
Abstract. Aim: We evaluated the efficacy and safety of
itraconazole after first-line chemotherapy in patients with
metastatic biliary tract cancer (BTC). Patients and Methods:
We retrospectively reviewed data from patients with
histologically-diagnosed BTC with distant metastases who
had received one or more lines of chemotherapy and
subsequent itraconazole chemotherapy. Results: Among 28
enrolled patients, 26 (93%) received docetaxel (35 mg/m2),
gemcitabine (1,000 mg/m2), and carboplatin (AUC4) on day
1 and oral itraconazole solution (400 mg) on days −2 to 2,
repeated every 2 weeks. Two patients received docetaxel plus
itraconazole with irinotecan. Two complete responses and 14
partial responses were observed, with a response rate of
57%. The median overall survival was 12.0 months. During
160 cycles, 21 (75%) and 17 (61%) patients had grade 3/4
neutropenia and thrombocytopenia, respectively. Two patients
(7%) experienced febrile neutropenia. Conclusion:
Combination chemotherapy with itraconazole after first-line
chemotherapy is promising for patients with metastatic BTC.

Biliary tract cancer (BTC) includes cancer arising from the
gall bladder, bile ducts, and ampulla of Vater. The incidence
of BTC is relatively rare, and varies by geographic region and
racial ethnic group. In Japan, 11,345 patients were newly-
diagnosed in 2010 (1), and the incidence is approximately 10-
fold that in the UK. The prognosis of non-resectable,
recurrent, or metastatic disease is poor. A combination of
gemcitabine and either cisplatin or oxaliplatin is regarded as
the standard first-line regimen (2, 3). There is insufficient

evidence to recommend second-line chemotherapy, although
some benefits of second-line chemotherapy have been
reported. There have been no randomized trials investigating
second-line chemotherapy for BTC. However, 63 out of 410
(15%) patients in the UK’s ABC-02 trial, and 63 out of 84
(75%) patients in Japan’s BT22 trial received second-line
chemotherapy, and the median overall survival (OS) was
similar in the two trials (11.7 and 11.2 months, respectively)
(2, 4). A systematic review of phase II trials and retrospective
analyses revealed a mean OS of 7.2 months after second-line
chemotherapy (5). 

Itraconazole, a common anti-fungal agent, is a potent
inhibitor of P-glycoprotein (P-gp; ATP-binding cassette sub-
family B member 1, multiple drug resistance 1), which plays
a critical role in chemoresistance (6, 7). Itraconazole also
inhibits Hedgehog (Hh) signals in cancer stem cells (CSCs)
(8). Since 2008, we have treated patients with BTC using
combination chemotherapy with itraconazole, and herein we
report our retrospective exploratory study that aimed to
assess the efficacy and toxicity of itraconazole-containing
regimens for the treatment of refractory BTC.

Patients and Methods

We retrospectively reviewed the medical records of patients with
histologically confirmed BTC who had a history of progression
during or after prior chemotherapy and who subsequently received
chemotherapy in conjunction with itraconazole. All patients
provided written informed consent, and the treatment protocol was
approved by the Institutional Review Board (IRB no.: 2007-0302).

Treatment protocol. Docetaxel-containing cytotoxic regimens were
administered in combination with itraconazole. An oral itraconazole
solution was administered at 400 mg/day on days −2 to 2, every 2
weeks. Dose modifications were made to maintain the nadir of white
blood cell (WBC) and platelet counts within 1,000-1,500/mm3 and
30,000-50,000/mm3, respectively. Granulocyte colony-stimulating
factor (G-CSF) was administered according to the manufacturer’s
recommendations until the WBC and absolute neutrophil counts
recovered. The regimen was continued until disease progression or
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until other cytotoxic regimens with itraconazole were used to prevent
chemotherapy-induced peripheral neuropathy. 

Efficacy was evaluated according to the Response Evaluation
Criteria in Solid Tumors (RECIST), version 1.1. OS was defined as
the time from the first itraconazole administration to death. Adverse
events were graded according to the National Cancer Institute
Common Toxicity Criteria, version 4.0. Statistical analyses were
performed on the observed distributions of OS using the
Kaplan–Meier method. All the analyses were performed using
XLSTAT 2014 (Addinsoft, Paris, France). 

