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Background: It is not clear whether tumor marker responses can predict survival during 

sorafenib treatment in hepatocellular carcinoma (HCC). We investigated whether the 

α-fetoprotein (AFP) response is associated with survival in patients with advanced HCC 

treated with sorafenib.

Methods: We retrospectively reviewed the records of 126 patients with advanced HCC treated 

with sorafenib between 2007 and 2012. An AFP response was defined as .20% decrease from 

baseline. At 6–8 weeks after commencing sorafenib, AFP and radiological responses were 

assessed by modified Response Evaluation Criteria in Solid Tumors.

Results: The median overall survival (OS) and progression-free survival (PFS) were 6.2 and 

3.5 months, respectively. Of the study population, a partial response (PR) was identified in 

5 patients (4.0%), stable disease (SD) in 65 patients (51.6%), and progressive disease (PD) in 

57 patients (44.4%), respectively. AFP non-response was an independent prognostic factor for 

poor OS (median 10.9 months for AFP response vs 5.2 months for AFP non-response), together 

with Child-Pugh B, tumor diameter $10 cm, and portal vein invasion (all P,0.05), and PFS 

(median 5.3 months for AFP response vs 2.9 months for AFP non-response), together with 

tumor diameter $10 cm and portal vein invasion (all P,0.05). SD or PR was more frequently 

found in AFP responders than in non-responders (72.1% vs 47.0%, respectively; P=0.007). In 

a sub-group with SD, OS (median 12.7 vs 5.8 months, respectively) and PFS (median 9.1 vs 

3.7 months, respectively) were significantly longer in AFP responders than in non-responders 

(all P,0.05).

Conclusion: Early AFP response may be useful for predicting survival in patients with advanced 

HCC treated with sorafenib.

Keywords: α-fetoprotein, hepatocellular carcinoma, response, prognosis, treatment outcome, 

sorafenib

Introduction
Hepatocellular carcinoma (HCC) is the third leading cause of cancer-related death in 

the world.1 If curative therapies including hepatic resection, liver transplantation, and 

local ablation are possible, favorable prognosis can be expected.2–4 However, the overall 

survival (OS) following the diagnosis of HCC ranges from approximately 6–20 months 

because a significant proportion of patients are not diagnosed until advanced stage.5–7 

Sorafenib, an oral multi-kinase inhibitor, is the treatment of choice for advanced HCC. 

Sorafenib suppresses tumor growth and angiogenesis by inhibiting the Raf/MEK/ERK 

signaling pathway and by inhibiting receptor tyrosine kinases, including vascular 

endothelial growth factor receptor and platelet-derived growth factor receptor-β.8 

Two large, global phase III trials demonstrated that sorafenib significantly improved 
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both time-to-progression and OS in advanced-stage HCC 

compared with placebo.9,10

Radiological assessment remains the gold standard in 

evaluating treatment response for solid cancers including 

HCC. Regarding HCC, two representative standards for 

radiological response evaluation, the European Association 

for the Study of the Liver (EASL) criteria and modified 

Response Evaluation Criteria in Solid Tumors (mRECIST), 

have been most commonly used; both methods estimate 

the reduction in viable tumor area using contrast-enhanced 

radiological imaging, taking into account tumor necrosis 

induced by anti-HCC treatment.11,12 According to previ-

ous investigations, an objective response, which includes 

complete and partial responses (CR and PR), is the main 

independent predictor for better survival outcomes in patients 

with HCC.13,14 However, for those treated with sorafenib, 

achievement of CR is extremely rare and PR is achieved 

in only a small proportion of patients. Indeed, it has been 

reported that approximately 45%–71% of patients receiving 

sorafenib achieved stable disease (SD) as a best response.9,10,15 

Therefore, there has been considerable interest in finding 

ancillary methods beyond radiological assessment for mea-

suring treatment responses in patients undergoing sorafenib 

treatment for advanced HCC.

Serum α-fetoprotein (AFP), a glycoprotein detected in the 

blood of approximately 70% of HCC patients, is widely used 

in clinical practice for diagnosis, pre-treatment prognosis, 

and for predicting tumor response after anti-HCC treatment, 

since it is thought to continuously reflect tumor activity and 

viable burden. The AFP response after anti-HCC treatments 

such as radiation therapy or cytotoxic systemic chemotherapy 

has been investigated, and its clinical usefulness has been 

verified.16–19 However, only a few small studies have investi-

gated the clinical implication of the AFP response in patients 

with advanced HCC treated with sorafenib.20–24 Therefore, 

we evaluated the correlation between the AFP response with 

radiological treatment response and survival outcome in 

patients with advanced HCC treated with sorafenib.

