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Abstract

Background

Recently, a modified insulin-like growth factor-1 (IGF)–Child-Turcotte-Pugh (CTP) classifi-

cation was proposed to improve the original CTP classification. This study aimed to validate

the new IGF-CTP classification system as a prognostic maker for patients with hepatocellu-

lar carcinoma (HCC) in a hepatitis B virus endemic area.

Methods

We conducted a post-hoc analysis of a prospective cohort study. We used Harrell’s C-index

and U-statistics to compare the prognostic performance of both IGF-CTP and CTP classifi-

cations for overall survival. We evaluated the relationship between HCC stage and the four

components of the IGF-CTP classification (serum levels of IGF-1, albumin, and total biliru-

bin and prothrombin time [PT]) using nonparametric trend analysis.

Results

We included a total of 393 patients in this study. In all, 55 patients died during the median fol-

low-up of 59.1 months. There was a difference between IGF-CTP class and CTP class in

14% of patients. Overall, the IGF-CTP classification system had a higher prognostic value

(C-index = 0.604, 95% confidence interval [CI] = 0.539–0.668) than the CTP system (C-

index = 0.558, 95% CI = 0.501–0.614), but the difference was not statistically significant
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(P = .07 by U-statistics). A lower serum level of IGF-1 was related to a more advanced can-

cer stage (P < .01). The remaining components of the IGF-CTP classification were not sig-

nificantly related to tumor stage (P = .11 for total bilirubin; P = .33 for albumin; and P = .39

for PT).

Conclusions

The IGF-CTP classification was slightly better than the original CTP classification for pre-

dicting survival of patients with HCC in a chronic hepatitis B endemic area. This is most likely

due to the fact that serum IGF-1 levels reflect underlying HCC status.

Introduction

Most cases of hepatocellular carcinoma (HCC) occur in the setting of chronic hepatitis and

liver cirrhosis. Because of these co-existing underlying liver diseases, the functional reserve of

the liver, in addition to tumor status, is a major prognostic factor in patients with HCC. The

Child-Turcotte-Pugh (CTP) classification system has been the most widely accepted prognos-

tic model for evaluating functional hepatic reserve.[1] The CTP classification is based on three

objective variables (total bilirubin, albumin, and prothrombin time [PT]) and two subjective

variables (ascites and encephalopathy). CTP class has been confirmed as a valuable surrogate

marker for survival in many independent cohorts of patients with liver disease.[2, 3] However,

the inclusion of ascites and encephalopathy allows for inter-observer variation, which has led

clinicians to question the reproducibility of the CTP score. Thus, the need for a more accurate

prognostic model has prompted the search for more objective markers of liver function in

HCC.[4, 5]

Insulin-like growth factor (IGF)-1 is a hormone that is mainly synthesized by the liver.

IGF-1 plays a critical role in childhood growth and anabolic metabolism.[6] Baseline levels of

plasma IGF-1 correlate with the severity of liver disease, even in patients with HCC.[7–9]

Therefore, Kaseb et al constructed a modified CTP classification system (IGF-CTP) to predict

survival in patients with HCC by replacing the two subjective parameters in the traditional

CTP system with IGF-1 level (S1 Table).[10] They observed that the IGF-CTP classification

provided better risk stratification than the original CTP classification in both American and

international validation cohorts.[10, 11] However, the value of the IGF-CTP classification for

prognostic stratification has not been evaluated in chronic hepatitis B (CHB) endemic areas,

such the Asia-Pacific region.

The aims of the current study were 1) to validate the IGF-CTP classification system in

patients in a CHB endemic area by comparing the accuracy of the IGF-CTP and the CTP clas-

sifications for assessing overall survival (OS) after the first treatment for HCC and 2) to clarify

the causes of differences between the predictive values of the classification systems.

Methods

Study population

We included patients who were enrolled in an ongoing prospective cohort study to identify

biomarkers for predicting the prognosis of HCC at Seoul National University Hospital (Seoul,

Republic of Korea). Briefly, between January 2006 and December 2012, 409 patients who were

newly diagnosed with HCC were recruited to the prospective cohort. HCC was diagnosed on
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the basis of recommendations of the American Association for the Study of Liver Diseases.[12]

Of the 409 original patients, 16 patients were excluded because of the concurrent presence of

another primary cancer. The remaining 393 patients were included in the final analysis of this

study. Patients’ epidemiologic data, clinical data, and blood samples were prospectively col-

lected, and serum levels of IGF-1 were retrospectively determined. The study protocol con-

formed to the ethical guidelines of the World Medical Association Declaration of Helsinki and

was approved by the Institutional Review Board of Seoul National University Hospital. All par-

ticipants provided written informed consent prior to participation in the study.

Baseline serum IGF-1 levels

Peripheral venous blood samples (5 mL) were collected from all patients before initial treat-

ment for HCC. All sera were aliquoted and snap-frozen at -80˚C until analysis. Serum IGF-1

levels were measured using an immunoradiometric assay according to the manufacturer’s

instructions (Immunotech; Marseille, France).

