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Abstract. Patients with advanced intrahepatic cholangio-
carcinoma (ICC) have a poor prognosis and the therapeutic 
options available for treating ICC are limited. Sorafenib, a 
multikinase inhibitor of vascular endothelial growth factor 
receptor 2 and 3, platelet derived growth factor receptor‑β, 
B‑Raf proto‑oncogene, serine/threonine kinase and C‑Raf 
proto‑oncogene, serine/threonine kinase, is a novel reference 
standard for the treatment of advanced hepatocellular carci-
noma. Sorafenib has previously been demonstrated to exhibit 
significant antitumor activity in various cholangiocarcinoma 
cell lines and in xenograft ICC models. The present study 
aimed to assess the efficacy and safety of sorafenib as a 
single‑agent treatment in patients with advanced ICC. Eligible 
patients were administere no prior therapy for metastatic or 
unresectable disease. Sorafenib was administered orally 
at a dose of 400 mg twice daily continuously. The primary 
endpoint was considered as the disease control rate (DCR) at 
12 weeks. Secondary endpoints included time to progression 
(TTP), progression‑free survival (PFS), overall survival (OS), 
duration of treatment (DOT) and the adverse event profile. A 
total of 15 patients were enrolled in the present study, with a 
median DOT of 3.2 months (range, 1.5‑30 months). A total of 
4 patients achieved a partial response and 7 patients achieved 
stable disease, with a DCR of 73.3%. The median OS time was 
5.7 months [95% confidence interval (CI), 5.0‑6.4], the PFS 
time was 5.5 months (95% CI, 3.9‑7.1) and the median TTP was 
3.2 months (range, 1.5‑29 months). The most common toxicity 

was a skin rash, which w1as observed in 5 patients (33.3%). 
Grade 3 hand‑foot syndrome was observed in 1 patient (6.7%), 
which required treatment termination. The results of the 
present study suggest that sorafenib monotherapy may exhibit 
promising anticancer activity in patients with advanced ICC 
and that it has a manageable toxicity profile.

Introduction

Intrahepatic cholangiocarcinoma (ICC) is the second most 
common type of primary liver malignancy, accounting 
for 5‑10% of all malignant liver cancer cases (1,2). Patients 
with ICC often have a poor prognosis due to a difficult early 
diagnosis, a high degree of malignancy and a poor therapeutic 
efficacy. Surgical resection is currently the only potential 
curative therapy for ICC, but the majority of patients often 
present at an advanced stage and are therefore not amenable to 
surgical resection. A previous study reported that even when 
patients received radical surgery, the 1‑, 3‑ and 5‑year survival 
rates were 35‑86, 20‑52 and 20‑40%, respectively  (3‑5). 
A widely used conventional treatment for patients with 
advanced ICC is chemotherapy. However, the response rates 
to numerous chemotherapeutic agents are poor or non‑existent 
given the fact that ICC is a highly aggressive tumor that often 
displays resistance to chemotherapy  (3,6). The efficacy of 
cytotoxic drugs, including 5‑fluoropyrimidines, gemcitabine, 
cisplatin/oxaliplatin, mitomycin C, doxorubicin, docetaxel 
and irinotecan, have been investigated, with low response 
rates of 0‑36% and a median survival times of between 4.5 
and 14.8 months (7‑12). Previous studies have indicated that 
combined chemotherapy can increase the response rate and 
survival time, but typically, the response rate remains low 
with a higher toxicity incidence (13,14). Thus, the development 
of more effective therapies for patients with advanced ICC is 
warranted.

Sorafenib (Nexavar/Bay43‑9006; Bayer AG, Leverkusen, 
Germany) is a multi‑targeted small molecule that inhibits 
the activity of vascular endothelial growth factor receptor 
(VEGFR) 2 and 3, platelet‑derived growth factor receptor 
(PDGFR), fibroblast growth factor and RAF proto‑oncogene, 
serine/threonine kinase, thus inhibiting tumor proliferation 
and angiogenesis (15). Sorafenib has demonstrated safety and 
efficacy against a wide variety of cancer types in numerous 
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preclinical and clinical studies, and has been approved for 
the treatment of renal cell and hepatocellular carcinoma (16). 
However, limited data are available on the use of sorafenib in 
patients with advanced ICC. In the current study, the efficacy 
and tolerability of sorafenib in patients with advanced ICC 
was evaluated.

