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Abstract

Background/Aims: The use of Alpha-fetoprotein (AFP) response in 
unresectable Hepatocellular Carcinoma (HCC) patients undergoing Transarterial 
Chemoembolization (TACE) combined with sorafenib has not been rigorously 
evaluated. We defined potential AFP criteria and compared them with modified 
Response Evaluation Criteria in Solid Tumors (mRECIST) aimed to: a) validate 
the prognostic role of AFP response, and b) determine the extent of agreement 
between AFP and imaging criteria.

Methods: In total, 203 unresectable HCC patients with baseline AFP (> 
20ng/mL), who underwent combined TACE with sorafenib therapy, were 
retrospectively enrolled for AFP-imaging correlation analysis. AFP response 
was classified as complete response, normalization of AFP; partial response, 
> 50% decrease from baseline; stable disease, -50% to +30% change from 
baseline; or progressive disease, > 30% increase from baseline. AFP- and 
mRECIST- based Response Rate (RR) and Disease Control Rate (DCR) was 
compared, and associations between AFP response and Overall Survival (OS) 
were evaluated. 

Results: The k value for agreement between AFP criteria and mRECIST 
was 0.47 (moderate), with RR and DCR were 43.3%, 69.0%, and 42.9%, 
53.7% (P=0.920, P=0.002), respectively. A higher area under curve for AFP 
control was observed in receiver operating characteristic curve compared with 
mRECIST control (0.908 vs. 0.866). The AFP and mRECIST response or control 
significantly correlated with OS. Both AFP control (Hazard Ratio) [HR]=0.211; 
95% CI: 0.132, 0.337; P<0.001) and mRECIST control was confirmed by 
multivariate analysis. 

Conclusion: The proposed AFP criteria provided accurate predictions in 
patients with unresectable HCC and positive AFP after TACE combined with 
sorafenib. 
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Introduction
Hepatocellular Carcinoma (HCC) is the fifth most common 

malignancy and the third leading cause of cancer-related death 
worldwide [1]. Liver resection, liver transplantation, and percutaneous 
ablation are the main radical treatments for HCC. However, only 30-
40% of early-stage patients are amenable for such curative therapies, 
and more than 50% of all HCCs are diagnosed at the unresectable 
stage [2,3]. Sorafenib, an oral inhibitor of multiple kinases 
involved in HCC proliferation and angiogenesis, and Transarterial 
Chemoembolization (TACE) are important and common treatments 
for most patients with unresectable stage HCC [4-7]. Recently, there 
has been an increasing focus on combining TACE with sorafenib 
to potentially improve the efficacy for patients with unresectable/
advanced HCC [8-13].

Conventionally, the treatment response of HCC tumors is 
assessed radiologically. The Response Evaluation Criteria in Solid 

Tumors (RECIST) criteria focus on tumor size, has been widely used 
in the assessment of tumor response to systemic chemotherapy [14]. 
Whereas, because they include radiologically enhanced criteria, the 
European Association for the Study of the Liver (EASL) [15] and 
modified RECIST (mRECIST) [16] criteria can reliably predict the 
treatment response and survival in patients with HCC undergoing 
TACE [17-19]. Further, Liu et al concluded that EASL and mRECIST 
response were a better predictor for OS than RECIST response in 
HCC patients treated with combination TACE and sorafenib therapy 
[20]. Therefore, the enhanced radiologic criteria are widely used to 
assess the tumor response in patients with HCC. 

Changes in serum tumor markers are also important for 
monitoring anticancer treatment response. Alpha-fetoprotein (AFP) 
is a universally recognized tumor marker for HCC [21]. The diagnostic 
and prognostic role of AFP in HCC patients has been confirmed [22-
28]. Memon et al [29] and Personeni et al [30] presented their analysis 
in Journal of Hepatology in which they conclude that AFP response 
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is a reliable prognostic factor for treatment response and survival in 
HCC patients undergoing TACE or sorafenib alone, respectively. 
Recently, TACE combined with sorafenib, as a combination of 
local and systemic therapy, has been a commonly used treatment in 
multiple, advanced HCC tumors. Therefore, it is needed to identify 
whether the same holds true for the combination therapy. We present 
data to support this concept. Meanwhile, we defined potential AFP 
criteria and compared them with mRECIST to determine the extent 
of agreement between the tumor maker criteria and imaging criteria. 

