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Abstract. Sorafenib may prolong survival in patients with 
advanced hepatocellular carcinoma (HCC), but with limited 
efficacy. The present study aimed to assess the safety and 
efficacy of sorafenib combined with cryotherapy (cryoRx) for 
the treatment of advanced HCC. A total of 104 patients met the 
following criteria: advanced HCC without distant metastasis, 
presence of portal vein thrombosis, Child-Pugh class A or B and 
life expectancy of at least 12 weeks. All patients were randomly 
assigned to sorafenib and cryoRx (n=52) or sorafenib-alone 
(n=52) treatment groups. The primary end-point of the study 
was overall survival (OS). The secondary end-points included 
time to progression (TTP) and tolerability. Microvessel density 
(MVD) was assessed following immunostaining for CD34. In 
a median of 10.5 (4-26) months follow-up, the median OS was 
12.5 months (95% CI 10.6-16.4) in the combination therapy vs. 
8.6 months (7.3-10.4) in the sorafenib-alone (P=0.01) group. 
The median TTP was 9.5 months (8.4‑13.5) in the combination 
therapy vs. 5.3 months (3.8-6.9) in the sorafenib alone (P=0.02) 
group. CryoRx was an independent factor associated with 
improved clinical outcomes of sorafenib for the treatment of 
advanced HCC. Patients with low intratumoral MVD receiving 
the combination therapy exhibited a significantly longer median 
TTP and OS compared to those receiving sorafenib. High intra-
tumoral MVD was an independent predictor of poor responses 
to sorafenib for advanced HCC. Compared with previous 
reports of sorafenib-related adverse drug reactions (ADRs), 
cryoRx did not further increase the frequency and degree of 
sorafenib-related ADRs. In conclusion, compared to sorafenib 
alone, the addition of cryoRx to sorafenib significantly improves 
the clinical outcomes of sorafenib for the treatment of advanced 

HCC with acceptable tolerance and similar safety profiles as 
previously reported. High intratumoral MVD is predictive of 
poor responses to sorafenib in advanced HCC patients. 

Introduction 

Hepatocellular carcinoma (HCC) is the third most common 
cause of cancer-related mortality worldwide (1) and the second 
most common cause of cancer-related mortality in China (2). 
The majority of patients with advanced HCC at the time of 
initial diagnosis exhibit poor outcomes (3). In China, HCC is 
most commonly caused by infection with the hepatitis B virus 
(HBV)  (4). The incidence of HCC has increased in recent 
years, largely owing to chronic HBV infection-related liver 
cirrhosis (5). Therapeutic options are stage-dependent (6,7). 
Only approximately 30% of patients who present with early 
stage tumors undergo resection, liver transplantation and 
percutaneous ablation, due to various factors, such as multi-
focal tumor and poor liver function resulting from underlying 
cirrhosis  (8-10). Until recently, no effective treatment was 
available for these conditions (11). Sorafenib is a newly devel-
oped, molecular targeted agent. This multikinase inhibitor has 
demonstrated significant survival benefits in phase III trials 
for patients with advanced HCC (12,13). However, its efficacy 
remains moderate and certain patients continue to display a 
short period of survival following treatment (14). The mecha-
nisms causing certain patients to become refractory to sorafenib 
are, at present, unclear. High intratumoral microvessel density 
(MVD) has been associated with a higher level of activity along 
the vascular endothelial growth factor (VEGF)/VEGF receptor 
(VEGFR) signaling pathway. As such, the presence of high 
intratumoral MVD in advanced HCC patients may be associ-
ated with a positive response to sorafenib treatment. However, 
it remains unknown as to whether the presence of high intra-
tumoral MVD is capable of effecting responses to sorafenib 
treatment in advanced HCC patients. Previous findings have 
provided a strong rationale for combining the two treatment 
modalities. In mice with implanted renal tumors, the combina-
tion of radiofrequency ablation (RFA) and sorafenib has been 
found to cause an increase in the efficacy of tumor ablation that 
is dependent on the dose of sorafenib (15). Although the value 
of cryotherapy (cryoRx) in HCC is not yet as well established as 
that of RFA, cryoRx has been found to be more advantageous 
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for improving immunity following treatment compared to RFA. 
Osada et al found that not only the local tumor, but also the adja-
cent tumor tissue was necrotic and shrunken in HCC patients 
following cryoablation, which was regarded as ectopic tumor 
suppression (16). This response may be associated with the 
release of tumor antigens, resulting in the host production of 
anti-tumor antibodies (17). The majority of the bias against 
cryoRx for HCC is based on the theoretical risk associated with 
a cryoablation modality that does not employ cauterization-like, 
heat-based ablation therapy and as a result of the large probes, 
which may cause serious bleeding when removed (18). The 
experimental evaluation has identified no significant difference 
among the hemorrhages encountered following an ablation with 
a single RF probe versus a single cryoprobe (19). Therefore, this 
technology has been used extensively in open surgical settings 
and, more recently, applied percutaneously to treat renal tumors 
and liver metastases (20,21). Nevertheless, the efficacy of the 
use of cryoRx for the improvement of clinical outcomes of 
sorafenib for the treatment of advanced HCC is, at present, 
unknown. The aim of this study was to confirm the efficacy and 
safety of sorafenib combined with cryoRx for the treatment of 
advanced HCC, as well as the croyablation tumor burden impact 
for sorafenib therapy responses. 