Materials and methods
Patient enrollment
We retrospectively analyzed records for 126 patients treated 

with sorafenib for advanced HCC between 2007 and 2012 at 

Severance Hospital, Yonsei University College of Medicine, 

Seoul, Republic of Korea. Inclusion criteria were: age 

between 20 and 80 years old, Eastern Cooperative Oncol-

ogy Group (ECOG) performance status #2, .2 weeks of 

sorafenib administration, Barcelona Clinic Liver Cancer 

(BCLC) stage C, Child-Pugh class A or B, baseline AFP 

level $20 ng/mL, or laboratory findings adequate for sys-

temic chemotherapy (leukocyte count $2,000 cells/mm3, 

platelet count $50×109/L, hemoglobin level $8.5 g/dL, and 

serum creatinine level ,1.5 mg/dL).

This study was performed in accordance with the ethi-

cal guidelines of the 1975 Declaration of Helsinki and was 

approved by the Institutional Review Board of Severance 

Hospital, Yonsei University College of Medicine, Seoul, 

Republic of Korea.

Diagnosis of HCC
The diagnosis of HCC was based on histological examina-

tion or clinico-radiological criteria, according to guidelines 

proposed by the Korea Liver Cancer Study Group:25 patients 

with one or more risk factors (hepatitis B or C virus infection, 

cirrhosis) and one of the following: 1) AFP $400 ng/mL and 

a positive finding on at least one of three typical imaging 

studies (dynamic computed tomography [CT], dynamic mag-

netic resonance imaging [MRI], or hepatic angiography); or 

2) serum AFP ,400 ng/mL and positive findings on at least 

two of the three imaging studies. A positive finding for typi-

cal HCC on dynamic CT or MRI was defined as increased 

arterial enhancement followed by decreased enhancement  

compared with the liver (washout) in the portal or equilib-

rium phase.

Treatment and assessment  
of therapeutic responses
All patients were thoroughly informed about the frequent side 

effects of sorafenib before receiving 400 mg oral sorafenib 

twice daily on a continuous dosing schedule. Sorafenib was 

continued until significant radiological or clinical progres-

sion, or intolerable toxicity. Patients were followed up for 

response evaluation every 6–8 weeks using dynamic CT, 

dynamic MRI, or positron emission tomography. In this study, 

mRECIST criteria were used as a radiological assessment tool. 

Tumor response was assessed by an experienced radiologist 

(Dr MS Park, Yonsei University College of Medicine, Seoul, 

Republic of Korea). Responses were quantitatively defined 

as CR, indicated by complete disappearance of measurable 

lesions, or PR, defined as a 30% decrease from baseline. 

Progressive disease (PD) was defined as a 20% increase from 

baseline, and SD was defined as a value between PD and PR. 

Objective response was defined as CR or PR, and disease 

control as CR, PR, or SD. The radiologic evaluations of treat-

ment response were conducted between 6 and 8 weeks after 

the initiation of sorafenib. Safety was assessed every month 
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during regular follow-up. Toxicity grade was assessed before 

each treatment cycle using the National Cancer Institute Com-

mon Toxicity Criteria (version 4.0).

Examination of AFP level and definition of early 
aFP response
Serum AFP levels were measured at baseline and every 

6–8 weeks after the start of sorafenib until tumor progression 

or discontinuation of treatment. Serum AFP levels were mea-

sured by a micro-particle enzyme immunoassay (Bayer AG, 

Leverkusen, Germany). If patients experienced a decrease 

in AFP level more than 20% compared to the baseline after 

6–8 weeks of sorafenib treatment, they were defined as AFP 

responders. If not, the patients were considered as AFP non-

responders.