Materials and methods

Eligibility criteria. Patients eligible for the present study had 
a cytologically or pathologically confirmed diagnosis of ICC 
that was surgically unresectable or metastatic, and excluded 
combined hepatocellular carcinoma and cholangiocarcinoma. 
Measurable disease was required with no prior therapy. 
Previous chemotherapy, radiation therapy, transcatheter 
arterial chemoembolization or other local treatments were 
permitted only when the size of the measurable lesions had 
increased by >25%, and it must have been completed ≥4 weeks 
prior to enrollment. Patients were >18  years old, had an 
expected lifespan of >12 weeks and an Eastern Cooperative 
Oncology Group (ECOG) (17) performance status of 0‑2. In 
addition, patients had adequate liver and renal function tests 
with a total bilirubin level ≤2 times the upper limit of the 
normal level, AST or ALT levels ≤2 times the upper limit of 
the normal level, a serum creatinine level of <2 mg/dl and a 
creatinine clearance rate of ≥60 ml/min. Requirements also 
included adequate bone marrow function, as indicated by an 
absolute neutrophil count of ≥1,500/mm3, a platelet count of 
≥60x109/l, a hemoglobin level of ≥8.0 g/dl, an International 
Normalized Ratio of ≤2.3 or a prothrombin time prolonged 
by ≤6 sec.

The present study was approved by the Human Research 
Ethics Committee of Anhui Medical University (Hefei, China) 
and written informed consent was obtained from all patients.

Study design. The present study was a single‑arm open‑label 
exploratory study whose primary aim was the evaluation of 
single‑agent sorafenib activity, defined as the control rate 
at 12 weeks, in patients with advanced ICC. The disease 
control rate (DCR) was defined as the percentage of patients 
that exhibited no disease progression [complete response 
(CR), partial response (PR) and stable disease (SD)] but who 
remained under treatment at 12 weeks. Secondary endpoints 
included time to progression (TTP), progression‑free 
survival (PFS), overall survival (OS), duration of treatment 
(DOT) and the adverse event profile. TTP was defined as 
the time between the first day of administration of sorafenib 
and confirmed disease progression upon imaging. PFS was 
defined as the time between the first day of administra-
tion of sorafenib and confirmed disease progression upon 
imaging or mortality due to any cause. OS was defined as the 
time between the first day of sorafenib administration and 
mortality or last contact.

Treatment plan. Sorafenib (Nexavar/Bay43‑9006; Bayer AG, 
Leverkusen, Germany) was administered at a fixed dose 
of 400 mg twice a day continuously in a 3‑week cycle until 
disease progression, intolerant drug‑associated toxicity, the 
necessity for cessation of the medication or withdrawal of 
patient consent occurred.

Doses were delayed or reduced in cases of possible asso-
ciated hematological or non‑hematological toxicity graded 
according to the National Cancer Institute Common Termi-
nology Criteria for Adverse Events (NCI CTCAE; version 
4.0) (18). Sorafenib was taken orally at the following predefined 
dose levels: Level‑1, 400 mg every 12 h; level‑2, 400 mg every 
day; and level‑3, 400 mg every other day. In the case of G1‑G2 
hematological and non‑hematological toxicity, no dose modi-
fication or delay was planned. For G3 hematological toxicity, 
treatment was continued with a dose reduction of one dose 
level. For G4 hematological and G3 nonhematological toxicity, 
treatment was delayed until toxicity resolution to G1‑G2, and 
a dose reduction of one level was planned. In the case of G4 
non‑hematological toxicity, treatment was terminated. Patients 
requiring treatment interruption for >1 month or requiring 
a reduction of >2 dose levels were removed from treatment 
unless it was considered clinically beneficial.

Disease assessment. Baseline evaluation included medical 
history, physical examination, pathological ICC diagnosis 
and tumor assessment using computed tomography (CT) or 
magnetic resonance imaging (MRI) according to the Response 
Evaluation Criteria in Solid Tumors (RECIST; version 1.1) (19) 
within 28 days of study entry.