IGF-CTP classification

The IGF-CTP score comprises four laboratory values: total bilirubin, albumin, PT, and IGF-1.

[10] Cut-off points for total bilirubin, albumin, and PT are identical with those in the original

CTP classification. Cut-off points for IGF-1, which were previously derived from recursive

partitioning methods and survival analyses, are 26 and 50 ng/mL. Serum levels of IGF-1 were

scored as 1 point (> 50 ng/mL), 2 points (26 to 50 ng/mL), or 3 points (< 26 ng/mL). On the

basis of the sum of all four component scores, patients were classified as having class A (4–5

points), B (6–7 points), or C (� 8 points) liver disease (S1 Table).

Study outcomes and definitions

The primary endpoint of this study was to compare the prognostic performance of both classi-

fication systems for OS. OS was defined as the time from the date of diagnosis of HCC to the

date of death from any cause. The secondary endpoints included OS prediction according to

combination of both CTP and IGF-CTP classifications and the association of each parameter

in the IGF-CTP classification with tumor stage. The cut-off date for data collection was Sep-

tember 30, 2015, and there were no missing values for these analyses.

Statistical analysis

Statistical analyses were conducted with SPSS 22.0 (IBM; Chicago, IL, USA), the R statistical

programming environment, Version 3.2.0 (R Foundation for Statistical Computing, Vienna,

Austria), and Stata 13.1 (Stata Corp., College Station, TX, USA). A two-sided P-value of 0.05

or less was considered statistically significant. Pearson’s χ2 test was used to analyze differences

among groups of categorical data. Survival curves were estimated using the log-rank test. Asso-

ciations between insulin-like growth factor 1 and OS, and between both scoring systems and

OS were assessed using univariate and multivariate Cox proportional hazard models. Harrell’s

C-index was calculated to compare the prognostic power of each classification system in our

cohort. A nonparametric trend analysis was used to evaluate possible trends in the scores of

each component in the IGF-CTP classification (i.e., total bilirubin, albumin, and IGF-1, and

PT) related to underlying tumor status.[13] This was done by calculating the average rank of

each score for parameters in both classifications and correlating the results with American

Joint Committee on Cancer (AJCC) stages. The P-values used in the nonparametric trend

analysis are based on z-statistics.

IGF-CTP Class for HCC
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Results

Patient characteristics

We included a total of 393 patients who were newly diagnosed with HCC in the final analysis.

The mean age of the patients at the time of diagnosis was 56.8 ± 9.5 years and most of the

patients (77.9%) were male. CHB was the most common cause of underlying liver disease

(78.9%). According to the CTP score, 334 (85.0%), 57 (14.5%), and 2 (0.5%) patients were clas-

sified as having class A, B, and C disease, respectively (Table 1).

Comparison of OS and prognostic accuracy of CTP and IGF-CTP

classifications

During the follow-up period (median = 59.1 months, interquartile range = 19.8–80.8 months),

55 (14.0%) patients died; the median OS was not reached. The 5-year survival rate was 84.1%.

Patients with low IGF-1 levels (< 26 ng/mL) had a significantly worse prognosis than patients

with intermediate (26–50 ng/mL; hazard ratio [HR] = 4.96, 95% confidence interval [CI] =

1.94–12.70, P< .01) and high (> 50 ng/mL; HR = 9.76, 95% CI = 4.64–20.56, P< .01) IGF-1

levels. Patients with intermediate IGF-1 levels also had a worse outcome than those with high

IGF-1 levels. However, the difference was not significant (HR = 1.88, 95% CI = 0.91–3.90, P =

.09) (Table 2A and Fig 1A).

Table 1. Baseline characteristics.

Patients characteristic Parameter n (%) Patients characteristic Parameter n (%)

Age, y �60 245 (62.3) Cirrhosis No 201 (51.1)

>60 148 (37.7) Yes 192 (48.9)

Sex Male 306 (77.9) CTP class A 334 (85.0)

Female 87 (22.1) B 57 (14.5)

Viral hepatitis HBV with/without HCV 310 (78.9) C 2 (0.5)

HCV without HBV 48 (12.2) MELD score <15 376 (95.7)

None 35 (8.9) �15 17 (4.3)

Serum α-FP, ng/mL <400 284 (72.3) AJCC stage I 219 (55.7)

�400 109 (27.7) II 94 (23.9)

Tumor number Uninodular 270 (68.7) III A/B/C 47 (12.0)

Multinodular 123 (31.3) IV A/B 33 (8.4)

Tumor size, proportion of liver �50% 380 (96.7) BCLC stage 0 82 (20.9)

>50% 13 (3.3) A 158 (40.2)

Main vessel invasion No 384 (97.7) B 37 (9.4)

Yes 9 (2.3) C 114 (29.0)

Lymph node spread No 371 (94.4) D 2 (0.5)

Yes 22 (5.6) Treatment history Local therapy only 347 (88.5)

Extrahepatic metastasis No 386 (98.2) Surgery ± local therapy 43 (11.0)

Yes 7 (1.8) Systemic therapy ± local therapy 2 (0.5)

