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ABSTRACT
Background: Sorafenib was the first systemic therapy approved for the treatment 

of Child-Turcotte-Pugh (CTP) class A patients with advanced hepatocellular carcinoma 
(HCC). However, there are no biomarkers to predict survival and treatment outcomes 
and guide HCC systemic therapy. Type 1 insulin-like growth factor (IGF-1)/CTP 
composite score has emerged as a potential hepatic reserve assessment tool. Our 
study investigated the association of the IGF/CTP score with overall survival (OS) 
and progression-free survival (PFS) of HCC patients treated with sorafenib. 

Materials and Methods: In this prospective study, patients with HCC were treated 
with sorafenib and followed up until progression/death. We calculated the IGF/CTP 
score and used the Kaplan-Meier method and log-rank test to estimate and compare 
the time-to-event outcomes between patient subgroups.

Results:  171 patients were included, 116 of whom were CTP class A. Median 
PFS for IGF/CTP score AA and AB patients were 6.88 and 4.28 months, respectively 
(p = 0.1359). Median OS for IGF/CTP score AA and AB patients were 14.54 and 7.60 
months, respectively (p = 0.1378). The PFS and OS was superior in AA patients, but 
the difference was not significant, likely due to the sample size. However, there was  
a significant difference in early OS and PFS curves between AA and AB (p = 0.0383 
and p = 0.0099), respectively. 

Conclusions: In CTP class A patients, IGF/CTP score B was associated with shorter 
PFS and OS, however, study was underpowered to reach statistical significance. If 
validated in larger cohorts, IGF/CTP score may serve as stratification tool in clinical 
trials,  a hepatic reserve assessment tool for HCC outcomes prediction and to assist 
in therapy decisions.
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INTRODUCTION

Accurate assessment of the functional hepatic reserve 
is important to the prognostic and treatment prediction 
for patients with liver disease [1, 2]. The Child-Turcotte-
Pugh (CTP) qualitative scoring system is used to assess 
severity of cirrhosis, survival prospects hepatic reserve, 
guiding treatment decisions, and stratifying patients with 
hepatocellular carcinoma (HCC) for clinical trial entry; It 
classifies patients with liver disease into 3 groups (A, B, 
and C), this classification is based on bilirubin and albumin 
levels, prothrombin time, and subjective assessments of 
encephalopathy and ascites [1, 2].

Several prospective and retrospective studies have 
confirmed that HCC patients in CTP classes B and C 
showed worse prognoses and accelerated decline in 
liver function as compared with CTP A patients [3, 4]. 
Accordingly, clinical trials studying systemic therapies 
for HCC; include only those with CTP A classification, 
to assess the effects of the systemic therapy under 
investigation without the confounding issues of hepatic 
failure or death which may result from an underlying poor 
liver reserves [3–5]. However, it is known now that the 
clinical outcomes for patients can vary even within those in 
same CTP class, including class A. In addition, subjective 
variables, ascites and encephalopathy of the CTP scoring 
system have been considered its major shortcoming 
because they are difficult to grade, vary daily, and could 
be affected by symptomatic management [6–11]. 

The majority of circulating insulin–like growth 
factor (IGF) is synthesized and secreted by the liver [12]. 
Therefore, circulating IGF-1 level has been shown to 
decrease dramatically in Chronic liver disease and HCC 
[13–18]; We recently reported a significant correlation 
between advanced clinicopathologic parameters and low 
IGF-1 levels HCC patients [19, 20]. Subsequently, we 
prospectively validated a revised CTP scoring system 
by replacing the subjective clinical assessment of ascites 
and encephalopathy in the CTP score with objectively 
quantified plasma IGF-1 levels to create new IGF/CTP 
score classes (IGF/CTP-A, -B, and -C, with A indicating 
low risk, B indicating intermediate risk, and C indicating 
high risk). This new scoring system was significantly 
associated with HCC survival prediction [21–23]. In 
addition, our results showed that a significant number of 
patients in the old CTP class A were reassigned as IGF/
CTP-B or -C and had significantly poorer survival than did 
those in IGF/CTP-A, proving the usefulness of the IGF/
CTP composite score to refine the CTP scoring system’s 
prognostic accuracy. Our previously published work 
incorporating IGF-1 into BCLC and CLIP scores showed 
higher prognostic value [24], and our recently published 
paper incorporated IGF-1 into MELD score, which 
significantly improved the score’s ability to predict OS 
in 2 independent cohorts of HCC patients [25]. However, 
we did not assess its predictive ability in patients treated 

