately.

Abbreviations: NR, not reached; HCV, hepatitis C; HBV, hepatitis B; CTP, Child—Turcotte—Pugh; The BCLC, the Barcelona Clinic Liver Cancer.
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In conclusion, the IGF-CTP system, which has been
recently developed and validated, is a new, promising and
reliably objective classification system for hepatic reserve
risk stratification of patients with HCC and predicting their
OS rates. Our study validated the independent value of IGF-1
in predicting survival in HCC; however, it did not show the
superiority of IGF-CTP over original CTP. Nonetheless, the
IGF-CTP classification system still needs to be validated by
future studies that should focus on homogeneous patient
populations in terms of the HCC stage and therapeutic mod-
ality tested to assess the prognostic and predictive ability of
IGF-CTP score. This is critical to improving risk stratification
of HCC patients which is essential to the selection of patients
for active therapy in routine practice and patients’ stratifica-
tion in clinical trials, given the limitation of original CTP, the
current standard in assessing hepatic reserve in HCC.

Abbreviations

HCC, Hepatocellular carcinoma; IGF-1, Serum insulin-
like growth factor-1; The BCLC, Barcelona Clinic Liver
Cancer; CLIP, cancer of the Liver Italian Program; CTP,
Child-Turcotte—Pugh; MELD, Model for End-Stage Liver
Disease; AFP, alfa-fetoprotein; TACE, transarterial che-
moembolization; TARE, transarterial radioembolization;
RFA, radiofrequency ablation; MWA, micro wave abla-
tion; TKIs, tyrosine kinase inhibitors; BSC, best suppor-
tive care; HBV, hepatitis B virus; HCV, hepatitis C virus.
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