ALT, U/L �40 201 (51.1) Best supportive care 0 (0.0)

>40 192 (48.9) Missing 1

AST, U/L �40 149 (40.1)

>40 223 (59.9)

Abbreviations: α-FP, α-fetoprotein; AJCC, American Joint Committee on Cancer; ALT, alanine transaminase; AST, aspartate transaminase; BCLC,

Barcelona Clinic Liver Cancer; CTP, Child-Turcotte-Pugh; HBV, hepatitis B virus; HCV, hepatitis C virus; MELD, Model for End-stage Liver Disease; n,

number.

doi:10.1371/journal.pone.0170394.t001
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OS was significantly associated with different hepatic reserve classes according to both clas-

sification systems (Table 2B and Fig 1B and 1C). The observed 5-year survival rates after cura-

tive treatment for CTP class A, B, and C disease were 85.5%, 75.1%, and 50.0%, respectively;

the 5-year survival rates for IGF-CTP class A, B, and C disease were 87.1%, 72.3%, and 58.9%,

respectively. The C-index of the IGF-CTP classification system (0.604, 95% CI = 0539–0.668)

was higher than that of the original CTP classification system (0.558, 95% CI = 0.501–0.614),

although the difference was not significant (P = .07) (Table 3). The Barcelona Clinic Liver Can-

cer (BCLC) staging system was modified by replacing CTP class with IGF-CTP class, and the

C-index of the modified BCLC stage (0.732, 95% CI = 0.586–0.787) was also higher than that

of original BCLC stage (0.698, 95% CI = 0.554–0.842). However, this difference was also not

significant (P = .21).

Reassignment of patients from CTP class to IGF-CTP class

We analyzed the differences in patient distribution of the two classification systems (S2 Table).

For 86.0% (338/393) of patients, there was no difference between CTP class and IGF-CTP

class. Most (77.9%; 306/393) patients were classified as class A by both CTP and IGF-CTP clas-

sification systems.

According to our results and the Kaplan-Meier curves (Table 4 and Fig 2), the IGF-CTP

classification was better able to discriminate differences in subgroups than the CTP classifica-

tion. CTP class A patients who were reclassified as IGF-CTP class B (AB group) or C (AC

group) had a worse prognosis than patients who were reclassified as IGF-CTP class A (AA

group) (HR = 2.85, 95% CI = 1.20–6.78, P = .02 for AB group; HR = 82.25, 95% CI = 10.22–

Table 2. Cox model results for overall survival of the cohort based on insulin-like growth factor 1 (A), and both classifications (B).

A

Variable Level n (%) Death event HR (95% CI) Pa

All patients 393 (100.0)

IGF-1 level, ng/mL 1 (>50) 318 (80.9) 37 1.00 (reference)

2 (26–50) 57 (14.5) 9 1.88 (0.91–3.90) 0.090

3 (<26) 18 (4.6) 9 9.76 (4.64–20.56) <0.001

2 (26–50) 1.00 (reference)

3 (<26) 4.96 (1.94–12.70) 0.001

B

Classification Class n (%) Death event HR (95% CI) Pa

CTP class A 334 (85.0) 44 1.00 (reference)

B 57 (14.5) 10 2.03 (1.02–4.06) .04

C 2 (0.5) 1 11.2 (1.48–83.90) .02

B 1.00 (reference)

C 3.45 (0.42–28.12) .25

IGF-CTP class A 318 (80.9) 38 1.00 (reference)

B 57 (14.5) 11 2.27 (1.15–4.45) .02

C 18 (4.6) 6 11.3 (4.44–28.60) <.01

B 1.00 (reference)

C 4.99 (1.53–16.31) <.01

Abbreviations: CI, confidence interval; CTP, Child-Turcotte-Pugh; HR, hazard ratio; IGF, insulin-like growth factor-1; IGF-1, insulin-like growth factor-1; n,

number.
aThe univariate Cox model were used to calculate the P values, and the P values were two-sided.

doi:10.1371/journal.pone.0170394.t002
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710.85, P< .01 for AC group). A total of 306 (91.6%) patients were in the AA group; this

group had a 5-year survival rate of 87.0%. The AB group included 27 (8.1%) patients; this

group had a lower 5-year survival rate (65.5%) than the AA group. CTP class B patients who

were reclassified as IGF-CTP class C (BC group) also had a worse prognosis than patients clas-

sified as class B by both the CTP and the IGF-CTP classification systems (BB group)

(HR = 4.70, 95% CI = 1.10–20.16, P = .04).

Association of each component of the IGF-CTP classification with tumor

stage

Although the predictive value of the IGF-CTP classification system was not significantly bet-

ter than the original CTP system, the C-index of the IGF-CTP classification was higher than

that of the CTP classification in our study. To clarify the mechanism of improvement of the

predictive value, the associations between AJCC stage and each parameter included in the

IGF-CTP classification were analyzed (Table 5). According to a nonparametric trend analy-

sis, a lower serum IGF-1 level was associated with more advanced HCC (P< .01). Total bili-

rubin (P = .11), albumin (P = .33), and PT (P = .39) were not related to AJCC stage.