Patients and methods

Patients. Based on the Barcelona Clinic Liver Cancer 
(BCLC) staging classification  (7), 296 consecutive patients 
with HBV-related advanced HCC were screened between 
July 2008 and July 2010, at the Center of Therapeutic Research 
for Hepatocellular Carcinoma (Beijing, China). A total of 
57 patients were classified as Child-Pugh C, 38 patients were 
classified as Child‑Pugh B8 or B9, with serum bilirubin levels of 
>51.3 µmol/l. The life expectancy of 23 patients was <12 weeks, 
10 patients had an Eastern Cooperative Oncology Group 
Performance Status (ECOG PS) of ≥3 and 64 patients had a 
history of hepatectomy (8), preoperative chemotherapy  (6), 
prior transarterial chemoembolization (TACE) or local abla-
tion (44), and radiotherapy (6). Consequently, 192 patients were 
excluded from this study. A total of 104 patients with advanced 
HCC were eligible for evaluation (Table I). The diagnosis of 
HCC (6) was indicated by imaging findings and confirmed by 
biopsy (single action biopsy device, 16 g; Promex Technologies, 
Franklin, IN, USA). The histological grade of the tumor differ-
entiation was determined by the Edmondson classification into 
well, moderately and poorly differentiated (22). Portal vein 
thrombosis (PVT), as a sign of macroscopic vascular invasion 
and extrahepatic spread, was used to define advanced HCC; 
however, patients exhibiting extrahepatic spread were excluded 
from the study. Eligibility criteria also included ECOG PS of 
0, 1 or 2; Child-Pugh class A or B; life expectancy of at least 
12 weeks; total bilirubin concentration of ≤51.3 µmol/l and HBV 
DNA positivity. In addition, patients considered for inclusion 
were required to exhibit at least one tumor lesion that could be 
measured along one dimension according to modified RECIST 
(mRECIST) assessment for HCC (23). 

Study design. According to the SHARP trial (13), the overall 
survival (OS) rate of the advanced HCC patients for sorafenib 
at the 15-month time-point was 37%. The sample size calcula-

tion is based on the detection of significant differences in OS 
(the second end-point parameter of this trial), assuming that 
the OS rate is 50% for the combination therapy group at the 
15-month interval. A total of 90 patients were required for a 
log-rank test with an overall two-sided significance level of 
0.05 and power of 0.805. From our experience, it was expected 
that 15-20% of the patients would drop-out following random-
ization. In order to accommodate for the drop‑out rate, the total 
sample size was thereby increased to 104. Study randomization 
was centralized, investigator-initiated and was approved by 
the Ethics Committee of the Beijing 302nd Hospital (China). 
Written informed consent was obtained from the patients prior 
to enrollment. All eligible patients were randomly assigned 
(with a 1:1 ratio) to the sorafenib and cryoRx group (n=52) 
or the sorafenib‑alone group (n=52) using simple computer 
randomization to achieve a balance between the two groups. All 
eligible patients received continuous oral treatment with 0.1 g 
of lamivudine once daily. None of the patients had received 
prior treatment, such as chemotherapy or radiation therapy.

Treatment and disease assessment
Sorafenib administration. All patients received sorafenib at 
a dose of 400 mg twice daily for at least 8 weeks. Treatment 
interruptions and dose reductions (first 400 mg twice daily, then 
200 mg twice daily) were permitted for adverse drug reactions 
(ADRs) according to the National Cancer Institute  Common 
Toxicity Criteria (24). For ADRs of grade 3-4, the sorafenib dose 
was decreased to 200 mg twice daily until the ADRs improved 
to a grade of ≤2, then increased to 400 mg twice daily if well 
tolerated. Therapy was discontinued if the following criteria 
were met: ADRs that required termination of medication, 
deterioration of ECOG PS score to 4 and withdrawal of consent. 
If disease progression was observed, sorafenib was continued 
when the patient was considered to have a good clinical status 
(e.g., PS, liver function and tolerable side-effects) and wished to 
continue the treatment. Following sorafenib treatment, cryoRx 
was conducted in those without absolute contraindications, 
based on the potential clinical benefits expected from the 
treatment and the patient's consent. Sorafenib therapy was 
continued without interruption during local therapies.

CryoRx procedure. Cryoablation was performed as 
described previously  (25). Briefly, the size and number of 
the probes depended on the location and average size of the 
lesions to be ablated. An argon-helium gas-based CRYOcare 
system (EndoCare, Inc., Irvine, CA, USA) and cryoprobes (2 
and 3 mm) were used to freeze the tumor with a dual freeze-
thaw cycle under ultrasound-guidance. For optimum reduction 
of tumor burden, cryoablation was carried out in single or 
repeated doses. For tumors <5 cm in diameter, the aim was 
for complete ablation, for larger tumors, the aim was to reduce 
the tumor burden by at least 60% of the original tumor burden. 
Cryoablation was limited to three procedures at most.