with systemic therapy. Sorafenib, the first drug approved 
for the treatment of HCC, was approved after randomized, 
placebo-controlled trials demonstrated that it improved 
the overall survival (OS) of CTP class A patients with 
advanced HCC [26, 27]; the purpose of our current study 
was to investigate the usefulness of the IGF/CTP score 
in predicting overall survival (OS) and progression-free 
survival (PFS) in CTP class A patients with advanced HCC 
who were treated with sorafenib. Our overall hypothesis 
was that the IGF/CTP score could divide CTP A patients 
into more refined subgroups on the basis of OS and PFS.

RESULTS

Patient characteristics

A total of 171 patients from MD Anderson meeting 
our criteria were screened and included into our study. 
Baseline characteristics (Table 1); Most patients (98%) 
were classified under the Barcelona Clinic Liver Cancer 
(BCLC) stage C. Notably, 75% of the patients were 70 
years or younger at the time of diagnosis, and 77.2% were 
males. During the follow-up period, 100 patients died. 
The median OS was 11.48 months (95% CI, 8.75–15.33 
months; Supplementary Table 1) and the median follow-
up time was 19.9 months (95% CI, 14.5–33.8 months). 
One hundred twenty-two patients had disease progression 
on sorafenib or died. The estimated median PFS was 
5.30 months (95% CI, 4.70–6.84 months; Supplementary 
Table 1). The estimated 1-year failure-free probability was 
19% (95% CI, 0.13–0.27). 

Circulating IGF-1 is associated with survival in 
sorafenib-treated patients

OS and PFS significantly differed between groups 
of patients when stratified by IGF-1 levels. Compared to 
patients with high IGF-1 levels (> 26.0 ng/mL), patients 
with low IGF-1 levels (≤ 26.0 ng/mL) had shorter median 
OS durations (12.83 months [95% CI, 10.62–20.62 
months] vs. 5.23 months [95% CI, 4.28–10.66 months], 
respectively; p = 0.003) and shorter median PFS durations 
(6.05 months [95% CI, 4.97–9.41 months] vs. 4.18 months 
[95% CI, 2.99–5.23 months], respectively; p = 0.02).

IGF/CTP score is associated with survival in 
sorafenib-treated patients

Both the CTP and the IGF/CTP scores classified 
patients into three risk groups that differed significantly in 
terms of OS and PFS; low (A)-, intermediate (B)-, 
and high (C). After IGF/CTP scoring, 87 of 116 CTP 
class A patients were reclassified as IGF/CTP-A (AA) 
and 29 patients were reclassified as IGF/CTP-B (AB) 
(Supplementary Table 1). Seven of 55 CTP class B 
patients were reclassified as IGF/CTP-A (BA), 35 were 
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Table 1: Baseline clinical characteristics of 171 patients with hepatocellular carcinoma treated 
with sorafenib
Variable No. of patients (%)
Age, years
≤ 40 2 (1.2)
41–50 7 (4.1)
51–60 48 (28.1)
61–70 71 (41.5)
> 70 43 (25.1)
Diabetes 
No 95 (55.6)
Yes 71 (41.5)
Unknown 5 (2.9)
Sex 
Female 39 (22.8)
Male 132 (77.2)
History of drinking alcohol 
No 85 (49.7)
Yes 75 (43.9)
Unknown 11 (6.4)

Family history of liver cancer 
No 136 (79.5)
Yes 7 (4.1)

Unknown 28 (16.4)

Personal History of non-HCC cancer 
No 136 (79.5)
Yes 28 (16.4)
Unknown 7 (4.1)
Race
Asian 2 (1.2)
Black 24 (14.0)
Hispanic 9 (5.3)
White 129 (75.4)
Unknown 7 (4.1)
History of tobacco use
No 56 (32.7)
Yes 104 (60.8)
Unknown 11 (6.4)
Ascites
Moderate 21 (12.3)
None 119 (69.6)
Slight 31 (18.1)
Evidence of cirrhosis
No 37 (21.6)
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reclassified as IGF/CTP-B (BB), and 13 were reclassified 
as IGF/CTP-C (BC). 