Results

Patients’ characteristics. All patients were referred to our
Institution from tertiary Hospitals, and 20 (71%) were
referred after progression during prior chemotherapy.
Between January 2008 and August 2013, 28 patients with
metastatic BTC were concurrently treated with chemotherapy
and itraconazole. According to the RECIST 1.1 criteria, all
patients had distant metastases and 19 (68%) had multiple
organ metastases. Eighteen (64%) patients had previously
undergone two or more lines of chemotherapy. Twenty-three
(82%) patients had progressive disease during prior
chemotherapy, and 18 (64%) started itraconazole-containing
regimens within 30 days of the last date of prior
chemotherapy. Bile duct stents were placed in six (21%)
patients before treatment of chemotherapy with itraconazole.
The patients’ characteristics are summarized in Table I.

The regimens contained docetaxel, gemcitabine, and
carboplatin plus itraconazole (DGC plus itraconazole) in 25
patients and docetaxel and irinotecan plus itraconazole in
two patients. The median number of cycles was 6 (range=2-
17). Twenty-five (89%) patients discontinued the initial
cytotoxic regimen with itraconazole within six cycles. Five
(18%) patients experienced disease progression during the
initial regimen. Details of the DGC plus itraconazole
regimen were previously reported (9). Briefly, the starting
doses of intravenous docetaxel, carboplatin, and gemcitabine
were 35 mg/m2 (day 1), area under the curve of 4 mg min–1

ml–1 (day 1), and 1000 mg/m2 (day 1), respectively. 

Efficacy of combination chemotherapy with itraconazole.
During a median of six cycles of chemotherapy with
itraconazole, two complete responses and 14 partial responses
were observed (Table II), yielding a chemotherapy response
rate of 57% [95% confidence interval (CI)=39-75%). After the
induction of combination chemotherapy with itraconazole, four
patients underwent primary surgery and three underwent
radiotherapy. The median OS was 12.0 months (95% CI=9.1-
24.6 months), with data from five patients censored (Figure 1).

Toxicities. During the administration of 160 cycles, all patients
received G-CSF (Table III). Nineteen (68%), 21 (75%), and
17 (61%) patients had grade 3/4 anemia, neutropenia and

thrombocytopenia, respectively. Nineteen (68%) required
packed red blood cell transfusion when their hemoglobin
levels decreased to <8.0 g/dl. No patients required a platelet
transfusion. Two (7%) patients experienced febrile
neutropenia. No patients had grade 2 or more sensory
peripheral neuropathy. There were no treatment-related deaths.

Discussion

Herein, we demonstrated that administration of a
combination of chemotherapy with itraconazole was safe and
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Table I. Patients’ characteristics (n=28).

No.

Median age (range), years 62 (34-72)
Gender 17 (61%)

Male
Female 11 (39%)

Primary tumor location
Gall bladder 12 (43%)
Intrahepatic bile duct 6 (21%)
Extrahepatic bile duct 10 (36%)

Stage
I-III 5 (18%)
IV A 11 (39%)
IV B 12 (43%)

Prior treatment
Chemotherapy 28 (100%)
Surgery 17 (61%)
Radiotherapy 2 (7%)
Lines of prior chemotherapy

1 10 (36%)
≥2 18 (64%)

Prior chemotherapy drugs
Gemcitabine 17 (61%)

S-1 14 (50%)
Cisplatin 4 (14%)
Paclitaxel 1 (14%)

Treatment-free interval*
<30 days 18 (64%)
30-90 days 8 (29%)
>90 days 2 (7%)

ECOG performance status
0 25 (89%)
1 3 (11%)

Site of metastases
Liver 14 (50%)
Peritoneum 9 (32%)
Lung 6 (21%)

Number of metastatic sites
1 9 (32%)
2 14 (50%)
>3 5 (18%)

*Treatment-free interval, time between the end of prior chemotherapy
and the day of initiation of combination chemotherapy with
itraconazole; n, Number; ECOG, Eastern Cooperative Oncology Group.



efficacious for the treatment of patients with refractory
metastatic BTC, with more than half of patients
demonstrating a response. The median OS was 12.0 months
(95% CI=9.1-24.6 months), which was favorable compared
to that of historical controls. A systematic review revealed a
mean OS after second-line chemotherapy was 7.2 months
(95% CI=6.2-8.2 months) (5). 