Immunohistochemical staining for CD34. All samples from 
HCC patients were reviewed histologically using hematoxylin 
and eosin staining, the paraffin-embedded samples were cut 
into 5-µm sections and processed for immunohistochemistry 
according to the manufacturer's instructions, as previously 
described  (26). Tumor sections were immunostained with 
human CD34 monoclonal antibody (BioGenex, San Ramon, 
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CA, USA). Tissue sections were incubated with primary CD34 
monoclonal antibodies. Subsequently, secondary biotinylated 
antimouse immunoglobulin (Dako North America, Inc., USA) 
was applied and reacted with streptavidin biotinylated horse-
radish peroxidase complex (Dako). The negative control was 
obtained by substituting the primary antibodies with mouse 
immunoglobulin G.

Determination of MVD. The intratumoral MVD was evaluated 
by two independent observers who were blinded to the patients' 
clinical data. The tissue sections were screened at a low power 
field (x40) and the five areas with the most intense neovas-
cularization (hot spots) were selected. Microvessel counts of 
these areas were performed with a high power field (x200). To 
reduce observer-related variation, counting of microvessels was 
performed using the computer image analyzer (MetaMorph 
Imaging System Version 3.0; Universal Imaging Corp, West 

Chester, PA, USA). Microvessels, tumor cells and connective 
elements were counted as one microvessel, irrespective of the 
presence of a vessel lumen. The mean microvessel count of 
the five most vascular areas was taken to constitute the MVD, 
which was expressed as the absolute number of microvessels 
per 0.74 mm2 (x200 field).

Disease assessment. Based on the computed tomography/
magnetic resonance tomography (MRT) scans of the liver 
performed at baseline and every 8 weeks, tumor response 
(sorafenib combined with cryoRx or sorafenib alone) was 
evaluated according to mRECIST (22) assessment for HCC 
by independent radiologists. Patients who succumbed to the 
disease prior to their first radiographic control were judged 
as having progressive disease (PD). Patients who exhibited 
complete response (CR) or partial response (PR) were defined 
as achieving a clinical efficacy response (CER).

Table I. Demographic and baseline characteristics of patients.

Variable	 Combination therapy	 Sorafenib (n=52)
	 (n=52)	

Age (years)	 51.2±11.9	 52.6±8.3
Gender (%)
  Male	 48 (92.3)	 47 (90.4)
  Female	   4 (7.7 )	   5 (9.6)
ECOG performance status (%)
  0 	 16 (30.8)	 17 (32.7)
  1 	 29 (55.7)	 30 (58)
  2	   7 (13.5)	   5 (9)
BCLC stage C (%)	 52 (100)	 52 (100)
Tumor diameter - cm (range)	 8.39±4.38 (3.5-12.8)	 8.32±2.72 (3.2-13.2)
Number of tumor sites (%)
  1	   7 (13.5)	   6 (11.5)
  2	   9 (17.3)	 10 (19.2)
  3	 10 (19.2)	 11 (21.2)
  ≥4	 26 (50)	 25 (48.1)
Macroscopic vascular invasion (%)
  Branch	 36 (69.3)	 37 (71.2)
  Trunk	 16 (30.7)	 15 (28.8)
Differentiated tumor (%)
  Well	   9 (17.3)	 10 (19.2)
  Moderately	 30 (57.7)	 30 (57.7)
  Poorly	 13 (25)	 12 (23.1)
HBV DNA positive (%)		
  100-9,999	 22 (42.3)	 24 (46.2)
  10,000-99,999	 19 (36.5)	 18 (34.6)
  ≥100,000	 11 (21.2)	 10 (19.2)
Child-Pugh class (%)		
  A 	 41 (78.8)	 43 (83)
  B	 11 (21.2)	   9 (17)

HBV, hepatitis B virus; ECOG, Eastern Cooperative Oncology Group; BCLC, Barcelona Clinic Liver Cancer.

https://www.spandidos-publications.com/10.3892/etm.2011.398


YANG et al:  SORAFENIB FOR THE TREATMENT OF ADVANCED HEPATOCELLULAR CARCINOMA174

End-points. The primary end-point of the study was OS. The 
secondary end-points included time to progression (TTP), 
the disease-control rate (DCR) and tolerability. The OS was 
defined as the time from sorafenib initiation to the date of expi-
ration or the patient's last follow-up. TTP was defined as the 
time from sorafenib initiation to the date of disease progression 
or expiration. The disease progression was defined as the tumor 
progression according to mRECIST criteria or progression of 
cirrhosis.