Discussion

We validated the predictive value of the IGF-CTP classification system for assessing survival in

HCC patients from a CHB endemic area. The C-index of the IGF-CTP classification was

Fig 1. Kaplan-Meier survival curves of patients classified by serum levels of IGF-1 (A), CTP class (B), and IGF-CTP class (C).

Tables below each graph show the numbers of patients at risk at various time points.

doi:10.1371/journal.pone.0170394.g001

Table 3. Ranking of classification by C-index.

Classification C-index (95% CI) Pa

IGF-CTP score 0.604 (0.539–0.668)

CTP score 0.558 (0.501–0.614) .07

Abbreviations: CI, confidence interval; C-index, concordance index; CTP, Child-Turcotte-Pugh; IGF, insulin-

like growth factor-1.
aU-statistics were used to calculate P value, and P value was two-sided.

doi:10.1371/journal.pone.0170394.t003
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higher than that of the original CTP classification, but this difference was not significant. The

proportion of patients who had a difference in risk stratification between the two classifica-

tions was not enough (14.0%) to establish statistical significance. Lower serum IGF-1 levels

were significantly associated with more advanced HCC. These findings suggest that the

IGF-CTP classification system has a tendency to predict survival more accurately than the

CTP system by reflecting underlying HCC status.

Functional hepatic reserve can affect survival of HCC patients, so several HCC staging sys-

tems include CTP class when assessing disease stage.[14–17] However, the CTP class itself is

also used to guide initial or subsequent treatment choices by predicting the risk of hepatic fail-

ure and death after treatment.[1] CTP class is partially based on subjective parameters, which

are difficult to grade objectively and can be easily influenced by medications.[18–20] There-

fore, objective classifications have been suggested, including the model for end-stage liver dis-

ease score, which has replaced CTP class in decision-making schemes for allocation of organs

for patients undergoing liver transplantation.[4, 21] However, until the development of the

IGF-CTP classification, no system has been established for patients with HCC.[10] The

IGF-CTP classification has been validated in two independent cohorts from regions where

dominant risk factors for HCC included hepatitis C virus (HCV). However, this classification

has not been evaluated in cohorts of patients infected with hepatitis B virus (HBV). Since clini-

cal outcomes vary considerably depending on the etiology of HCC[22–24] and, globally, HBV

is the most common cause of HCC,[25] it is essential to validate the IGF-CTP classification in

CHB endemic areas prior to the widespread application of the new classification system.

Interestingly, recent studies suggested that higher plasma IGF-1 levels were related to var-

ious malignancies, including prostate, breast, colon, and lung cancers.[26–29] However,

plasma levels of IGF-1 are reduced in patients with chronic liver disease because circulating

Table 4. Overall survival of the cohort by whether the CTP class was reclassified IGF-CTP class.

Variable n Death events HR 95% CI Pa

CTP class A / IGF-CTP class A (AA) 306 37 1.00 (reference)

CTP class A / IGF-CTP class B (AB) 27 6 2.85 (1.20–6.78) .02

CTP class A / IGF-CTP class C (AC) 1 1 85.25 (10.22–710.85) <.01

CTP class B / IGF-CTP class A (BA) 12 1 0.94 (0.13–6.86) .95

CTP class B / IGF-CTP class B (BB) 30 5 1.82 (0.72–4.65) .21

CTP class B / IGF-CTP class C (BC) 15 4 9.06 (3.05–26.93) <.01

CTP class C / IGF-CTP class C (CC) 2 1 14.45 (1.89–110.32) .01

CTP class B / IGF-CTP class B (BB) 1.00 (reference)

CTP class A / IGF-CTP class B (AB) 1.58 (0.48–5.20) .45

CTP class A / IGF-CTP class C (AC) 52.19 (4.48–607.55) <.01

CTP class B / IGF-CTP class A (BA) 0.58 (0.07–4.97) .62

CTP class B / IGF-CTP class C (BC) 4.70 (1.10–20.16) .04

CTP class C / IGF-CTP class C (CC) 6.28 (0.66–59.41) .11

CTP class C / IGF-CTP class C (CC) 1.00 (reference)

CTP class A / IGF-CTP class B (AB) 0.28 (0.03–2.55) .26

CTP class A / IGF-CTP class C (AC) 21.91 (0.75–636.76) .07

CTP class B / IGF-CTP class A (BA) 0.10 (0.01–1.76) .12

CTP class B / IGF-CTP class C (BC) 0.80 (0.09–7.30) .84

Abbreviations: CI, confidence interval; CTP, Child-Turcotte-Pugh; HR, hazard ratio; IGF, insulin-like growth factor-1; n, number.
aThe univariate Cox models were used to calculate the two-sided P values.

doi:10.1371/journal.pone.0170394.t004
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IGF-1 is synthesized in the liver.[30–33] Furthermore, other studies suggested that lower

plasma levels of IGF-1 were strongly associated with more advanced HCC parameters.[34–