Patients and Methods 
Patient selection 

The study protocol was approved by the ethics committees of 
the institution. Written informed consent was obtained from each 
participant in accordance with the Declaration of Helsinki. Patients 
with unresectable HCC who underwent TACE combined with 
sorafenib as initial treatment at our center, between January 2010 and 
December 2014, were retrospectively analysed. The HCC diagnosis 
was made according to the EASL guideline [3]. 

The inclusion criteria were: (a) age between 18-75 years; (b) 
Barcelona Clinic Liver Cancer stage B or C; (c) Child-Pugh class A or 
B liver function; (d) Eastern Cooperative Oncology Group (ECOG) 
performance scores ≤ 2; (e) no previous treatments; (f) HCC with 
elevated baseline AFP (> 20 ng/mL); and (g) availability of radiologic 
imaging and serum AFP data. Patients were excluded for any of the 
following: (a) HCC with normal baseline serum AFP (< 20 ng/mL); 
(b) inadequate target lesion (diffuse pattern or largest lesion < 1 cm); 
(c) Child-Pugh class C liver function or massive ascites, esophageal 
gastric variceal bleeding, or hepatic encephalopathy; (d) obstructive 
jaundice; (e) secondary malignancy; (f) missing data. 

Treatment protocol 
The treatment protocol was performed according to our previous 

report [12,13]. Briefly, 10 to 20 mL lipiodol (Guerbet, Paris, France) 
was mixed with 20–40 mg epirubicin (Pfizer, New York, USA) to 
create an emulsion. Depending on the tumor size and liver function, 
2–20 mL of the emulsion was infused into the liver tumor through 
a catheter. Subsequently, embolization using gelfoam was carried 
out. When blood flow slowed or a vascular cast was observed, the 
injection was stopped. sorafenib treatment was started 1–3 days after 
TACE. The initial dose of oral sorafenib was 400 mg given twice daily. 

Doses were modified depending on the toxicity according to National 
Cancer Institute’s Common Terminology Criteria for Adverse Events 
(CTCAE) 3.0.

Follow-up 
Standard follow-up evaluations protocol of treatment for HCC 

described previously [13,31] including dynamic contrast-enhanced 
CT scans and laboratory tests, were performed to evaluate the efficacy 
at 4-6 weeks after initiation of therapy and every 2 months thereafter. 
Laboratory tests included hematologic analyses, liver function test, 
serum AFP assay, and hepatitis serologic test. Complications and 
adverse events were recorded. 

Assessments
Serum AFP levels were measured using a microparticle enzyme 

immunoassay (Abbott Laboratories, Chicago, IL). AFP response was 
classified as follows: Complete Response (CR), normalization of AFP; 
Partial Response (PR), >50% decrease from baseline; Stable Disease 
(SD), -50% to +30% change from baseline; or Progressive Disease (PD), 
>30% increase from baseline. Tumor response evaluation criteria were 
based on radiologic evaluation according to the mRECIST guideline 
[16] as: CR: disappearance of any intratumoral arterial enhancement 
in total lesions; PR: ≥30% decrease in tumor size; SD, neither PR 
nor PD; or PD: ≥20% increase in tumor size or the appearance of 
new lesion(s). The overall response assessment of target and non-
target lesions was determined based on the mRECIST criteria. All 
measurements were performed by an independent observer (.., who 
had >15 years of experience) who was blinded to clinical data to 
minimize the possibility of false categorizations. Whenever response 
categorization was not obvious, final classification was made by 
consensus (.. and .., who had >20 years of experience). The interval 
between AFP measurement and CT scan was up to 2 days.

Because the initial response is a robust predictor for favorable 
outcome, the concept was applied in the present study. The initial 
response was defined as the first assessment after initial therapy [32-
34]. Objective response was defined as sum of CR and PR, disease 
control was a sum of CR, PR and SD. whereas PD was defined non-
response. The primary endpoint was Overall Survival (OS). OS was 
defined as the time from the date of treatment initiation until the date 
of death or last follow-up. The correlation of response and OS was 
analyzed.