Statistical analysis. Continuous data were expressed as the 
median and range. All continuous data were classified into 
subgroups according to the median for analysis. Associations 
between OS, TTP and potential prognostic factors were 
assessed by the Kaplan-Meier method (log-rank test) in a 
univariable analysis. The Cox proportional hazards model 

was used for multivariate analyses with a step-wise procedure 
and a significance level of 0.10 was used to enter and remove 
variables. All statistical analyses were performed using SPSS 
software version 16.0 for Windows (SPSS Inc., Chicago, IL, 
USA). P-values <0.05 were considered to indicate statistically 
significant differences.

Results

Patient characteristics. The combination therapy and 
sorafenib-alone treatment groups were well balanced with 
regard to baseline demographic and disease characteristics 
(Table I). A total of 84 (80.8%) patients were classified as 
Child-Pugh class A and 20 (19.2%) patients were classified as 
Child-Pugh class B. A total of 33 (31.7%) patients were ECOG 
PS 0, 59 patients (56.7%) were ECOG PS 1, and 12 patients 

Figure 1. Overall response and efficacy of the combined sorafenib and cryotherapy in advanced HCC. (A) Overall response was a complete response in a live 
55-year-old male over a 24-month period at end-point. (A-a) MRI scan reveals a huge mass (M) at the dome of the left hepatic lobe (upper section). (A-b) Long 
black arrow indicates portal vein thrombosis, histopathological diagnosis was HCC, Edmondson classification to moderately differentiated. (A-c) The large 
mass at the dome of the left hepatic lobe is shown on T2-weighted image of MRI. (A-d) Portal vein thrombosis is shown on coronal image of MRI. Following 
continuation of sorafenib treatment, concurrent receipt of 2-times percutaneous cryoablation reduced the tumor burden up to 60% of the original tumor burden 
2 weeks, 10 months later. Not only did the treated tumor shrink, but the non-treated tumor also decreased (lower). (A-e) Long white arrow reveals that the 
treated tumor was necrotic. (A-f) Short black arrow indicates that the portal vein tumor thrombus was almost invisible. (A-g) T2-weighted image of MRI 
shows the treated tumor. (A-h) Coronal image of MRI indicates that the portal vein tumor thrombus was almost invisible. (B) Kaplan-Meier survival curves 
for 52 patients with the combination therapy and 52 patients with sorafenib-alone treatment; the median OS was significantly different between groups. (C) 
Kaplan-Meier survival curves displaying significant differences in TTP in patients between the combination therapy and sorafenib-alone treatment groups. 
(D) Kaplan-Meier analysis for the effect of continuing sorafenib therapy in patients with radiologic progressive disease on OS. TTP, time to progression; 
OS, overall survival; HCC, hepatocellular carcinoma; MRI, magnetic resonance imaging; PD, progressive disease; Cum, cumulative.

  A

  B   C   D
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(11.6%) were ECOG PS 2. The tumor differentiation was high 
in 19 (18.3%), intermediate in 60 (57.7%) and low in 25 patients 
(24.0%). The HBV DNA loads were low in 46 (44.2%), inter-
mediate in 37 (35.6%) and high in 21 patients (20.2%). 

Adverse events. With regard to non-hematological toxicity, 
rash was observed most commonly (62%), followed by hyper-
tension (56%), weight loss (52.9%), alopecia (50%), diarrhea 
(46%), fatigue (43.3%), hand-foot skin reaction (HFSR) (42%), 
liver dysfunction (34.6%), voice change (18%), abdominal 
pain (12.5%) and upper gastrointestinal tract bleeding (16%). 
Furthermore, the grade 3 or 4 non-hematological toxicities 
were HFSR, diarrhea, liver dysfunction and upper gastroin-
testinal tract bleeding, which occurred in 12.2, 12, 6.4 and 6% 
of patients, respectively. With regard to hematological toxicity, 
leukopenia (24%) was the most common sign of toxicity, 
followed by thrombocytopenia (12%) and anemia (8%).

Overall response and efficacy. The median time of follow‑up was 
10.5 months (range 4.0-26.0) and the median duration of sorafenib 
treatment was 7.5 months (2.5‑26.0). A total of 10 (9.6%) patients 
discontinued sorafenib treatment at 6-24 weeks due to liver func-
tion deterioration (6 cases) and bleeding from gastroesophageal 
varices (4 cases), 21 (20.2%) patients reduced sorafenib dosage 
to 200 mg twice daily due to grade 3-4 ADRs. However, all 
these patients restored the dose to 400 mg twice daily after 2 
to 3 weeks. Overall, patients receiving the combination therapy 
had a median OS of 12.5 months (95% CI 10.6-16.4), compared 
to 8.6 months (95% CI 7.3-10.4) for those receiving sorafenib 
(log-rank, P=0.009; Fig. 1B). In addition, patients receiving 
combination therapy had a significantly longer median TTP 
[9.5 months (95% CI 8.4‑13.5)] than patients receiving sorafeinb 
[5.3 months (95% CI 3.8‑6.9), log-rank P=0.024; Fig. 1C). In the 
analysis for best response, 4 out of 52 patients receiving combi-
nation therapy (7.6%, Fig. 1A) exhibited a CR, 9 patients (17.3%) 