Among the patients classified as CTP class A, 
the median OS duration was 14.54 months for those 
reclassified as AA and 7.60 months for those reclassified 
as AB (p = 0.13); although the OS difference favored the 
AA patients, the p value was not significant. The hazard 
ratio (HR) for AA vs. AB patients was 1.49, and our study 
power calculation suggested that 325 participants with 
220 events would be needed to achieve the 80% power 
needed to detect this HR, although the current data had 
only 39% power. We used the Wald test to compare OS 
probabilities between AA and AB patients at 7.60 months, 
12.00 months, and 14.54 months (Table 2). The analysis 
indicated that AA patients had a significantly higher OS 
probability at 7.60 months (Wald test p value = 0.030) 
and at 12.00 months (Wald test p value = 0.046). At 14.54 
months, the OS probability was higher in AA patients but 

not statistically significant (Wald test p value = 0.49). In 
addition, the log-rank test was used to compare OS curves 
censored at 12 months, i.e., patients who survived longer 
than 12.00 monthswere censored at 12.00 months. The 
log-rank test indicated that AA patients had significantly 
longer OS than AB patients (p = 0.038) (Figure 1).

The median PFS time was 6.88 months for AA 
patients and 4.28 months for AB patients (p = 0.1378), 
and although the PFS difference favored the AA patients, 
the p value was not significant. However, our study was 
underpowered to detect statistically significant differences 
in the median PFS because of its small sample size. We 
used the Wald test to compare the PFS probabilities 
between AA and AB patients at 4.28 months, 5.00 months, 
6.00 months, 6.88 months, and 8.00 months (Table 3). The 
analysis indicated that the AA patients had a significantly 
higher OS probability at 4.28 months (Wald test p value 
= 0.012), at 5.00 months (Wald test p value = 0.043), at 

Yes 126 (73.7)
Unknown 8 (4.7)
ECOG performance status
0 24 (14.0)
1 138 (80.7)
2  9 (5.3)
CTP class
A 116 (67.8)
B 55 (32.2)
Metastasis
No 99 (57.9)
Yes 64 (37.4)
Unknown 8 (4.7)
Tumor nodularity
Multinodular 125 (73.1)
Uninodular 46 (26.9)
Vascular invasion
No 78 (45.6)
Yes 83 (48.5)
Unknown 10 (5.8)
Lymph node metastasis
No 93 (54.4)
Yes 70 (40.9)
Unknown 8 (4.7)
BCLC stage
A 1 (0.6)
B 2 (1.2)
C 168 (98.2)

Abbreviations: BCLC, Barcelona Clinic Liver Cancer; CTP, Child-Turcotte-Pugh; ECOG, Eastern Cooperative Oncology 
Group.
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6.00 months (Wald test p value = 0.036), at 6.88 months 
(Wald test p value = 0.017), and at 8.00 months (Wald test 
p value = 0.017). The PFS probability was higher in the 
AA patients at 10.00 and 12.00 months (Wald test p values 
= 0.14 and 0.25, respectively), but the differences were not 
statistically significant. In addition, the log-rank test was 
used to compare PFS curves censored at 8 months, i.e., 
patients who survived longer than 8.00 months without 
disease progression were censored at 8.00 months. The 
log-rank test indicated that AA patients had significantly 
better early PFS than AB patients (p = 0.0099) (Figure 2).

OS and PFS results for the CTP class A patients by 
plasma IGF-1 levels are summarized in Supplementary 
Table 2. Patients with low IGF-1 levels (≤ 26.0 ng/mL) 
had worse OS and PFS than those with higher IGF-1 levels 
(> 26.0 ng/mL), but these differences were not statistically 
significant. 