The current protocol of adding itraconazole to cytotoxic
chemotherapy was primarily based on previous reports,
indicating that itraconazole enhanced the effect of taxanes by
inhibiting P-gp (6, 7). After exposure to cytotoxic agents,
residual tumors typically harbor CSCs (10). The concept of
CSCs, or tumor-initiating cells, was proposed to explain
metastasis and recurrence after exposure to chemotherapy.
CSCs are characterized by self-renewal, multi-differentiation,
and chemoresistance, and they have been isolated from various
types of cancer including cholangiocarcinoma (11). CSCs
have also been associated with the epithelial–mesenchymal
transition, which plays a pivotal role in tumor invasion (12).

Pre-treated CSC-rich residual tumors overexpress P-gp (13,
14). Itraconazole has the highest affinity among anti-fungal
agents, which serve as substrates for P-gp (15), and the
resistance of pretreated cancer cells or CSCs to docetaxel can
be reversed with itraconazole treatment (7, 16).

In 2010, Kim et al. reported that itraconazole inhibited the
Hh signaling pathway in CSCs and in cancer cells (89. The
Hh signaling pathway plays a key role in embryogenesis, and
is re-activated in various cancer types (17). The expression
of Smoothend (Smo) was detected in approximately 70% of
pancreatic cancer specimens (18), and the Hh signaling
pathway has been extensively studied in pancreatic cancer.
Inhibition of the Hh signaling by cyclopamine reduced the
self-renewal of pancreatic CSCs, and reversed
chemoresistance (19). In a murine model of pancreatic
cancer, the Hh inhibitor AZD8542 prevented tumor growth
and metastasis by affecting the surrounding tumor
microenvironment (20). A recent interim analysis of a single-
arm phase II study on patients with untreated pancreatic
cancer showed that the Smo antagonist vismodegib in
combination with gemcitabine plus nab-paclitaxel had
favorable efficacy with acceptable toxicities (21).
Itraconazole inhibits the Hh signaling pathway (22). We
administered cytotoxic agents with itraconazole to 38
patients with refractory pancreatic cancer and found
favorable efficacy compared to historical controls (23). 
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Table II. Tumor response to combination chemotherapy with
itraconazole (n=28).

Response No.

Complete response 2 (7%)
Partial response 14 (50%)
Stable disease 8 (29%)
Progressive disease 4 (14%)
Response rate 57 (95% CI=39-75%) 

CI, Confidence interval.

Table III. Toxicities during 160 cycles of combination chemotherapy
with itraconazole (n=28).

Adverse events Grade 1 Grade 2 Grade 3 Grade 4 Grade 3/4

Anemia 1 8 17 2 19 (68%)
Leukopenia 2 4 17 5 22 (79%)
Neutropenia 3 4 10 11 21 (75%)
Thrombocytopenia 3 8 12 5 17 (61%)
Febrile neutropenia 2 (7%)
Transfusion
Packed RBCs* 19 (68%)
G-CSF 28 (100%)
Increased T. Bil 6 1 0 0 0
Increased ALT 9 5 3 0 3 (11%)
Increased Cr 3 0 0 0 0

*Packed red blood cells were transfused when hemoglobin levels fell
below 8.0 g/dl.  T. Bil, Blood total bilirubin; AST, serum aspartate
aminotransferase; Cr, serum creatinine; G-CSF: granulocyte-colony
stimulating factor.

Figure 1. Kaplan–Meier analysis of overall survival (OS) after
chemotherapy with itraconazole (n=28). OS is shown by the solid line
while the 95% confidence lines are indicated by dashed lines The
median OS was 12.0 months (95% confidence interval=9.1-24.6
months). 



Li et al. confirmed the activation of the Hh signaling
pathway in gallbladder cancer; 76 (82%) and 66 (70%)
specimens expressed sonic Hh and Gli1, respectively, and the
expression status correlated with known prognostic factors
and OS (24). Matsushita et al. reported that cyclopamine and
Smo siRNA inhibited proliferation and Smo siRNA inhibited
epithelial–mesenchymal transition and invasion in vitro (25).
Kisslich et al. demonstrated inhibition of BTC cell growth
in vitro using cyclopamine and the Hh transcription inhibitor
Gant-61, and a synergistic cytotoxic effect was apparent in
combination with cisplatin (26).