exhibited a PR, 22 patients (42.3%) exhibited stable disease (SD), 
whereas out of the patients receiving sorafenib treatment alone, 
4 (7.6%) and 19 (36.5%) patients exhibited PR and SD, respec-
tively. The rates of CER and DCR were significantly higher 
in the combination therapy group (CER, 22% and DCR, 66%) 
than in the sorafenib group [CER, 7.6% (P=0.04) and DCR, 
44.2% (P=0.03); Table II]. A total of 67 advanced HCC patients 
receiving lamivudine treatment with HBV DNA-negative status 
had a median OS of 11.5 months (95% CI 6.3-14.8), compared 
to 8.0 months (95% CI 5.8-11.5) for the 37 patients receiving 
lamivudine treatment with HBV DNA-positive status (log-rank, 
P=0.035). There were no significant differences between the 
median TTP for the two groups (log‑rank, P=0.544). Disease 
progression occurred in 86 (82.6%) patients, the OS was signifi-
cantly longer in 50 patients with a clinically stable presentation 
who continued sorafenib treatment than in those with clinical 
deterioration who discontinued therapy (11 vs. 7.5 months, 
P<0.001; Fig. 1D). Furthermore, 53 (50.9%) patients succumbed 
to the disease due to recurrence/metastasis in 25 (24%), liver 
failure in 13 (12.5%), bleeding from gastroesophageal varices in 
8 (7.7%), refractory ascites-induced renal failure in 4 (3.8%) and 
tumor rupture/hemorrhage in 3 patients (2.9%).

Response and efficacy according to intratumoral MVD. Specific 
staining of capillary-like vessels by anti‑CD34 was observed in 
intratumoral specimens in all outcome groups (CR+PR, mean 
MVD-CD34, 111±49/0.74 mm2; SD, 206±74/0.74 mm2; PD, 
339±92/0.74 mm2; Fig. 2A and B). The mean MVD-CD34 in the 
responsive (CR+PR) patients was significantly lower than that of 
PD patients (P<0.001). At the time of analysis, all patients were 
divided into two groups by the median MVD value (median, 
219.5/0.74 mm2; range, from 34 to 512/0.74 mm2). When the 
entire cohort of 104 patients was analyzed, 53 patients with low 
intratumoral MVD (≤219.5/0.74 mm2), receiving combination 
therapy, had longer TTP and OS than that of patients receiving 

Table II. Summary of efficacy measures.

Outcome	 Combination therapy (n=52)	 Sorafenib (n=52)	 P-value

Overall survival (months)	 0.009
  Median	 12.5	 8.6	
  (95% CI)	 10.6-16.4	 7.3-10.4	
Time to progression	 0.024
  Median	 9.5	 5.3	
  (95% CI)	  8.4-13.5	 3.8-6.9	
Level of  response (%)
  Complete response	   3 (5.7)	 0	 NA
  Partial response	   9 (17.3)	   4 (7.6)	 0.1186
  Stable disease	 22 (42.3)	 19 (36.5)	 0.4423
CER (%)	 12 (23.0)	   4 (7.6)	 0.0314
DCR (%)	 34 (65.4)	 23 (44.2)	 0.0212

CER, clinical efficacy rate (defined as the proportion of patients who had a best response rating of complete response, partial response, which 
was maintained ≥4 weeks from the first manifestation of that rating). DCR, disease control rate (defined as the proportion of patients who had 
a best response rating of complete response, partial response or stable disease, which was maintained ≥4 weeks from the first manifestation of 
that rating). CI, confidence interval.
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Figure 2. Comparison of intratumoral MVD-CD34 in advanced HCC patients displaying various overall responses. (A) Intratumoral MVD by anti-CD34 
immunostaining (pink staining) (left, low MVD-CD34; right, high MVD-CD34; x200). (B) The mean intratumoral MVD-CD34 significantly increased with 
poor overall response. (C) Analysis of a cohort of 104 patients. Kaplan-Meier survival curves for 51 patients with low MVD-CD34 (≤219.5/0.74 mm2); (C‑a) 
compared to the TTP, revealed significant differences in patients between the combination therapy and sorafenib-alone treatment groups; (C-b) the median OS 
was significantly different between groups. Kaplan-Meier survival curves for 53 patients with high MVD-CD34 (>219.5/0.74 mm2); (C-c) the TTP and (C‑d) 
the OS displayed no significant differences between the two groups. OS, overall survival; PD, progressive disease; SD, stable disease; CR, complete response; 
PR, partial response; MVD, microvessel density; TTP, time to progression; Cum, cumulative.

  A

  B

  C
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Table III. Univariate analysis of patient demographics and clinical characteristics for predictive factors of TTP and OS.