statistical analysis
The primary outcome of the study was OS, and secondary 

outcomes included progression-free survival (PFS) and 

disease control rate. OS was calculated as the time interval 

between the date of the initiation of sorafenib and the date of 

death or final follow-up. PFS was assessed from the date of 

the initiation of sorafenib until the date of first progression 

or death. Survival time was estimated by the Kaplan–Meier 

method, and differences between groups were assessed by 

the log-rank test. The Cox proportional hazards model was 

used for multivariate analysis of survival. Student’s t-test or 

Mann–Whitney U test, if appropriate, was used to statistically 

compare continuous variables, and chi-square or Fisher’s 

exact test was used for categorical variables. The prognostic 

significance of age, sex, etiology, ECOG, Child-Pugh class, 

tumor size, tumor number, tumor morphology, portal vein 

invasion, the presence of extrahepatic spread and/or regional 

node involvement, AFP response, and Protein Induced by 

Vitamin K Absence or Antagonist-II (PIVKA-II) response 

were tested in univariate analysis. All variables that were 

significant in the univariate analysis were included in the 

multivariate model. Statistical analyses were performed 

using SAS version 9.1.3 (SAS Institute Inc, Cary, NC, USA). 

A two-sided P-value of ,0.05 was considered statistically 

significant.

Results
Baseline characteristics
Table 1 shows the baseline characteristics of the entire patient 

population. The median age was 58 years, 101 (80.2%) 

patients were male, and 96 (76.2%) patients were Child-

Pugh class A for liver function. The median tumor size 

was 7.8 cm, and 50 (39.7%) patients had the infiltrative 

type of HCC. Portal vein invasion was found in 48 (38.1%) 

patients, whereas extrahepatic spread and/or regional lymph 

nodal involvement was identified in 87 (69.0%) patients. The 

median AFP and PIVKA-II levels were 291.6 ng/mL and 

491.5 AU/L, respectively.

evaluation of aFP and  
radiological responses
Within the entire cohort, the median AFP level increased 

from 291.6 ng/dL (range 22–120,000 ng/dL) at baseline to 

353.5 ng/dL (range 1.28–120,000 ng/dL), despite 6–8 weeks 

of sorafenib treatment. In the first radiological response 

evaluation at 6–8 weeks after initiation of sorafenib treat-

ment, PR, SD, and PD were observed in 5 (4.0%), 65 (51.6%), 

and 56 (44.4%) patients, respectively, whereas no CR was 

identified.

Of the study population, 43 (34.1%) patients were classi-

fied as AFP responders and the remaining 83 (65.9%) were 

AFP non-responders. Among AFP responders, PR, SD, and 

PD were observed in 1 (2.3%), 30 (69.8%), and 12 (27.9%) 

patients, respectively, contrasting with 4 (4.8%), 35 (42.2%), 

and 44 (53.0%) PR, SD, and PD cases in AFP non-responders, 

respectively. With the exception of the significantly higher 

disease control rate in AFP responders vs non-responders 

Table 1 Baseline characteristics of patients (n=126)

Variables Values

Demographic variables
 age, years 58 (34–85)
 Male sex, n 101 (80.2)
 Viral etiology, n 90 (71.4)
 eCOg, 0–1/2, n 120 (95.2)/6 (4.8)
 Child-Pugh class, a/B, n 96 (76.2)/30 (23.8)
 Previous treatment history, n 92 (73.0)
Tumor variables
 Tumor size, cm 7.8 (2.0–18.0)
 Multiple tumors, $4 57 (45.2)
 Infiltrative type 50 (39.7)
 Portal vein invasion 48 (38.1)
 Presence of eHs and/or rni 87 (69.0)
laboratory variables
 alanine aminotransferase, iU/dl 28 (3–433)
 Prothrombin time, inr 1.1 (0.9–2.2)
 Total bilirubin, mg/dl 0.8 (0.3–3.6)
 serum albumin, mg/dl 3.9 (2.6–5.2)
Tumor markers
 aFP, mg/dl 291.6 (22–120,000)
 PiVKa-ii, maU/ml 491.5 (50–75,000)

Note: Values are expressed as median (range) or number (%).
Abbreviations: eCOg, eastern Cooperative Oncology group; eHs, extrahepatic 
spread; rni, regional nodal involvement; inr, international normalized ratio; aFP, 
α-fetoprotein; PiVKa-ii, protein induced by vitamin K absence-ii.
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(72.1% [31 of 43 patients] vs 47.0% [39 of 83 patients], 

respectively; P=0.007), baseline characteristics were statisti-

cally similar between AFP responders and non-responders 

(all P.0.05) (Table 2).