Patients were contacted and interviewed every 3 weeks 
within the first 3 months after the start of treatment. Disease 
assessment included determination of vital signs, ECOG 
performance status, blood routine, liver and renal function, 
coagulation function, accompanying treatment and adverse 
effects. The interval between follow‑ups could be prolonged 
to 6 weeks after the first 3 months. Tumor response was evalu-
ated every 6 weeks using CT or MRI. Lifetime follow‑up was 
to be conducted every 3 months and telephone follow‑up was 
allowed (Fig. 1).

Toxicity assessment. Patients were evaluated for treat-
ment‑associated toxicity in each cycle for the first 12 weeks 
and every two cycles thereafter according to the NCI CTCAE.

Statistical analysis. The primary endpoint of the trial was 
taken as the DCR (CR+PR+SD, according to the RECIST 
criteria) at 12 weeks. Second endpoints included TTP, OS, 
DFS, DOT and safety. Survival analysis was performed 
using the Kaplan‑Meier method. All statistical analyses were 
performed using SPSS software (version 17.0; SPSS Inc., 
Chicago, IL, USA).

Results

Patient characteristics and treatment administration. A 
total of 15 patients with pathologically confirmed diagnosis 
of ICC were enrolled for the present study over a period of 
24 months (Fig. 2; Table I). The median age was 53 years 
(range, 39‑65 years), with 8 males and 7 females. All patients 
had a good ECOG performance status of 0‑1 prior to sorafenib 
administration. A total of 10 patients had received previous 
treatment; 4 had received radical surgery (all with tumor 
recurrence following surgery) and 6 had received palliative 
surgery or biopsy. Overall, 1 patient received radiotherapy and 
1 received chemotherapy following surgery.
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The median DOT was 3.2 months (range, 1.5‑30 months). 
Sorafenib was discontinued in 14  patients due to tumor 

progression in 4 patients (26.7%), intolerance to an adverse 
event in 1 patient (6.7%), mortality in 2 patients (13.3%) and 

Figure 1. Diagram of the disease assessment for the patients with intrahepatic cholangiocarcinoma. CT, computed tomography; MRI, magnetic resonance 
imaging; ECOG‑PS, Eastern Cooperative Oncology Group‑performance status; ECG, electrocardiogram; po, bid; taken orally, twice daily.

Figure 2. Representative histopathological examination of two patients with intrahepatic cholangiocarcinom with hematoxylin and eosin staining. (A) Invasive 
moderately‑differentiated adenocarcinoma. (B) Poorly‑differentiated adenocarcinoma.
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liver failure in 7 patients (46.7%). By the time the follow‑up of 
the study ended (July 2014), only 1 patient (6.7%) remained on 
sorafenib treatment.

Efficacy. Following sorafenib monotherapy, 4  patients 
achieved a partial response and 7 patients achieved a stable 
disease status, with a DCR of 73.3% at 12 weeks (Table II). 
Among the 4  patients who achieved a partial response, 
1 patient succumbed with an inferior OS time of 4.2 months. 
As illustrated in Fig. 3, the CT scan image at 8 and 12 weeks 
post‑sorafenib treatment demonstrated that the tumor had 
developed liquefactive necrosis and was less viable. The 
patient subsequently succumbed to liver failure induced by 
hepatic portal tumor compression. As illustrated in Fig. 4, 
another patient who presented with unresectable ICC due 
to portal and inferior vena cava invasion achieved a partial 
response following sorafenib treatment. The patient had 
received sorafenib treatment for 15 months and remained on 
sorafenib treatment. The median OS time for all patients was 
5.7 months [range, 2.2‑32.5 months; 95% confidence interval 

(CI), 5.0‑6.4] and the median PFS time was 5.5 months (range, 
1.5‑32.5 months; 95% CI, 3.9‑7.1), as illustrated in Fig. 5. The 
median TTP was 3.2 months (range, 1.5‑29 months).

Toxicity. All patients were assessed for toxicity. There were 
no treatment‑associated mortalities. As illustrated in Table III, 
the main adverse effects of sorafenib included skin rashes, 
hand‑foot syndrome, diarrhea, nausea/vomiting, liver enzyme 
and bilirubin elevation, and fatigue. G1‑2 toxicity was observed 
in 8 patients (53.3%) while G3‑4 toxicity was observed in 
1 patient (6.7%). The most common toxicity was a skin rash, 
which was present in 5 patients (33.3%). A single patient exhib-
ited G3 toxicity in the form of hand‑foot syndrome toxicity. 
Hematological toxicity was not identified in any patients.