		  TTP (months)	 OS (months)
	 No. of patients	 ---------------------------------------------------	 -----------------------------------------------------
Parameter	 who expired	 Median	 P-value 	 Median	 P-value

Gender			   0.514		  0.781
  Male	 48	 6.0		  10.5
  Female	 5	 4.5		  9.0	
Age (years)			   0.668		  0.228
  ≤51	 28	 5.0		  9.0
  >51	 25	 6.0		  10.5	
ECOG PS			   <0.001		  <0.001
  0	 7	 8.5		  17.0
  1	 35	 6.0		  11.0
  2	 11	 3.0		  6.5
Tumor differentiation			   0.155		  0.401
  Well	 10	 4.5		  9.0
  Moderate	 29	 4.0		  8.0
  Poor	 14	 3.0		  7.0	
Tumor diameter (cm)			   0.025		  0.007
  ≤7	 19	 6.0		  12.0
  >7	 34	 5.0		  8.1
Tumor number			   0.165		  0.995
  1	 15	 6.0		  12.7
  2	 11	 6.0		  11.0
  3	 11	 5.0		  10.0
  4	 21	 4.0		  10.0
Invasion of portal vein			   0.019		  0.040
  Branch	 30	 6.0		  11.0
  Trunk	 23	 4.0		  9.0	
HBV DNA (IU/ml)			   <0.001		  <0.001
  0-9,999	 26	 6.0		  12.7
  10,000-99,999	 10	 4.0		  10.0
  ≥100,000	 22	 3.0		  8.0	
Therapy			   <0.001		  <0.001
  Combined treatment	 21	 9.5		  12.5
  Sorafenib alone	 32	 5.3		  8.6	
Child-Pugh class			   <0.001		  <0.001
  A	 39	 6.0		  11.5
  B	 14	 3.5		  7.0	
Weight loss			   0.001		  <0.001
  Grade 0	 13	 6.5		  11.2
  Grade 1-4	 40	 4.0		  7.0	
Fatigue			   <0.001		  <0.001
  Grade 0	 21	 7.0		  13.0
  Grade 1-4	 32	 4.0		  8.1	
AFP levels (ng/ml)			   0.005		  0.001
  ≤895	 20	 6.0		  12.7
  >895	 33	 4.0		  9.0	
Intratumoral MVD			   <0.001		  <0.001
  High	 34	 3.0		  7.0
  Low	 19	 8.8		  13.5

PFS, progress-free survival; OS, overall survival; ECOG, Eastern Cooperative Oncology Group; PS, performance status; HBV, hepatitis B 
virus; AFP, α-fetoprotein; TTP, time to progression; MVD, microvessel density.
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sorafenib‑alone treatment [log-rank, P=0.018 (TTP); P=0.023 
(OS); Fig. 2C-a and b]. TTP and OS were not significantly 
different between groups [log-rank, P=0.312 (TTP); P=0.062 
(OS); Fig. 2C‑c and d] in 51 patients exhibiting a high intratu-
moral MVD (>219.5/0.74 mm2).

Univariate and multivariate analysis of predictive factors for 
TTP and OS. The combination therapy or the sorafenib-alone 
treatment groups exhibited a clinical benefit in all preplanned 
subgroup analyses, despite certain patients having character-
istics associated with poor prognosis, including poorer ECOG 
PS ≥1, tumor diameter >7 cm, PVT within the trunk, high 
HBV DNA load, Child-Pugh class B, fatigue, weight loss, 
α‑fetoprotein (AFP) levels of >895 ng/ml and high intratu-
moral MVD (Table III). 

Cox proportional hazards model analyses (Table IV) revealed 
that cryoRx was independently associated with improved TTP 
and OS of sorafenib treatment for advanced HCC. High intra-
tumoral MVD was independently associated with poor clinical 
outcome of sorafenib for treatment of advanced HCC. Whereas 
poor ECOG PS (OR 5.213, 95% CI 3.052‑9.309; P<0.001) 
and high Child-Pugh class (OR 2.628, 95% CI 1.416-4.878; 
P=0.002) were independently associated with worse TTP. 
Moreover, good ECOG PS (OR 8.698, 95% CI 4.315-18.396; 
P<0.001) and low AFP levels (OR 2.260, 95% CI 1.174-4.352; 
P=0.015) were independently associated with better OS.

Discussion

To the best of our knowledge, this report is the first to describe 
cryoRx as being associated with improved clinical outcomes 
of sorafenib treatment for advanced HCC. Sorafenib demon-
strated a significant survival benefit and high tolerance in 
patients with advanced HCC in a phase III clinical trial (13), 
and was simultaneously found to impede tumor burden limit 
in advanced HCC (27). It is crucial to reduce tumor burden in 

order to increase the clinical responses of drugs (28). CryoRx 
has been proposed as a valid alternative to surgery for the 
treatment of HCC in patients with cirrhosis (29). Recent studies 
have examined the outcomes of percutaneous cryoRx for HCC 
using CT monitoring and MR guidance, reporting that it is safe 
and efficacious (30). Moreover, it was found that not only was 
the local tumor necrotic, but also that the adjacent tumor tissue 
was necrotic and shrunken in HCC patients following cryoRx, 
which was regarded as reflecting ectopic tumor suppres-
sion (16). We report that following cryoablation for small HCC 
the 1-, 2- and 3-year recurrence-free survival rates were 72, 56 
and 43%, respectively (25). As such, local recurrence following 
cryoRx represents one of the major problems of this therapy, 
and limits its associated survival benefits. We hope that the 
combinaion of sorafenib and cryoRx may be used to overcome 
tumor burdens and local recurrence for advanced HCC patients, 
and provide significant survival benefits. 