survival outcomes
The median OS of the entire population was 6.2 (95% confi-

dence interval [CI], 5.1–7.2) months. On univariate analysis, 

patients with Child-Pugh class A, tumor diameter ,10 cm, the 

absence of portal vein invasion, and AFP response were likely 

to have longer OS compared to Child-Pugh class B (median 

7.1 [95% CI 5.4–8.7] vs 5.2 [95% CI 4.2–6.1] months), tumor 

diameter $10 cm (median 7.4 [95% CI 5.5–9.2] vs 4.3 [95% 

CI 1.6–8.0] months), the presence of portal vein invasion 

(median 7.8 [95% CI 5.4–10.1] vs 4.8 [95% CI 4.1–5.4] 

months) and AFP non-response (median 10.9 [95% CI 

7.4–14.3] vs 5.2 [95% CI 4.2–6.1] months), respectively (all 

P,0.05). Subsequently, multivariate analysis identified AFP 

non-response as a prognostic factor for poor OS (P=0.001; 

hazard ratio [HR], 2.6; 95% CI, 1.5–4.3), together with Child-

Pugh class B, tumor diameter $10 cm, and the presence of 

portal vein invasion (Table 3).

The median PFS of the entire population was 3.5 

(95% CI, 2.9–4.0) months. On univariate analysis, patients 

with tumor diameter ,10 cm, the absence of portal vein 

invasion, and AFP response were likely to have longer 

PFS compared to tumor diameter $10 cm (3.6 [95% CI 

2.5–4.6] vs 2.5 [95% CI 1.8–3.1] months), the presence 

of portal vein invasion (3.6 [95% CI 1.7–5.4] vs 2.9 [95% 

CI 2.5–3.2] months) and AFP non-response (5.3 [95% CI 

1.0–9.5] vs. 2.9 [95% CI 2.6–3.1] months), respectively (all 

P,0.05). Subsequently, multivariate analysis identified AFP 

non-response as a poor prognostic factor of OS (P=0.001; 

HR, 2.1; 95% CI, 1.3–3.3), together with tumor diameter 

$10 cm and the presence of portal vein invasion (Table 4). 

Kaplan–Meier curves for OS and PFS according to AFP 

response are provided in Figure 1.

Using four independent risk factors from multivariate 

Cox proportional hazard model, we established a formula 

to assess the risk of death:

Log relative hazard ratio (LRHR) 

 =  exp[0.63× Child-Pugh class (A=0, B=1)  

+ 1.0× tumor size (,10 cm=0, $10 cm=1)  

+ 0.9× portal vein invasion (absence =0, presence =1) 

+ 0.9× AFP response (presence =0, absence =1)]  (1)

If a given patient had all four risk factors, LRHR increased 

up to 30.8. When the study population was stratified according 

to the mean LRHR value, patients with LRHR ,4 showed 

significantly better OS compared to those with LRHR $4 

Table 2 Comparison between patients with and without aFP response

Variables Patients with AFP  
response (n=43; 34.1%)

Patients without AFP  
response (n=83; 65.9%)

P-value

Demographic variables
 age, years 56 (39–78) 59 (34–85) ns
 Male sex 38 (88.4) 68 (76.4) ns
 Viral etiology 34 (89.5) 61 (83.6) ns
 eCOg, 0–1 42 (97.7) 84 (94.4) ns
 Child-Pugh class a 33 (76.7) 67 (75.3) ns
  Previous treatment history 30 (69.8) 64 (71.9) ns
Tumor variables
  Tumor size, cm 4.0 (2.0–13.0) 3.2 (2.0–18.0) ns
  Multiple tumors, $4 27 (62.8) 47 (52.8) ns
  Infiltrative type 20 (46.5) 34 (38.2) ns
  Portal vein invasion 14 (32.6) 37 (41.6) ns
  Presence of eHs and/or rni 30 (69.8) 62 (69.7) ns
laboratory variables
  alanine aminotransferase, iU/dl 25 (3.0–315.0) 30.0 (9.0–433.0) ns
  Prothrombin time, inr 1.1 (0.9–2.2) 1.1 (0.9–1.7) ns
  Total bilirubin, mg/dl 0.7 (0.3–2.1) 0.8 (0.3–3.6) ns
  serum albumin, mg/dl 3.8 (2.6–4.6) 3.9 (2.6–5.0) ns
Tumor markers
  aFP, mg/dl 450.9 (22–120,000) 343.2 (22.5–120,000) ns
  PiVKa-ii, maU/ml 365.0 (9.0–20,000) 529.0 (9.0–75,000) ns
Disease control rate 31 (72.1) 39 (47.0) 0.007

Note: Values are expressed as median (range) or number (%).
Abbreviations: eCOg, eastern Cooperative Oncology group; eHs, extrahepatic spread; rni, regional nodal involvement; inr, international normalized ratio; aFP, 
α-fetoprotein; PIVKA-II, protein induced by vitamin K absence-II; NS, not significant.
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[median 6.2 months (95% CI, 3.8–8.5) vs 2.9 months (95% 

CI, 1.7–4.0), P,0.001 by log-rank test)] (Figure S1).