A B

Figure 1: The Receiver Operating Characteristics (ROC) curve for overall survival in AFP disease control and mRECIST disease control. The under the curve 
(AUC) was 0.908 for the AFP disease control (A) and 0.866 for the mRECIST disease control (B). 
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Statistical analyses 
All statistical analyses were performed using SPSS software 

(SPSS version 16.0, SPSS, Chicago, IL). For baseline characteristics, 
continuous variables are described as medians±standard deviations 
and categorical variables are expressed as frequencies and 
percentages. Intermethod agreement between the two methods was 
assessed using Cohen’s kappa (k) coefficient. A k coefficient >0.75 
represented excellent intermethod agreement and a k coefficient of 
<0.21 represented poor intermethod agreement [35]. The Kaplan–
Meier method and log-rank test were used to calculate and compare 
survival differences, respectively. Univariate analyses were performed 
using the log-rank test. Variables with a P value <0.1 were entered 
into a multivariate analysis using the Cox proportional hazards 
model to identify risk factors associated with OS. All statistical tests 
were two-sided, and P <0.05 was considered statistically significant.

Results
Study population 

Among 577 consecutive newly diagnosed patients with 
unresectable HCC who underwent TACE plus sorafenib as initial 
treatment, 374 were excluded because they had normal serum AFP 
(n=139), diffuse HCC (n=8), Child-Pugh class C liver function (n=63) 
or massive ascites (n=16), esophageal gastric variceal bleeding (n=10), 
or hepatic encephalopathy (n=6), obstructive jaundice (n=11); 
or secondary malignancy (n=10). In addition, 112 patients were 
excluded because their data were not available. The analysis cohort 
included 203 patients. The baseline characteristics of all patients are 
detailed shown in Table 1. The mean duration of sorafenib treatment 
was 12.8 months (range 1-56 months). The mean follow-up duration 
was 15.7 months (range 3-63 months).

Response rates, disease control rates and inter method 
agreements between AFP criteria and mRECIST According to AFP 
criteria, 37 patients had a CR, 51 had a PR, 52 had SD, and 63 had 
PD. The AFP objective response rates (ORR) and disease control rates 
(DCR) were 43.3% and 69.0%. According to mRECIST, 15 patients 
had a CR, 72 had a PR, 22 had SD, and 94 had PD. The mRECIST 
ORR and DCR were 42.9% and 53.7%. The ORR between the two 
criteria were comparable (P=0.920), but the AFP DCR is higher than 
that in mRECIST (P=0.002). The AUC of AFP disease control was 
0.908 (95% CI=0.869, 0.947) (Figure 1A), which was higher than 

A B

Figure 2: Kaplan-Meier curves showing Overall Survival (OS) for disease control and non-responder.
(A) The median OS was 17.0 months for AFP disease control and 6.0 months for AFP non-responders (P<0.001).
(B) The median OS was 20.0 months for radiologic disease control and 6.0 months for radiologic non-responders (P<0.001).

Characteristics Number (%)

Age (years)* 51.4 ± 10.9

Sex

  Male 197 (97.0)

  Female 6 (3.0)

Etiology

  Hepatitis B 195 (96.1)

  Hepatitis C 1 (0.5)

  Other 7 (3.4)

Cirrhosis

  Present 161 (79.3)

  Absent 42 (20.7)

No. of tumors

  1-5 99 (48.8)

  >5 104 (51.2)

Size of main tumor (cm)* 9.9 ± 3.9

  ≤5 23 (11.3)

  5-10 79 (38.9)

  >10 101 (49.8)

ECOG

  0 49 (24.1)

  1 128 (63.1)

  2 26 (12.8)

Child-Pugh class

  A 191 (94.1)

  B 12 (5.9)

BCLC stage

  B 84 (41.4)

  C 119 (58.6)

PVTT 94 (46.3)

Extrahepatic spread 47 (23.2)

AFP (ng/mL) (range) 24-999999

≤400 56 (27.6)

>400 147 (72.4)

Table 1: Baseline patient characteristics.