In the present study, the median OS time of the combina-
tion therapy was 12.5 months, significantly longer than that 
of patients receiving the sorafenib-alone therapy (8.6 months). 
In addition, the combination therapy significantly prolonged 
TTP and CER or DCR compared with the sorafenib-alone 
therapy. The significant improvements in OS and TTP in the 
combination therapy group provide encouraging evidence 
that combination therapy may overcome the tumor burden 
and local tumor recurrence. The OS we found is longer than 
that reported in all previous studies of sorafenib treatment 
for advanced HCC patients (12,13,31-33). All patients in our 
study suffered from advanced HCC (100% BCLC stage C and 
HBV DNA-positive) with macroscopic vascular invasion. In 
50% of our patients, the largest tumor diameter was >7 cm; 
these characteristics suggest that the patients enrolled in our 
study may have had greater tumor burden than those studied 
in previously reported trials (12,13). In the Asian-Pacific study, 
the median OS and TTP were 6.5 and 2.8 months, respectively, 
and the population displayed poorer performance (74% ECOG 
PS ≥1) and a more advanced stage of cancer (96% BCLC 
stage C) (12). In the current study, 35 out of 52 patients (67%) 
in the sorafenib-alone treatment group exhibited ECOG PS ≥1, 
all received continuous oral treatment with 0.1 g of lamivu-
dine once daily, advanced HCC patients with antiviral therapy 
had the opportunity for sorafenib maintenance therapy by 
improving liver function. Thus, the sorafenib-alone treatment 
group had a much better OS and TTP than those reported in the 
Asian-Pacific trial of sorafenib (12). In the SHARP study (13), 
the median OS and TTP were 10.7 and 4.1 months, respec-
tively, and the population exhibited a more advanced stage of 
cancer (82% BCLC stage C; 38% macroscopic vascular inva-
sion and 51% extrahepatic spread). The 12.5-month OS and 
8.5-month TTP observed in patients with PVT in the combina-
tion therapy treatment groups are particularly impressive, in 
accordance with the rationale for the combination treatments 
by previous findings. Although we found that sorafenib was 
capable of prolonging survival in advanced HCC patients, 
monotherapy of sorafenib has not yet been found to produce 
tumor regression in HCC. High tumor burden may render 
patients refractory to sorafenib (27).

In accordance with the evidence from previous studies, 
our results suggest that combination therapy has numerous 
advantages. First, cryoRx may reduce the tumor burden, 

Table IV. Multivariable analysis of predictive factors for TTP 
and OS by Cox proportional hazards model.

Variable	 Risk ratio	 P-value
	 (95% CI)	

TTP
  ECOG PS	 5.213 (3.052-9.309)	 <0.001
  Combined treatment	 0.576 (0.399-0.831)	 0.003
  Child-Pugh class	 2.628 (1.416-4.878)	 0.002
  Low MVD	 1.626 (0.604-3.516)	 0.006
OS
  ECOG PS	 8.689 (4.315-18.396)	 <0.001
  Combined treatment	 0.245 (0.071-0.846)	 0.026
  AFP	 2.260 (1.174-4.352)	 0.015
  Low MVD	 4.618 (3.213-11.236)	 <0.001

ECOG, Eastern Cooperative Oncology Group; PS, performance 
status; HBV, hepatitis B virus; AFP, α-fetoprotein; MVD, microvessel 
density; TTP, time to progression; OS, overall survival; CI, confidence 
interval.
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thus increasing the efficacy of sorafenib. Second, sorafenib
mediated blockage of the Raf/mitogen-activated protein 
kinase and VEGFR pathways might enhance the efficacy of 
local cryoRx. These possibilities are supported by the current 
data. The clinical benefits of the combination therapy may be 
largely due to the reduction of tumor burden by cryoRx, in 
accordance with previous findings (15). More importantly, 
the addition of cryoRx to sorafenib treatment could further 
improve OS in these HCC patients. The profile, frequency 
and degree of sorafenib-related ADRs were comparable to 
those from previous reports, and cryoRx did not increase 
the frequency and degree of sorafenib-related ADRs. These 
encouraging results indicate that sorafenib combined with 
cryoRx may provide the best therapeutic benefit in patients 
suffering from advanced HCC. 