Correlation of the aFP response and Os 
in different radiological responses
Because the AFP response was an independent predic-

tor of favorable OS, we further investigated whether the 

AFP response could be used to identify patients with a 

favorable prognosis in each subpopulation with the same 

radiological response. In the subpopulation with SD, 

AFP responders had significantly better OS and PFS than 

non-responders (median, 12.7 vs 5.8 months, respectively; 

log-rank test, P=0.027 for OS; median, 9.1 vs 3.7 months, 

respectively; log-rank test, P=0.019 for PFS) (Figure 2). In the 

subpopulation with PD, AFP responders tended to have longer 

OS than non-responders (median, 6.3 vs 4.5 months, respec-

tively; log-rank test, P=0.080), whereas PFS was statistically 

similar between AFP responders and non-responders (median, 

1.7 vs 2.2 months, respectively; log-rank test, P=0.602).

The OS of patients with both AFP and radiological 

response was significantly longer than those with only 

one response (AFP response or radiological response) and 

those without any response (median, 15.0 months [95% CI, 

7.8–22.1] vs median, 6.3 months [95% CI, 4.0–8.5] and 

median, 4.0 months, respectively [95% CI, 2.5–5.4]; all 

P,0.001). Similar results for PFS were obtained (median 

PFS, 9.1 months [95% CI, 3.7–14.4] for patients with both 

responses vs median, 3.3 months [95% CI, 2.6–3.9] for those 
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Figure 1 Kaplan–Meier curves of overall survival (Os) (A) and progression-free 
survival (PFs) (B) according to α-fetoprotein (aFP) response. Patients with an aFP 
response had significantly longer OS and PFS than patients without an AFP response 
(median 10.9 versus 5.2 months, log-rank test P=0.001 for Os and 5.3 versus 2.9 
months, log-rank test P,0.001 for PFs).
Abbreviation: vs, versus.

Table 3 independent predictors of overall survival

Variables Univariate Multivariate

P-value P-value Hazard ratio 
(95% CI)

Demographic variables
 age ns
 Male sex ns
 Viral etiology ns
 eCOg 0–1, vs 2 0.006 0.210 1.3 (0.8–2.1)
 Child-Pugh class B, vs a 0.012 0.017 1.8 (1.1–3.1)
Tumor variables
 Tumor size, $10 cm 0.001 0.001 2.7 (1.6–4.7)

 Multiple tumors, $4 ns
  Infiltrative tumor type, vs 

nodular
0.058

 Portal vein invasion ,0.001 ,0.001 2.4 (1.5–3.8)
  Presence of eHs and/or rni ns
Tumor markers
 aFP non-response ,0.001 0.001 2.6 (1.5–4.3)
 PiVKa-ii non-response ns

Abbreviations: NS, not significant; CI, confidence interval; ECOG, Eastern 
Cooperative Oncology group; eHs, extrahepatic spread; rni, regional nodal 
involvement; aFP, α-fetoprotein; PiVKa-ii, protein induced by vitamin K absence-ii; 
vs, versus.

Table 4 independent predictors of progression-free survival

Variables Univariate Multivariate

P-value P-value Hazard ratio 
(95% CI)

Demographic variables
 age ns
 Male sex ns
 Viral etiology ns
 eCOg 0–1, vs 2 ns
 Child-Pugh class a, vs B ns
Tumor variables
 Tumor size, $10 cm 0.019 0.042 1.6 (1.1–2.5)

 Multiple tumors, $4 ns
  Infiltrative tumor type, vs  

nodular
ns

 Portal vein invasion 0.006 0.007 1.5 (1.1–2.6)
 Presence of eHs and/or rni ns
Tumor markers
 aFP non-response 0.001 0.001 2.1 (1.3–3.3)
 PiVKa-ii non-response ns

Abbreviations: NS, not significant; CI, confidence interval; ECOG, Eastern 
Cooperative Oncology group; eHs, extrahepatic spread; rni, regional nodal 
involvement; aFP, α-fetoprotein; PiVKa-ii, protein induced by vitamin K absence-ii; 
vs, versus.
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with only one response and median, 2.1 months [95% CI, 

1.6–2.5] for those without any response; all P,0.001).