OS and PFS results for the CTP class B patients by 
plasma IGF-1 levels are summarized in Supplementary 
Table 3. Patients with low IGF-1 (≤ 26.0 ng/mL) had 
significantly worse OS and PFS than those with higher 
IGF-1 levels (> 26.0 ng/mL) (p = 0.0027 and p = 0.028 
respectively)and they also had worse PFS. 

OS and PFS results for the CTP class B patients 
by IGF/CTP scores (Supplementary Table 3). Of the 55 
patients classified as CTP class B, 35 were reclassified as 
IGF/CTP-B (BB) and had a median OS of 7.07 months 
(95% CI, 3.98–21.58 months) and a median PFS of 4.54 
months (95% CI, 3.82–10.26 months). Seven CTP class 
B patients were reclassified as IGF/CTP-A (BA) and had 
a median OS of 6.71 months (95% CI, 4.41 months-not 
applicable [N/A]) and a median PFS of 1.97 months (95% 
CI, 1.84 months-N/A). Thirteen CTP class B patients were 
reclassified as IGF/CTP-C (BC) and had a median OS of 
4.18 (95% CI, 2.07 months-N/A) and a median PFS of 
3.29 months (95% CI, 2.07 months-N/A). 

To evaluate whether IGF-1 provides additional 
prognostic effects on OS and PFS to CTP in this dataset, 
Cox models were fitted to include both CTP and IGF-1. The 
analysis showed that IGF-1 provided additional prognostic 
effects (HR = 1.87 and p = 0.0054) for OS, (HR = 1.59 
and p = 0.0319) for PFS. (Supplementary Table 1). To 

assess the performance of IGF-modified-CTP and CTP in 
their predictive capacity of OS and PFS, Harrell’s C-index 
was calculated for each of score systems, and U statistics 
was used to compare the c-indices between the two score 
systems. C-index for IGF-CTP was slightly higher than for 
CTP, but it was not statistically significant (p = 0.61 for OS 
and p = 0.96 for PFS, respectively, Table 4). 

C-index was calculated to assess the predictive 
capacity of IGF-modified-CTP for OS and PFS in CTP 
A patients. In addition, Cox models including albumin 
+ bilirubin + INR with and without IGF-1 were fitted, 
and C-index was calculated for each model. The analysis 
showed that C-index for OS was statistically significant 
higher in the model with IGF-1 than that in the model 
without IGF-1 (p = 0.026, Table 4). The C-index for PFS 
was slightly higher in the model with IGF-1 than that 
in the model without IGF-1, but it was not statistically 
significant (p = 0.11) (Table 4). 

In patients with CTP class A HCC, we compared 
the rate of adverse events among those reclassified as 
IGF/CTP-A (AA) to that of patients reclassified as IGF/
CTP-B (AB) (Supplementary Table 4). There was a 
higher overall rate of adverse events in the AA patients 
than in the AB patients, especially in regard to grade 
III–IV adverse events, bleeding in the upper and lower 
gastrointestinal tract, nose bleeding, renal failure, liver 
failure, encephalopathy, fatigue, weight loss, anorexia, 
and vomiting. 

DISCUSSION

This study supports our hypothesis that the IGF/CTP 
score can distinguish and refine CTP class A patients. We 
found that patients who were reclassified as IGF/CTP-B 
or -C had poorer prognoses (shorter OS and PFS durations 
than those reclassified as IGF/CTP-A). However, for CTP 
class A patients, the threshold for statistical significance 
for the OS and PFS durations of the reclassified groups 
AA and AB were not met because of the limited power of 
the study (39%); our power calculation suggested that 325 
participants with 220 events would be needed to achieve 

Table 2: Comparison of OS probabilities for AA and AB patients at 7.60, 12.00, and 14.54 months 
IGF/CTP classification OS probability at 7.60 months (95% CI) Wald test p value
AA 0.73 (0.63 , 0.84 ) 0.0296
AB 0.48 (0.32 , 0.72 )
 OS probability at 12.00 months (95% CI) Wald test p value
AA 0.62 (0.51 , 0.75 ) 0.046
AB 0.38 (0.23 , 0.64 )  
 OS probability at 14.54 months (95% CI) Wald test p value
AA 0.49 (0.37 , 0.63 ) 0.4915
AB 0.38 (0.23 , 0.64 )  

Abbreviations: CTP, Child-Turcotte-Pugh; IGF, insulin-like growth factor-1; OS, overall survival.
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the 80% power needed to detect significant difference in 
survival outcome.