36] Since HCC cells suppress normal hepatic function by replacing normal hepatocytes,

advanced HCC might reduce IGF-1 synthesis to a greater extent than early HCC. In fact, our

study showed that lower levels of serum IGF-1 were significantly related to more advanced

AJCC stages. Three of the parameters included in the CTP classification (total bilirubin,

albumin, PT) were not related to AJCC stage. Furthermore, patients with low IGF-1 levels

(< 26 ng/mL) had a significantly worse prognosis than patients with intermediate (26–50

ng/mL) or high (> 50 ng/mL) IGF-1 levels, independent of CTP class or MELD score (S3

Table). A previous study also revealed that IGF-1 is correlated with HCC burden, after

adjusting for hepatic reserves.[31] Therefore, the difference in predictive values between

classification systems likely originates from the inclusion of the serum level of IGF-1 instead

of scores for ascites and encephalopathy.

Fig 2. Kaplan-Meier survival curves of patients according to CTP class and IGF-CTP class. Tables below each

graph show the numbers of patients at risk at various time points.

doi:10.1371/journal.pone.0170394.g002
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This was the first study to evaluate the long-term predictive value of the IGF-CTP classifica-

tion system for survival in HCC patients. A major strength of our study is that this is the first

validation of the IGF-CTP classification system in a CHB endemic area. In our cohort, 78.9%

of total patients were infected with HBV; most patients included in previous validation cohorts

were infected with HCV.[10, 11] Furthermore, the median follow-up duration of our study

was at least three times longer than previous validation studies (16.5 months for a United

States validation cohort and 8.6 months for an Egyptian validation cohort).[10, 11] Another

strength of the present study is that this is the first study to clarify the cause of differences

between predictive values the classification systems. The IGF-CTP system tended to predict

survival more accurately than the CTP system by reflecting underlying HCC status. Although

several validation studies were performed before our study, the performance enhancement

mechanism of the IGF-CTP class has not been evaluated.

Our study has some limitations that should be considered. First, the majority of patients

(77.9%) had well-compensated hepatic reserve and were classified as having class A disease by

both the CTP and the IGF-CTP classifications. The proportion of patients with this “AA” desig-

nation was much higher in our study than in previous validation studies.10,11 Since most patients

(86.0%) were designated as the same risk class by both classifications, it was impossible to estab-

lish the statistical significance of the differences between the two classification systems. The neg-

ative results of our study might originate from the fact that many of the enrolled patients had

minimal risk factors for a poor HCC prognosis, rather than differences in the etiology of HCC.

However, the limited discriminative function of the IGF-CTP classification in patients with

mild disease is a critical weak point, considering recent trends in HCC surveillance.

Conclusion

Although its improvement was not statistically significant compared to the original CTP classi-

fication, the IGF-CTP classification system demonstrated better discriminatory function for

Table 5. Results from nonparametric trend analysis evaluating possible trends between AJCC stage and each parameter of IGF-CTP

classification.

Components Score Stage I Stage II Stage III Stage IV Pa

(n = 219) (n = 94) (n = 47) (n = 33)

n (%) n (%) n (%) n (%)

Total bilirubin 1 201 (91.8) 81 (86.2) 40 (85.1) 30 (90.9) .11

2 12 (5.5) 7 (7.4) 3 (6.4) 2 (6.1)

3 6 (2.7) 6 (6.4) 4 (8.5) 1 (3.0)

Albumin 1 158 (72.1) 66 (70.2) 28 (59.6) 19 (57.6) .33

2 46 (21.0) 24 (25.5) 19 (40.4) 12 (36.4)

3 15 (6.8) 4 (4.3) 0 (0.0) 2 (6.1)

PT INR 1 217 (99.1) 91 (96.8) 47 (100.0) 32 (97.0) .39

2 2 (0.9) 3 (3.2) 0 (0.0) 1 (3.0)

3 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

IGF-1 1 189 (86.3) 76 (80.9) 32 (68.1) 21 (63.6) <.01

2 24 (11.0) 14 (14.9) 10 (21.3) 9 (27.3)

3 6 (2.7) 4 (4.3) 5 (10.6) 3 (9.1)

Abbreviations: AJCC, American Joint Committee on Cancer; CTP, Child-Turcotte-Pugh; IGF, insulin-like growth factor-1; IGF-1, insulin-like growth factor-1;

INR, international normalized ratio; n, number; PT, prothrombin time.
aNonparametric trend analysis was used to calculate P value, and P value was two-sided.

doi:10.1371/journal.pone.0170394.t005
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predicting survival of patients with HCC in a CHB endemic area. The IGF-CTP classification

also considerably improved the accuracy of survival prediction in previous validation studies.

Therefore, using the IGF-CTP classification instead of the CTP classification in clinical prac-

tice can help physicians properly classify patients regardless of the etiology of HCC.

Supporting Information

S1 Table. The new modified CTP (IGF-CTP) classification.

(DOCX)

S2 Table. Patient distribution in the cohort for IGF-CTP class by CTP class.

(DOCX)

S3 Table. Adjusted Cox model results for overall survival of the cohort based on insulin-

like growth factor 1.