Toxicity
Treatment-related adverse effects were common, and those 

of grade 2 or more are described in Table 5. The most com-

mon toxicity related to sorafenib treatment was the hand–foot 

skin reaction (HFSR, 41.2%), followed by diarrhea (30.4%). 

Grade 3 or 4 toxicities were relatively rare: greater than 

grade 3 HFSR and diarrhea were found in 10 (7.9%) and 

7 (5.6%) patients, respectively. Gastrointestinal symptoms 

including nausea in 15 (11.9%) patients and abdominal pain 

in 25 (19.8%) patients occurred during sorafenib treatment. 

However, all adverse events were manageable with medical 

support and dose adjustment of sorafenib.

Discussion
Radiological assessment is generally regarded as the cur-

rent gold standard of response evaluation after treatment 

of HCC.13 Recently, significant advances in the methods of 

radiological response assessment from WHO to mRECIST 

criteria have been made based on the concept that tumor 

necrosis or decreased tumor viability after HCC treatments 

should be included as favorable responses, despite a lack of 

change in tumor size.26 Accordingly, more precise assessment 

of the prognosis in patients with HCC has become possible. 

However, discrepancies between the responses assessed by 

radiological tools and the changes in tumor markers can 

be encountered, because radiological assessment does not 

consider the biological characteristics of HCC.

To date, it has been proven that the changes in tumor mark-

ers are closely correlated with treatment response after anti-

cancer therapy in various solid tumors.27,28 Regarding HCC, 

a conventional tumor marker, AFP, has been well-known as 

a surveillance and diagnostic marker as well as a biological 

marker of tumor burden and activity.29 In the surgical set-

ting, the recurrence and long-term prognosis after curative 

resection and liver transplantation for HCC can be predicted 

using the dynamics of AFP levels before and after surgery.30–33 

Similarly, the predictive values of the changes in AFP levels 

after transarterial chemoembolization for HCC has also been 

reported.34 In addition, several recent studies have proposed 

the usefulness of the AFP response in assessing treatment 

response in various treatment settings. The .50% decline 

in serum AFP was predictive of the efficacy of thalidomide 

therapy and other palliative chemotherapy in HCC.16,35,36 

Moreover, Shao et al17 proposed that an AFP response of .20% 

decrease within 6–8 weeks of chemotherapy in combination 

with various anti-angiogenic agents including sorafenib was 

predictive of treatment response and prognosis. In addition, 

Personeni et al21 reported that the AFP response observed with 

sorafenib treatment independently contributed to a lower risk 

of death with an HR of 0.59 (P=0.040), whereas radiological 

disease control assessed by RECIST criteria was not statisti-

cally predictive for OS. Thus, Personeni et al21 concluded that 

the AFP response can be an alternative response assessment 

method for RECIST after sorafenib treatment.
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Figure 2 curves of overall survival (Os) (A) and progression-free survival (PFs) 
(B) according to α-fetoprotein (aFP) response among patients with stable disease 
at the first radiological response evaluation. Patients with an AFP response had 
significantly longer OS and PFS than patients without an AFP response (median 12.7 
versus 5.8 months, log-rank test P=0.027 for Os and 9.1 versus 3.7 months, log-rank 
test P=0.019 for PFs).
Abbreviation: vs, versus.

Table 5 adverse events

Adverse events Total Grade $2

HFsr 52 (41.2) 15 (11.9)
Diarrhea 40 (30.4) 12 (9.5)
alopecia 15 (11.9) 2 (1.6)
anorexia 15 (11.9) 8 (6.3)
abdominal pain 25 (19.8) 9 (7.1)
Fatigue 29 (23.0) 19 (15.1)