Assessing liver reserve in HCC is of a great value 
as a tool for stratification of patients in clinical trials 
as well as to predict HCC outcome and guide therapy 

decisions in routine practice [28]; Sorafenib, the first drug 
approved for the treatment of HCC, was approved after 
randomized, placebo-controlled trials demonstrated that it 
improved the overall survival (OS) of CTP class A patients 
with advanced HCC [26, 27] with high importance to 

Table 3: Comparison of PFS probabilities for AA and AB patients at 4.28, 5.00, 6.00, 6.88, and 8.00 
months
IGF/CTP classification PFS probability at 4.28 months (95% CI) Wald test p value
AA 0.75 (0.66, 0.86 ) 0.0122
AB 0.48 (0.33, 0.71 )  
 PFS probability at 5.00 months (95% CI) Wald test p value
AA 0.67 (0.57, 0.78 ) 0.0431
AB 0.44 (0.29, 0.68 )  
 PFS probability at 6.00 months (95% CI) Wald test p value
AA 0.55 (0.44, 0.68 ) 0.0364
AB 0.32 (0.18, 0.56 )  
 PFS probability at 6.88 months (95% CI) Wald test p value
AA 0.49 (0.38, 0.62 ) 0.0171
AB 0.24 (0.12, 0.48 )  
 PFS probability at 8.00 months (95% CI) Wald test p value
AA 0.49 (0.38, 0.62 ) 0.0171
AB 0.24 (0.12, 0.48 )  

Abbreviations: CTP, Child-Turcotte-Pugh; IGF, insulin-like growth factor-1; PFS, progression-free survival.

Figure 1: Comparison of overall survival in CTP class A patients who were reclassified as IGF/CTP-A (AA) and or 
IGF/CTP-B (AB). -Log-rank test was used to compare OS curves among patients who survived longer than 12.00 months; these patients 
were censored at 12.00 months. The log-rank test indicated that AA patients had significantly longer OS than AB patients (p = 0.038).
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select which patients will profit the most from sorafenib; 
especially that systemic therapy in HCC carries high cost 
which adds a significant burden to health care system 
budgets; thus particularly important to identify which 
HCC patients will benefit from systemic therapy as 
distinct from those in whom systemic therapy will pose 
lower survival benefit. In this context, applying a simple, 
noninvasive, routine laboratory test, relatively low cost 
marker for liver reserve assessment will be helpful.

Our group recently reported a significant correlation 
between advanced clinicopathologic parameters and 
lower plasma IGF-1 levels in patients with HCC, IGF-1 

has emerged as a substitute biomarker for Liver reserve 
and we have showed the usefulness of adding it to the 
CTP score; substituting ascites and encephalopathy [19]. 
This led to our development and prospective validation 
of our revised and improved IGF/CTP scoring system, 
which replaced the subjective clinical assessment of 
ascites and encephalopathy included in the original CTP 
scoring system with objectively quantified plasma IGF-
1 levels and created new IGF/CTP score classes (A-C). 
The IGF/CTP score is advantageous not only because it 
uses only objective laboratory variables that are routinely 
assessed in clinical practice, but also because it includes 

Figure 2: Comparison of progression-free survival in CTP class A patients who were reclassified as IGF/CTP-A (AA) 
and or IGF/CTP-B (AB). -Log-rank test was used to compare PFS curves among patients who survived longer than 8.00 months 
without disease progression; these patients were censored at 8.00 months. The log-rank test indicated that AA patients had significantly 
better early PFS than AB patients (p = 0.0099). 