(DOCX)

Acknowledgments

The authors would like to thank all participants and research staff for their contribution to the

study.

Author Contributions

Conceptualization: JHL YJJ.

Data curation: WK BGK KLL YC JJY MJL YYC EJC SJY YJK JHY.

Formal analysis: DHL JSG.

Funding acquisition: JHL.

Project administration: JHL YJJ.

Supervision: JHL YJJ.

Writing – original draft: DHL.

Writing – review & editing: DHL JHL YJJ.

References
1. Vauthey JN, Dixon E, Abdalla EK, Helton WS, Pawlik TM, Taouli B, et al. Pretreatment assessment of

hepatocellular carcinoma: expert consensus statement. HPB: the official journal of the International

Hepato Pancreato Biliary Association. 2010; 12(5):289–99.

2. Forman LM, Lucey MR. Predicting the prognosis of chronic liver disease: an evolution from child to

MELD. Mayo End-stage Liver Disease. Hepatology. 2001; 33(2):473–5. doi: 10.1053/jhep.2001.22481

PMID: 11172352

3. Infante-Rivard C, Esnaola S, Villeneuve JP. Clinical and statistical validity of conventional prognostic

factors in predicting short-term survival among cirrhotics. Hepatology. 1987; 7(4):660–4. PMID:

3610046

4. Malinchoc M, Kamath PS, Gordon FD, Peine CJ, Rank J, ter Borg PC. A model to predict poor survival

in patients undergoing transjugular intrahepatic portosystemic shunts. Hepatology. 2000; 31(4):864–

71. doi: 10.1053/he.2000.5852 PMID: 10733541

5. LeRoith D, Roberts CT Jr. The insulin-like growth factor system and cancer. Cancer letters. 2003; 195

(2):127–37. PMID: 12767520

6. Daughaday WH. The possible autocrine/paracrine and endocrine roles of insulin-like growth factors of

human tumors. Endocrinology. 1990; 127(1):1–4. doi: 10.1210/endo-127-1-1 PMID: 2163304

IGF-CTP Class for HCC

PLOS ONE | DOI:10.1371/journal.pone.0170394 January 20, 2017 10 / 12

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0170394.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0170394.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0170394.s003
http://dx.doi.org/10.1053/jhep.2001.22481
http://www.ncbi.nlm.nih.gov/pubmed/11172352
http://www.ncbi.nlm.nih.gov/pubmed/3610046
http://dx.doi.org/10.1053/he.2000.5852
http://www.ncbi.nlm.nih.gov/pubmed/10733541
http://www.ncbi.nlm.nih.gov/pubmed/12767520
http://dx.doi.org/10.1210/endo-127-1-1
http://www.ncbi.nlm.nih.gov/pubmed/2163304


7. Rehem RN, El-Shikh WM. Serum IGF-1, IGF-2 and IGFBP-3 as parameters in the assessment of liver

dysfunction in patients with hepatic cirrhosis and in the diagnosis of hepatocellular carcinoma. Hepato-

gastroenterology. 2011; 58(107–108):949–54. PMID: 21830422

8. Wu YL, Ye J, Zhang S, Zhong J, Xi RP. Clinical significance of serum IGF-I, IGF-II and IGFBP-3 in liver

cirrhosis. World journal of gastroenterology: WJG. 2004; 10(18):2740–3. doi: 10.3748/wjg.v10.i18.2740

PMID: 15309731

9. Assy N, Pruzansky Y, Gaitini D, Shen Orr Z, Hochberg Z, Baruch Y. Growth hormone-stimulated IGF-1

generation in cirrhosis reflects hepatocellular dysfunction. Journal of hepatology. 2008; 49(1):34–42.

doi: 10.1016/j.jhep.2008.02.013 PMID: 18456366

10. Kaseb AO, Xiao L, Hassan MM, Chae YK, Lee JS, Vauthey JN, et al. Development and validation of

insulin-like growth factor-1 score to assess hepatic reserve in hepatocellular carcinoma. Journal of the

National Cancer Institute. 2014; 106(5).

11. Abdel-Wahab R, Shehata S, Hassan MM, Xiao L, Lee JS, Cheung S, et al. Validation of an IGF-CTP

scoring system for assessing hepatic reserve in egyptian patients with hepatocellular carcinoma. Onco-

target. 2015.