Note: Variables are expressed as n (%).
Abbreviations: HFsr, hand–foot skin reaction; n, number.
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Sorafenib is a small cytostatic multi-target tyrosine kinase 

inhibitor that blocks tumor angiogenesis and proliferation, but 

does not eliminate the tumor directly, unlike other conven-

tional cytotoxic chemotherapeutic agents.37 While sorafenib 

treatment for HCC has a proven survival benefit, radiological 

CR and PR, which are the most robust favorable predictors of 

treatment response, and abrupt changes in the viable area with 

enhancement are rarely observed in clinical practice.38 In addi-

tion, even if radiological SD was achieved with sorafenib, dif-

ferences in prognosis due to differences in tumor biology are 

anticipated because radiological criteria for SD, for example 

mRECIST, have a relatively broad definition that includes 

a 20% increase to a 30% decrease from baseline enhanced 

tumor size. Thus, it is easily postulated that the prognostic 

value of imaging-based response evaluation using mRECIST 

might be insufficient and that mRECIST might fail to stratify 

patients with different prognoses, even patients with the same 

radiological SD. Thus, there is a great need for identifying an 

ancillary method to complement radiological response evalu-

ation, especially for patients receiving sorafenib.

In our study, we found that the AFP response inde-

pendently predicted OS (together with Child-Pugh score, 

tumor size, and the presence of portal vein invasion) and 

PFS (together with tumor size and the presence of portal 

vein invasion). In addition, the AFP response could be used 

to stratify patients with different OS, even those with the 

same radiological responses of SD after sorafenib treatment. 

Furthermore, patients with both AFP and radiological 

responses showed significantly longer OS than that of patients 

with only one response (AFP response or radiological 

response) and those without any response. This information 

can help optimize the management strategy for patients 

with advanced HCC receiving sorafenib. That is, we can 

expect more favorable prognosis in patients with both SD 

and an AFP response, whereas in those with SD, but an AFP 

non-response, close observation might be required to detect 

disease progression. In addition, although statistical signifi-

cances were not reached, PFS tended to be longer in AFP 

responders, even with radiological PD. Thus, it can be cau-

tiously proposed that sorafenib treatment can be prolonged, 

if an AFP response is identified, in spite of radiological PD. 

Based on our results, the addition of an AFP response to 

the radiological response criteria can be newly established 

for more detailed prognostication for this study population, 

although future studies should validate our results.

Several issues still remain unresolved in our study. First, 

this was a retrospective study that might have included selec-

tion bias. However, because the median OS and PFS were 

almost similar to those of the Asia-Pacific trial for sorafenib10 

and the primary aim of this study was not the treatment effi-

cacy of sorafenib, reflected by survival outcomes, but rather 

the study was performed to identify the predictors of treat-

ment response, the influence of the potential selection bias 

might not be significant. Second, because the sample size was 

relatively small, the prognostic value of the AFP response in 

subgroups of each radiological response might be influenced. 

Further large scale studies are warranted to confirm the sig-

nificance of the AFP response. Third, we excluded patients 

with a low AFP level (,20 ng/mL) in order to calculate the 

changes in AFP level before and after sorafenib treatment. 

Thus, our results might not be applicable to the subpopula-

tion without elevated AFP levels at baseline (.20 ng/mL). 

Fourth, although we proposed a risk prediction formula using 

four independent risk factors (Child-Pugh class, tumor size, 

portal vein invasion, and AFP response) and found that this 

formula can identify subgroups with different prognosis, 

further studies are required to validate our results.

In conclusion, we have shown that an early AFP response 

was an independent prognostic factor for determining survival 

outcomes in HCC patients treated with sorafenib. In addition, 

the AFP response can stratify patients with different survival 

outcomes, even with the same radiological responses after 

sorafenib treatment. Thus, considering that the measurement 

of AFP change is simple, rapid, reproducible, and operator-

independent, AFP response can be used as a complementary 

method for radiological assessment for evaluating treatment 

response in sorafenib treatment of advanced HCC.
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Figure S1 Kaplan–Meier analysis according to log relative hazard ratio (lrHr) 
which was established using four independent risk factors: lrHr = exp[0.63 × 
Child-Pugh class (a=0, B=1) + 1.0 × tumor size (,10 cm=0, $10 cm=1) + 0.9 × 
portal vein invasion (absence =0, presence =1) + 0.9 × aFP response (presence =0,  
absence =1)]. When the study population was stratified according to the mean 
lrHr value, patients with lrHr ,4 showed significantly better OS compared to 
those with lrHr $4 [median 6.2 months (95% Ci, 3.8–8.5) versus 2.9 months (95% 
Ci, 1.7–4.0), P,0.001 by log-rank test).
Abbreviations: Os, overall survival; aFP, α-fetoprotein; CI, confidence interval.
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