Table 4: Estimated C-index for CTP, IGF-modified-CTP in all patients and in CTP A patients, as 
well as for Cox models with and without IGF-1 in CTP A patients 
All patients  C Index (95% CI) P value
OS CTP 0.58 (0.53, 0.63) 0.61
 IGF-CTP 0.60 (0.54, 0.66)
PFS CTP 0.56 (0.52, 0.61) 0.96
 IGF-CTP 0.57 (0.52, 0.62)
CTP A patients   
OS IGFCPT 0.55 ( 0.49, 0.61)
PFS IGFCPT 0.56 (0.51, 0.61)
OS Model  with albumin + bilirubin + INR 0.64 (0.56, 0.73) 0.026
 Model with albumin + bilirubin + INR + IGF1 0.65 (0.57, 0.74)
PFS Model  with albumin + bilirubin + INR 0.61 (0.54, 0.68) 0.11
 Model with albumin + bilirubin + INR + IGF1 0.63 (0.55, 0.70)
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the plasma IGF-1 level, which is a standardized, Clinical 
Laboratory Improvement Amendments–certified test and 
therefore ready for implementation in routine practice. 
Our prior published data showed that the IGF/CTP 
scoring system significantly improved the prediction of 
survival in HCC patients [21]. Moreover, our previous 
results demonstrated that a significant number of patients 
with CTP class A were reclassified as IGF/CTP-B and 
-C and had significantly poorer survival than those who 
were reclassified as IGF/CTP-A. However, we had not 
previously assessed the outcomes of sorafenib-treated 
patients reclassified according to our new scoring system.

Our study is the first prospective validation of the 
IGF/CTP scoring system association with the outcomes 
among patients with HCC treated with sorafenib. Although 
our study was not powered to determine the predictive value 
of the IGF/CTP score in regard to median OS and PFS 
durations in CTP class A patients treated with sorafenib, 
our subset analyses of OS and PFS at different timepoints 
were statistically significant and, if independently validated, 
could change the standard approach to assessing hepatic 
reserve in patients with HCC.

Our current study included an exploratory analysis 
of 55 CTP class B patients with HCC. This is an important 
population to study, as most clinical trials of systemic 
therapies for HCC include only CTP class A patients. In 
our current study, CTP class B patients with HCC who 
were reclassified as IGF/CTP-A (BA) had OS and PFS 
durations of 6.71 months and 1.97 months, respectively, 
while those reclassified to IGF/CTP-B (BB) had OS 
and PFS durations of 7.07 months and 4.54 months, 
respectively. These findings did not reach the statistical 
threshold for significance because of the small number of 
CTP class B patients in the current study. However, our 
exploratory analysis of the CTP class B group based only 
on IGF-1 levels support the hypothesis that IGF-1 levels 
predict survival outcomes in patients with HCC. The 
analysis indicated that patients with IGF-1 levels greater 
than 26.0 ng/mL had significantly longer OS and PFS 
durations than patients with IGF levels less than or equal 
to 26.0 ng/mL (p = 0.0027). Nevertheless, these findings 

remain exploratory due to the small number of CTP class 
B patients in our study and the retrospective nature of the 
analysis. Therefore, larger studies of IGF-1 levels in this 
population are needed. 

One of the limitations of our study is that it was a 
single-center study in a selected population. Second, it had 
insufficient power to reach statistical significance, however 
it showed a clear trend in better survival outcomes in AA 
patients as compared to AB as aforementioned. To validate 
the observations in the current study, a larger sample size 
will be required. However, we believe that there is critical 
need for future large randomized studies with enough 
power to confirm our results and validate the utility of IGF-
1 as a predictive score for systemic therapy response.

In conclusion, our results demonstrate that, in 
CTP class A patients with advanced HCC treated with 
sorafenib, the IGF/CTP scoring system provides more 
accurate associations with survival than the CTP score. 
This finding should be validated in studies with larger 
sample sizes. If our results are validated in independent 
future studies, our approach of computing CTP scores 
using IGF-1 levels and other laboratory-based parameters 
that are less subjective than the clinical assessments 
currently used may lead to a paradigm shift in predicting 
the efficacy and toxicity of systemic HCC therapies and 
in stratifying patients in HCC clinical trials. Our approach 
could also help differentiate between CTP class A patients 
who may benefit from active therapy and those in whom 
active therapy should be deferred to avoid unnecessary 
harm and save health care resources.