Discussion

Few treatment options are available for ICC, and the prog-
nosis of affected patients is extremely poor. Advanced ICC 
poses a significant therapeutic challenge for multiple reasons, 
including a low radical resection rate, the limited efficacy of 
cytotoxic chemotherapy and the rarity of the disease, leading 
to difficulties in conducting large randomized studies (20‑25). 
Novel effective therapeutic approaches are required in order to 
improve the treatment outcome of patients with ICC.

Sorafenib is an oral multikinase inhibitor with existing 
approval for the treatment of metastatic renal cell and advanced 
hepatocellular carcinoma. Furthermore, sorafenib has been 
demonstrated to exhibit significant antitumor activity in 
various cholangiocarcinoma cell lines and in xenograft ICC 
models  (26‑28). The mechanism underlying the effects of 
sorafenib may involve the ability to simultaneously inhibit 
tumor angiogenesis (via VEGF and PDGF signaling pathways) 
and tumor cell survival (via Ras/Raf/MEK/ERK1/mitogen 
activated protein kinase‑2 kinase, and signal transducer and acti-
vator of transcription 3‑dependent signaling pathways) (27,29). 
Owing to the molecular alterations described in ICC, the present 
study aimed to investigate the efficacy of sorafenib as a single 
agent in patients with advanced ICC. The DCR at 12 weeks was 
defined as the primary endpoint, which is considered a suitable 
endpoint in oncology when a non‑cytotoxic agent is used, and a 
low objective response and high SD rate is expected (30).

At the intention‑to‑treat analysis, the response and SD rates 
were 26.7, and 46.7%, respectively, with a DCR of 73.3%. The 
median PFS and OS times were 5.5, and 5.7 months, respec-
tively. In a previous phase II study on sorafenib treatment as 

Table II. Therapeutic efficacy of sorafenib inn patients with 
intrahepatic cholangiocarcinoma.

Response	 Cases, n	 Rate, %

Complete response	   0	 0.0
Partial response	   4	 26.7
Stable disease	   7	 46.7
Progressive disease	   4	 26.7
Disease control rate	 11	 73.3
Total	 15	 100.0

Table I. Clinicopathological characteristics of patients (n=15) 
with intrahepatic cholangiocarcinoma.

Clinicopathological characteristic	 Value 

Age, years
  Median	 53
  Range	 39‑65
Gender, n (%)	
  Male	   8 (53.3)
  Female	   7 (46.7)
ECOG performance status, n (%)	
  0	 12 (80.0)
  1	   3 (20.0)
Macrovascular invasion, n (%)	
  Present	   4 (26.7)
  Absent	 11 (73.3)
Extrahepatic tumor metastasis, n (%)	
  Present	   9 (60.0)
  Absent	   6 (40.0)
Extent of disease, n (%)	
  Liver	   15 (100.0)
  Lymph nodes	   9 (60.0)
  Lung	 1 (6.7)
  Soft tissue	   3 (20.0)
Previous treatment, n (%)	 10 (66.7)
  Surgery	 10 (66.7)
    Radical	   4 (26.7)
    Palliative/biopsy	   6 (40.0)
  Radiotherapy after surgery	 1 (6.7)
  Chemotherapy after surgery	 1 (6.7)

ECOG, Eastern Cooperative Oncology Group.
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a single agent in 46 patients with advanced biliary tract carci-
noma, an objective response rate of 2% and a DCR at 12 weeks 
of 32.6% were reported. In addition, the median PFS and OS 
times were 2.3, and 4.4 months, respectively (31). One possible 
explanation for the inferior survival outcomes reported in 
this study is that 56% of patients had ≥1 prior lines of chemo-
therapy prior to enrollment. In the present study, 1 patient who 
received combined chemotherapy following surgery experi-
enced PFS and OS times of 6 months. Another patient who 
received radiotherapy following surgery experienced worse 
PFS and OS times of 2.2 months. A previous phase II study on 
gemcitabine and cisplatin combined with sorafenib in patients 
with advanced biliary adenocarcinomas demonstrated that the 
addition of sorafenib to gemcitabine and cisplatin in biliary 
adenocarcinomas did not improve efficacy compared with 
previous data, and showed that toxicity was increased (32). 
However, a previous comprehensive review summary stated 
that a combination of sorafenib with cytotoxic agents is gener-
ally well tolerated (33). In addition, several phase I and II 
studies have demonstrated that the combination of sorafenib 
with cytotoxic agents in several solid tumor types, including 
hepatocellular carcinoma, melanoma, and gastric, colorectal, 
breast and ovarian cancer, achieved promising results (33). 
However, limited data are available on the combination of 
sorafenib with chemotherapeutic agents or radiotherapy in 
patients with ICC. Studies into the effect of a combination 
of sorafenib with cytotoxic drugs therapy or radiotherapy on 
advanced ICC are warranted.