12. Bruix J, Sherman M, American Association for the Study of Liver D. Management of hepatocellular car-

cinoma: an update. Hepatology. 2011; 53(3):1020–2. doi: 10.1002/hep.24199 PMID: 21374666

13. Cuzick J. A Wilcoxon-type test for trend. Statistics in medicine. 1985; 4(1):87–90. PMID: 3992076

14. Llovet JM, Bru C, Bruix J. Prognosis of hepatocellular carcinoma: the BCLC staging classification. Sem-

inars in liver disease. 1999; 19(3):329–38. doi: 10.1055/s-2007-1007122 PMID: 10518312

15. Prospective validation of the CLIP score: a new prognostic system for patients with cirrhosis and hepa-

tocellular carcinoma. The Cancer of the Liver Italian Program (CLIP) Investigators. Hepatology. 2000;

31(4):840–5. doi: 10.1053/he.2000.5628 PMID: 10733537

16. Yau T, Tang VY, Yao TJ, Fan ST, Lo CM, Poon RT. Development of Hong Kong Liver Cancer staging

system with treatment stratification for patients with hepatocellular carcinoma. Gastroenterology. 2014;

146(7):1691–700 e3. doi: 10.1053/j.gastro.2014.02.032 PMID: 24583061

17. Yu SJ. A concise review of updated guidelines regarding the management of hepatocellular carcinoma

around the world: 2010–2016. Clinical and molecular hepatology. 2016; 22(1):7–17. doi: 10.3350/cmh.

2016.22.1.7 PMID: 27044761

18. Durand F, Valla D. Assessment of the prognosis of cirrhosis: Child-Pugh versus MELD. Journal of hepa-

tology. 2005; 42 Suppl(1):S100–7.

19. Oellerich M, Burdelski M, Lautz HU, Rodeck B, Duewel J, Schulz M, et al. Assessment of pretransplant

prognosis in patients with cirrhosis. Transplantation. 1991; 51(4):801–6. PMID: 2014533

20. Testa R, Valente U, Risso D, Caglieris S, Giannini E, Fasoli A, et al. Can the MEGX test and serum bile

acids improve the prognostic ability of Child-Pugh’s score in liver cirrhosis? European journal of gastro-

enterology & hepatology. 1999; 11(5):559–63.

21. Botta F, Giannini E, Romagnoli P, Fasoli A, Malfatti F, Chiarbonello B, et al. MELD scoring system is

useful for predicting prognosis in patients with liver cirrhosis and is correlated with residual liver function:

a European study. Gut. 2003; 52(1):134–9. PMID: 12477775

22. Roayaie S, Haim MB, Emre S, Fishbein TM, Sheiner PA, Miller CM, et al. Comparison of surgical out-

comes for hepatocellular carcinoma in patients with hepatitis B versus hepatitis C: a western experi-

ence. Annals of surgical oncology. 2000; 7(10):764–70. PMID: 11129425

23. Sasaki Y, Yamada T, Tanaka H, Ohigashi H, Eguchi H, Yano M, et al. Risk of recurrence in a long-term

follow-up after surgery in 417 patients with hepatitis B- or hepatitis C-related hepatocellular carcinoma.

Annals of surgery. 2006; 244(5):771–80. doi: 10.1097/01.sla.0000225126.56483.b3 PMID: 17060771

24. Utsunomiya T, Shimada M, Kudo M, Ichida T, Matsui O, Izumi N, et al. A comparison of the surgical out-

comes among patients with HBV-positive, HCV-positive, and non-B non-C hepatocellular carcinoma: a

nationwide study of 11,950 patients. Annals of surgery. 2015; 261(3):513–20. doi: 10.1097/SLA.

0000000000000821 PMID: 25072437

25. El-Serag HB, Rudolph KL. Hepatocellular carcinoma: epidemiology and molecular carcinogenesis.

Gastroenterology. 2007; 132(7):2557–76. doi: 10.1053/j.gastro.2007.04.061 PMID: 17570226

26. Chan JM, Stampfer MJ, Giovannucci E, Gann PH, Ma J, Wilkinson P, et al. Plasma insulin-like growth

factor-I and prostate cancer risk: a prospective study. Science. 1998; 279(5350):563–6. PMID:

9438850

27. Hankinson SE, Willett WC, Colditz GA, Hunter DJ, Michaud DS, Deroo B, et al. Circulating concentra-

tions of insulin-like growth factor-I and risk of breast cancer. Lancet. 1998; 351(9113):1393–6. doi: 10.