*Data represent mean ± SD. AFP: Alpha-fetoprotein; BCLC: Barcelona Clinic 
Liver Cancer; ECOG: Eastern Cooperative Oncology Group; PVTT: Portal Vein 
Tumor Thrombus.
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mRECIST disease control (0.866, 95% CI=0.816, 0.917) (Figure 1B). 
Inter method agreements between the two methods are shown in 
Table 2. The k value between the AFP criteria and mRECIST was 0.47 
(moderate). 

Overall survival stratification according to AFP criteria, 
mRECIST 

The median OS was 17.0 months (95% CI: 14.1, 19.9) for AFP 
disease control and 6.0 months (95% CI: 5.2, 6.8) for non-responders 
(P<0.001; Figure 2A). The median OS was 20.0 months (95% CI: 17.3, 
22.7) for mRECIST disease control and 6.0 months (95% CI: 5.2, 6.7) 
for non-responders (P<0.001; Figure 2B). 

Independent risk factors for survival
On univariate analysis, the number of tumors, tumor size, AFP 

level, AFP control, mRECIST control and Barcelona Clinic Liver 
Cancer (BCLC) stage were significantly associated with OS. On 
multivariate analysis, AFP disease control (hazard ratio [HR]=0.211; 
95%  CI: 0.132, 0.337; P<0.001). mRECIST disease control (HR=0.493; 
95% CI: 0.323, 0.754; P=0.001), and BCLC stage (HR=2.018; 95% CI: 
1.388, 2.933; P<0.001) were independent prognostic factors for OS 
in Table 3. 

Discussion
For the assessment of HCC treatment, the size and enhancement 

criteria on radiological imaging are reliable predictors of therapy 
response and survival, and their role in selecting a treatment 
strategy is irreplaceable. However, the radiologic criteria present 
some limitations including inter observer subjectivity, variable 
enhancement, increased patient exposure to radiation, and 
misinterpretation because of regenerative or dysplastic nodules, or 
perfusion abnormalities, especially in multiple, advanced tumors 
[25]. The tumor biomarker AFP can provide an objective reflection 
of tumor activity [21-24]. Therefore, AFP-based criteria might offer 
a simple and potentially less subjective method of assessing tumor 
response. 

In the present study, we propose the AFP criteria for assessing the 
efficacy of combination therapy in unrespectable HCC. First, we found 
that, in patients with unrespectable HCC undergoing TACE plus 
sorafeinb, the AFP response was highly associated with the mRECIST 
response (n=88 vs. 87), and was a good predictor of survival. These 
findings are congruent with those concluded in previous studies [25-
30]. Second, the inter method agreement is moderate between AFP 
criteria and mRECIST (k=0.47), which mainly account for 39.4% 

AFP response

CR PR SD PD Total

mRECIST

CR 12 3 0 0 15

PR 24 40 6 2 72

SD 1 1 16 4 22

PD 0 7 30 57 94

Total 37 51 52 63 203

Table 2: Inter method agreement between the AFP criteria and mRECIST 
criteria.

The k value for agreement between AFP criteria and mRECIST criteria was 
0.47. AFP: Alpha-fetoprotein; mRECIST: Modified Response Evaluation Criteria 
in Solid Tumors; CR: Complete Response; PR: Partial Response; SD: Stable 
Disease; PD: Progressive Disease.

Univariate Analysis Multivariate Analysis

Variable Median OS (mo) 95% CI P Hazard Ratio 95% CI P

Tumor size 0.014 0.657

> 10 cm 8 6.7, 9.3 1

≤10 cm 17 14.0, 20.0 0.932 0.686, 1.269

No. of Tumors < 0.001 0.069

≤ 5 19 16.0, 22.0 1

> 5 8 6.4, 9.6 1.398 0.974, 2.005

AFP level (ng/mL) 0.001 0.992

>400 9 7.6, 10.4 1

≤ 400 22 17.6, 26.4 0.998 0.685, 1.455

BCLC stage <0.001 <0.001

B 22 19.5, 24.5 1

C 8 6.6, 9.4 2.018 1.388, 2.933

AFP response < 0.001 <0.001

Non-responder 6 5.2, 6.8 1

Disease control 17 14.1, 19.9 0.211 0.132, 0.337

mRECIST response < 0.001 0.001

Non-responder 6 5.2, 6.7 1

Disease control 20 17.3, 22.7 0.493 0.323, 0.754

Table 3: Univariate and multivariate analysis of prognostic factors.