A previous phase II trial that used sorafenib as a first‑line 
treatment for advanced cholangiocarcinoma and gallbladder 

cancer failed to demonstrate a clinically significant objective 
response (34). A confirmed response rate of 0% and a DCR 
of 39% were reported. In addition, the patients experienced 
a median PFS time of 3 months and a median OS time of 
9 months (34). It has been noted that the response rate and 
survival outcomes appear to be different among patients with 
gallbladder carcinoma vs. intrahepatic cholangiocarcinoma vs. 
extrahepatic cholangiocarcinoma (35); the limitation of this 
study was the incorporation of all biliary cancer types into one 
group, irrelevant of the site of origin. The molecular changes 
associated with biliary tract adenocarcinoma development 
and progression was poorly defined, and it is unclear whether 
suggested location‑associated differences in pathogenesis can 
influence clinical behavior and patient prognosis. However, 
a study on 128 patients who underwent resection for biliary 
cancer indicated that biliary tract cancer exhibits differential 
expression of cell cycle regulatory proteins according to the 
tumor site of origin and morphology, demonstrating different 
survival outcomes (36). Thus, the response rate and survival 
outcomes may be different due to location‑associated differ-
ences in molecular changes. To the best of our knowledge, 
the present study was the first to investigate the efficacy of 
sorafenib in patients with ICC, and it achieved promising 
response rates.

The toxicity profile of sorafenib in the present study was 
manageable. Toxicities observed were primarily grades 1 and 2. 
The most common toxicity was a skin rash in 5 patients (33.3%). 
A previous study on the effects of sorafenib in patients with hepa-
tocellular carcinoma reported an improved response in patients 
with early skin reactions (37). However, the same correlation 

Figure 3. Radiological tumor evaluation of a patient with intrahepatic cholangiocarcinoma during sorafenib treatment. (A) The baseline tumor evaluation CT 
scan image. (B) The imaging evaluation CT scan at 8 weeks following sorafenib treatment demonstrating tumor liquefactive necrosis. (C) CT scan at 12 weeks 
post‑sorafenib treatment demonstrating larger necrotic areas and a less viable tumor. CT, computed tomography.
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Figure 4. Radiological tumor evaluation of a patient with intrahepatic cholangiocarcinoma during sorafenib treatment. (A) Baseline tumor evaluation showing 
a tumor of 7x6 cm in size. (B) Local tumor necrosis following 6 weeks of sorafenib treatment. (C) Local tumor necrosis with a decreased tumor size (5x4 cm) 
following sorafenib treatment for 12 weeks. CT evaluation following sorafenib treatment for (D) 25 weeks (tumor size, 5x4 cm), (E) 36 weeks, (F) 44 weeks 
and (G) 52 weeks.
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was not established in the current study. Grade 3 hand‑foot 
syndrome was observed in 1 atient (6.7%) and hematological 
toxicity was not identified in any patients. The safety profile of 

sorafenib in the present study is acceptable in comparison with 
that observed in patients treated with chemotherapy. Several 
phase II clinical trials on the effects of gemcitabine combined 
with cisplatin in patients with advanced biliary tract carcinoma 
reported grade 3‑4 toxicity in 33‑75% of patients (13,38,39).

One limitation of the present study was that it was a single 
institute study with a small sample size. The results indicate 
the requirement for a multiple center phase II or III clinical 
trial with a large sample size.

In conclusion, the results of the present study have provided 
the first evidence that sorafenib is generally well tolerated and 
active in patients with advanced ICC. In order to enhance the 
treatment efficacy of sorafenib, further trials focused on the 
effects of sequential or combination therapy are warranted, 
as patients eventually develop progressive disease when on 
sorafenib or cannot tolerate the treatment. Correlative studies to 
define predictive molecular markers for sorafenib are required.
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