1016/S0140-6736(97)10384-1 PMID: 9593409

IGF-CTP Class for HCC

PLOS ONE | DOI:10.1371/journal.pone.0170394 January 20, 2017 11 / 12

http://www.ncbi.nlm.nih.gov/pubmed/21830422
http://dx.doi.org/10.3748/wjg.v10.i18.2740
http://www.ncbi.nlm.nih.gov/pubmed/15309731
http://dx.doi.org/10.1016/j.jhep.2008.02.013
http://www.ncbi.nlm.nih.gov/pubmed/18456366
http://dx.doi.org/10.1002/hep.24199
http://www.ncbi.nlm.nih.gov/pubmed/21374666
http://www.ncbi.nlm.nih.gov/pubmed/3992076
http://dx.doi.org/10.1055/s-2007-1007122
http://www.ncbi.nlm.nih.gov/pubmed/10518312
http://dx.doi.org/10.1053/he.2000.5628
http://www.ncbi.nlm.nih.gov/pubmed/10733537
http://dx.doi.org/10.1053/j.gastro.2014.02.032
http://www.ncbi.nlm.nih.gov/pubmed/24583061
http://dx.doi.org/10.3350/cmh.2016.22.1.7
http://dx.doi.org/10.3350/cmh.2016.22.1.7
http://www.ncbi.nlm.nih.gov/pubmed/27044761
http://www.ncbi.nlm.nih.gov/pubmed/2014533
http://www.ncbi.nlm.nih.gov/pubmed/12477775
http://www.ncbi.nlm.nih.gov/pubmed/11129425
http://dx.doi.org/10.1097/01.sla.0000225126.56483.b3
http://www.ncbi.nlm.nih.gov/pubmed/17060771
http://dx.doi.org/10.1097/SLA.0000000000000821
http://dx.doi.org/10.1097/SLA.0000000000000821
http://www.ncbi.nlm.nih.gov/pubmed/25072437
http://dx.doi.org/10.1053/j.gastro.2007.04.061
http://www.ncbi.nlm.nih.gov/pubmed/17570226
http://www.ncbi.nlm.nih.gov/pubmed/9438850
http://dx.doi.org/10.1016/S0140-6736(97)10384-1
http://dx.doi.org/10.1016/S0140-6736(97)10384-1
http://www.ncbi.nlm.nih.gov/pubmed/9593409


28. Ma J, Pollak MN, Giovannucci E, Chan JM, Tao Y, Hennekens CH, et al. Prospective study of colorectal

cancer risk in men and plasma levels of insulin-like growth factor (IGF)-I and IGF-binding protein-3.

Journal of the National Cancer Institute. 1999; 91(7):620–5. PMID: 10203281

29. Yu H, Spitz MR, Mistry J, Gu J, Hong WK, Wu X. Plasma levels of insulin-like growth factor-I and lung

cancer risk: a case-control analysis. Journal of the National Cancer Institute. 1999; 91(2):151–6. PMID:

9923856

30. Buzzelli G, Dattolo P, Pinzani M, Brocchi A, Romano S, Gentilini P. Circulating growth hormone and

insulin-like growth factor-I in nonalcoholic liver cirrhosis with or without superimposed hepatocarcinoma:

evidence of an altered circadian rhythm. The American journal of gastroenterology. 1993; 88(10):1744–

8. PMID: 8213718

31. Stuver SO, Kuper H, Tzonou A, Lagiou P, Spanos E, Hsieh CC, et al. Insulin-like growth factor 1 in

hepatocellular carcinoma and metastatic liver cancer in men. International journal of cancer Journal

international du cancer. 2000; 87(1):118–21. PMID: 10861461

32. Su WW, Lee KT, Yeh YT, Soon MS, Wang CL, Yu ML, et al. Association of circulating insulin-like growth

factor 1 with hepatocellular carcinoma: one cross-sectional correlation study. Journal of clinical labora-

tory analysis. 2010; 24(3):195–200. doi: 10.1002/jcla.20320 PMID: 20486202

33. Garcia-Galiano D, Sanchez-Garrido MA, Espejo I, Montero JL, Costan G, Marchal T, et al. IL-6 and

IGF-1 are independent prognostic factors of liver steatosis and non-alcoholic steatohepatitis in morbidly

obese patients. Obesity surgery. 2007; 17(4):493–503. doi: 10.1007/s11695-007-9087-1 PMID:

17608262

34. Kaseb AO, Morris JS, Hassan MM, Siddiqui AM, Lin E, Xiao L, et al. Clinical and prognostic implications

of plasma insulin-like growth factor-1 and vascular endothelial growth factor in patients with hepatocellu-

lar carcinoma. Journal of clinical oncology: official journal of the American Society of Clinical Oncology.

2011; 29(29):3892–9.

35. Kaseb AO, Abbruzzese JL, Vauthey JN, Aloia TA, Abdalla EK, Hassan MM, et al. I-CLIP: improved

stratification of advanced hepatocellular carcinoma patients by integrating plasma IGF-1 into CLIP

score. Oncology. 2011; 80(5–6):373–81. doi: 10.1159/000329040 PMID: 21822028

36. Cho EJ, Lee JH, Yoo JJ, Choi WM, Lee MJ, Cho Y, et al. Serum insulin-like growth factor-I level is an

independent predictor of recurrence and survival in early hepatocellular carcinoma: a prospective cohort

study. Clinical cancer research: an official journal of the American Association for Cancer Research.

2013; 19(15):4218–27.

IGF-CTP Class for HCC

PLOS ONE | DOI:10.1371/journal.pone.0170394 January 20, 2017 12 / 12

http://www.ncbi.nlm.nih.gov/pubmed/10203281
http://www.ncbi.nlm.nih.gov/pubmed/9923856
http://www.ncbi.nlm.nih.gov/pubmed/8213718
http://www.ncbi.nlm.nih.gov/pubmed/10861461
http://dx.doi.org/10.1002/jcla.20320
http://www.ncbi.nlm.nih.gov/pubmed/20486202
http://dx.doi.org/10.1007/s11695-007-9087-1
http://www.ncbi.nlm.nih.gov/pubmed/17608262
http://dx.doi.org/10.1159/000329040
http://www.ncbi.nlm.nih.gov/pubmed/21822028