MATERIALS AND METHODS

Study design and study population

The University of Texas MD Anderson Cancer 
Center’s Institutional Review Board approved this 
prospective study, and informed consent was obtained from 
all enrolled patients. Our study was prospectively designed 
to collect pretreatment samples from sorafenib patients, 
follow them until progression, and analyze correlation with 

Table 5: IGF/CTP scoring system
IGF/CTP score (points)†

Variable 1 2 3
Encephalopathy None Mild (1–2) Severe (3–4)
Ascites None Mild/moderate Severe/refractory
Albumin, g/dL > 3.5 2.8–3.5 < 2.8
PT, s < 4 4–6 > 6
Bilirubin, mg/dL‡ < 2 2–3 > 3
IGF-1, ng/mL > 50 26–50 < 26

†IGF/CTP score classes: A, 4–5 points; B, 6–7 points; C, more than 7 points. ‡In patients with primary biliary cirrhosis and 
primary sclerosing cholangitis, the upper limit of bilirubin for 1 point is 4 mg/dL and the upper limit for 2 points is 10 mg/dL. 
Abbreviations: CTP, Child-Turcotte-Pugh; IGF-1, type 1 insulin-like growth factor; PT, prothrombin time.
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pretreatment IGF-1 score. Therefore, score analysis was 
done after therapy was concluded for all patients. Adult 
patients with pathologically or radiologically confirmed 
HCC, as defined by the American Association for the Study 
of Liver Diseases, who were treated at MD Anderson Cancer 
Center from January 2004 to July 2018 were enrolled in 
the study. Patients’ blood samples and epidemiologic and 
clinical data were collected, and plasma samples were 
analyzed retrospectively for IGF-1. Peripheral venous 
blood specimens (3–5 mL) were collected from all patients; 
anticoagulated with ethylenediaminetetraacetic acid, and 
centrifuged for 15 minutes at 3000 rpm. The plasma was 
then removed, aliquoted, and snap frozen at –20°C. Baseline 
IGF-1 levels, clinical characteristics, Adverse events to 
treatment using CTCAE V4.03; and epidemiological data 
were retrieved from the medical records. IGF/CTP scores 
were calculated and patients were classified as IGF/CTP-A, 
-B, or -C based on their serum bilirubin and albumin levels, 
prothrombin times, and plasma IGF-1 levels (≤ 26 ng/ml: 
score of 3, > 26 and ≤ 50, score of 2 and score of 1 for IGF 
> 50); IGF-CTP scores have a range between 4–12; 4–5 for 
IGF-CTP(A), 6–7 for IGF-CTP (B) and > 7 for IGF-CTP (C) 
(Table 5); PFS was calculated from the date that sorafenib 
treatment began to the date of disease progression or death. 
OS was calculated from the date that sorafenib treatment 
began to the date of death or of the last follow-up.

Frequencies and percentages were used to tabulate 
patients’ baseline characteristics and adverse events. The 
Fisher exact test was used to compare the occurrence 
of adverse events between subgroups of patients. The 
Kaplan-Meier method was used to estimate time-to-event 
outcomes (e.g., OS, PFS), and the log-rank test and Cox 
proportional hazards models was used to compare the 
time-to-event outcomes. In addition, we used the Wald 
test to compare OS and PFS probabilities between AA and 
AB patients at some early survival time points; Harrell’s 
concordance index (c-index) and U statistics [29] were 
used to evaluate the predictive capacity between CTP and 
IGF-CTP score systems and between Cox models with and 
without IGF-1. A p value if less than 0.05 was considered 
statistically significant. S+ version 8.2.0 (TIBCO Software 
Inc., Palo Alto, CA, USA) and SAS version 9.4 (SAS 
Institute, Cary, NC, USA) were used for the analyses. 
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