AFP: Alpha-fetoprotein; BCLC: Barcelona Clinic Liver Cancer; CI: Confidence Interval; mRECIST: modified Response Evaluation Criteria in Solid Tumors; OS: Overall 
Survival.
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(n=37) patients with AFP PR (n=7) or SD (n=30) were assigned to 
radiologic PD (n=94). Most of those patients were appeared as a new 
lesion or pulmonary metastasis after therapy, while the primary tumor 
obtained a response. Another cause for the moderate agreement was 
33.3% (n=24) patients with AFP CR were assigned to radiologic 
PR (n=72), which most of patients with AFP was less than 200 ng/
mL. Generally, lower AFP level associated with higher response and 
survival rate [36]. When radiologic partial response was detected, 
accordingly the AFP level was decreased to normalization easily. 
Therefore, this is not contradictory with that this therapy is effective 
for those patients. Third, we found the AFP control was higher than 
them in mRECIST (n=143 vs. 109). There are likely explanations 
for this phenomenon: 37 of 94 radiologic PD patients achieved AFP 
PR (n=7) or SD (n=30). Based on mRECIST criteria, if a new lesion 
or metastasis were detected, the overall radiological response was 
classified as PD, ignoring any primary tumor response. We know that 
the post-TACE may promote tumor growth and metastasis due to 
upregulation of circulating vascular endothelial growth factor [37-
39]. Although a new lesion or metastasis lesion might have appeared 
as a result of this therapy, the primary tumor might have shown a 
control response, therefore decreasing tumor burden, and, in parallel, 
decreasing or stabilizing serum AFP and such patients underwent 
subsequent therapy to treat any new lesions. Therefore, this therapy 
might prolong the survival time in those patients. 

In our study, the cut-off values were selected based on previously 
published researches. We collected data from published studies that 
used AFP as a measure of response to therapy. In the present study, 
which examined response to combination therapy of TACE and 
sorafenib, we defined patients with a >50% decrease in baseline AFP 
as AFP responders. Using this cut-off as an exploratory value, the 
number of patients who were AFP responders was almost equivalent 
to the number of mRECIST responders (n=88 vs. 87). By contrast, if 
we had used a >20% decrease to define AFP response, there would 
have been more AFP responders than mRECIST responders would 
(n=105 vs.87). Because there have no published cut-off value for 
AFP progression, we explored using a 30% increase as an indicator 
of progression, which led us to identify a subgroup with a relatively 
better survival in terms of radiologic progression. Additionally, in 
the present study, we chose to use the mRECIST as reference criteria 
because they measure unidimensional enhanced lesions and are easy 
to use. Furthermore, previous studies reported that mRECIST had 
good accuracy for predicting survival in patients treated with TACE 
[19,34].

The present study has several limitations. First, it is a retrospective 
analysis and the data came from a single center. The reason we 
analyzed data from the single center is that the success of TACE 
strongly depends on the applicator’s experience. This center had the 
largest population of liver cancer and had considerable experience 
with the particular TACE procedure in the South China. However, 
HCC with positive AFP was occurred in a portion of patients, the 
appraisal of AFP criteria is accurate, and it can potentially apply to the 
majority of HCC patients. 

In conclusion, this study suggests that the proposed AFP criteria 
provided accurate predictions in patients with unrespectable HCC 
and positive AFP after TACE combined with sorafenib. With the 
era of targets agents, which mainly demonstrate a stable disease, 

therefore, the AFP criteria defined by our team might identify a 
subgroup of patients with real and objective biological response. The 
AFP criteria warrant further prospective validation in large trails.
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