A crucial difference between the present study and previous 
studies was the continuous administration of sorafenib, which 
may have also contributed to the survival benefit we observed. 
In the SHARP trial a survival time of 5.2 months was reported 
following disease progression (12). In a Japanese phase I study 
of sorafenib, despite the median TTP being only 4.9 months, the 
median OS was relatively long, at 15.6 months (34). The results 
of Yau et al indicate that even in patients who did not demon-
strate any clinical benefits with sorafenib, OS was substantially 
improved compared with their historical cohort (27). Wörns 
et al reported that radiological disease stabilization (PR+SD) 
was achieved in 50% of patients following a median of 
3.2 months, or at least a clinically stable presentation in a 
subset of patients with radiological PD leading to continuation 
of therapy (35). These findings suggest that even patients who 
exhibited radiological tumor progression with sorafenib treat-
ment might obtain a survival benefit from the drug. Therefore, 
the application of radiological progression criteria would be 
likely to lead to a discontinuation of sorafenib therapy after 
3‑4 months in these cases, potentially denying these patients 
the opportunity to continue to receive clinical benefit and 
improved OS. We propose that the decision to continue therapy 
with sorafenib following radiological progression is justified in 
patients with sustained clinically stable presentation.

Sub-analyses were conducted on the basis of various 
factors associated with the prognosis of patients with HCC, 
including age, largest tumor diameter, tumor difference, ECOG 
PS, Child-Pugh class and HBV DNA load. Our data showed 
that the combination therapy or the sorafenib-alone treatment 
groups exhibited a clinical benefit in all preplanned subgroup 
analyses. However, patients with an ECOG PS of 2, tumor 
diameter >7 cm, PVT within the trunk, high HBV DNA load, 
Child‑Pugh class B, AFP levels >895 ng/ml and high intra-
tumoral MVD were associated with poor prognosis. We also 
analyzed the correlation of treatment-related toxicities with 
prognosis. Similar to the results of Vincenzi et al, the fatigue, 
weight loss and liver toxicity correlated with poor DCR, TTP 
and OS to a certain extent (36). In a study by Yau et al, fatigue 
was observed in 50% of patients (27). In the present study, 44% 
of patients exhibited fatigue. As such, we believe that severe 
fatigue may be predictive of poor prognosis to a certain extent. 
Liver toxicity is a key issue during sorafenib and local treatment. 
Compared to previous reports, adding cryoRx did not further 
increase frequency and degree of sorafenib-related ADRs. This 
finding suggests that liver toxicity can be induced by sorafenib. 

Sorafenib may induce liver failure not only in Child‑Pugh B 
patients but also in Child-Pugh A patients (37). However, in the 
present study, the majority of sorafenib-induced liver failure 
occurred in Child-Pugh B patients. 

In previous research regarding intratumoral MVD as a prog-
nostic measure of tumor angiogenesis (26,38), a prospective study 
found a significant positive correlation between MVD and post-
operative recurrence in patients undergoing resection of HCCs 
≤5 cm (39). Therefore, we analyzed the correlation between 
intratumoral MVD and the response to sorafenib therapy. Our 
results showed that the mean MVD of patients with CER was 
significantly lower than that of patients with PD (P<0.001). The 
results suggest that intratumoral MVD may affect the clinical 
response to therapy in advanced HCC patients. Among patients 
with low intratumoral MVD, we found that those receiving the 
combination therapy exhibited a significantly longer median 
TTP and OS than those receiving the sorafenib‑alone therapy; 
however, in patients with high intratumoral MVD, TTP and OS 
were not significantly different between treatments. The current 
data indicate that the anti-angiogenic effects of sorafenib for 
advanced HCC patients with a high intratumoral MVD are mild. 

Multivariable analysis revealed that cryoRx was indepen-
dently associated with improved TTP and OS of sorafenib 
treatment for advanced HCC, and that poor ECOG PS or high 
intratumoral MVD predicted poor TTP and OS, which is consis-
tent with the results of previous studies (33). In the current study, 
none of the patients had an ECOG PS >2 or a Child-Pugh class 
worse than B. Ideally, the tumor control rate increases with the 
sorafenib dose and the completion of local treatment. Patients 
with a better PS had the opportunity for sorafenib maintenance 
therapy and successful local treatment due to the acceptable 
adverse effects. Certain well‑established prognostic predictors, 
including tumor differentiation and vascular invasion, were not 
associated with survival. Although tumor size was significantly 
associated with OS based on the log-rank test, which suggests 
that tumor burden might be a mechanism involved in refrac-
tion to sorafenib, it was excluded from multivariate analyses. 
Similar to the results of previous studies, Child‑Pugh class and 
AFP were independently associated with TTP and OS, respec-
tively. The precise mechanism by which AFP affects prognosis 
remains unclear. However, several studies have reported that 
AFP is a novel protein‑binding partner for caspase-3, which 
blocks the apoptotic signaling pathway, and promotes the 
growth of human hepatoma cells as a co-repressor in retinoic 
acid (RA)-RA receptor signaling (40,41). Therefore, the low 
AFP level was independently associated with better OS.

In conclusion, this clinical study demonstrates that 
compared to the sorafenib-alone treatment group, the addition 
of cryoRx to sorafenib treatment significantly improves the 
clinical outcomes of sorafenib for the treatment of advanced 
HCC, with acceptable tolerance and similar safety profiles as 
previously reported. High intratumoral MVD was predictive of 
poor responses to sorafenib therapy for advanced HCC patients. 
These results provide further validation for sorafeinb treatment 
for advanced HCC.
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