Since 2013, several studies have reported the clinical
benefit of itraconazole for various cancer types including
prostate, lung, skin, ovarian, breast, and pancreatic cancer (9,
23, 27-31). The addition of itraconazole to cytotoxic agents
was reported to have improved OS in a prospective,
randomized, phase II study on the second-line treatment of
non-small cell lung cancer and in a retrospective multivariate
analysis of refractory ovarian cancer (28, 30). Cytotoxic
regimens in combination with itraconazole should be further
investigated considering the efficacy, toxicities, and
compliance in daily practice. 

The dose modification in the present study was
complicated and demanded for close monitoring. Based on
the promising results of DGC plus itraconazole for patients
with refractory breast or ovarian cancer (9, 30, 31), we
launched a phase II study of combined docetaxel,
gemcitabine, and itraconazole for gynecological malignancy
using a simplified dose modification and continuation until
disease progression protocol (UMIN000013951). 

Limitations of the present study include the small sample
size, the observational and retrospective nature, and the
complicated dose modification protocol. Nevertheless, the
findings herein are encouraging for patients with refractory
BTC, because combination chemotherapy with itraconazole
demonstrated favorable efficacy with acceptable toxicity after
first-line chemotherapy for treatment-refractory metastatic
BTC. Furthermore, itraconazole is not an expensive drug and
would be affordable to patients in less developed countries,
and may reduce medical costs in developed countries.

Conflicts of Interest

The Authors declare no financial conflicts of interest with regard to
this study.

References

1 Japanese Ministry of Health, Labor and Welfare (2012) Statistical
investigation result. http://www.mhlw.go.jp/toukei/saikin/hw/
jinkou/kakutei12/index.html [In Japanese]. Last accessed 18
January, 2015.

2 C Valle J, Wasan H, Palmer DH, Cunningham D, Anthoney A,
Maraveyas A, Madhusudan S, Iveson T, Hughes S, Pereira SP,

Roughton M and Bridgewater J; ABC-02 Trial Investigators:
Cisplatin plus gemcitabine versus gemcitabine for biliary tract
cancer. N Engl J Med 362: 1273-1281, 2010. 

3 Sharma A, Dwary AD, Mohanti BK, Deo SV, Pal S, Sreenivas
V, Raina V, Shukla NK, Thulkar S, Garg P and Chaudhary SP:
Best supportive care compared with chemotherapy for
unresectable gall bladder cancer: a randomized controlled study.
J Clin Oncol 28: 4581-4586, 2010.

4 Okusaka T, Nakachi K, Fukutomi A, Mizuno N, Ohkawa S,
Funakoshi A, Nagino M, Kondo S, Nagaoka S, Funai J, Koshiji
M, Nambu Y, Furuse J, Miyazaki M and Nimura Y: Gemcitabine
alone or in combination with cisplatin in patients with biliary
tract cancer: a comparative multicentre study in Japan. Br J
Cancer 103: 469-474, 2010.

5 Lamarca A, Hubner RA, David Ryder W and Valle JW: Second-
line chemotherapy in advanced biliary cancer: a systematic
review. Ann Oncol 25:2328-2338, 2014.

6 Shirakawa K, Takara K, Tanigawara Y, Aoyama N, Kasuga M,
Komada F, Sakaeda T and Okumura K: Interaction of docetaxel
(“Taxotere”) with human P-glycoprotein. Jpn J Cancer Res
90:1380-1386, 1999.

7 Takara K, Tanigawara Y, Komada F, Nishiguchi K, Sakaeda T
and Okumura K: Cellular pharmacokinetic aspects of reversal
effect of itraconazole on P-glycoprotein-mediated resistance of
anticancer drugs. Biol Pharm Bull 22:1355-1359, 1999.

8 Kim J, Tang JY, Gong R, Kim J, Lee JJ, Clemons KV, Chong
CR, Chang KS, Fereshteh M, Gardner D, Reya T, Liu JO,
Epstein EH, Stevens DA and Beachy PA: Itraconazole, a
commonly used antifungal that inhibits Hedgehog pathway
activity and cancer growth. Cancer Cell 17: 388-399, 2010. 

9 Tsubamoto H, Sonoda T, Yamasaki M and Inoue K: Impact of
combination chemotherapy with itraconazole on survival for
patients with recurrent or persistent ovarian clear cell carcinoma.
Anticancer Res 34: 2007-2014, 2014.

10 Zhou BB, Zhang H, Damelin M, Geles KG, Grindley JC and
Dirks PB: Tumour-initiating cells: challenges and opportunities
for anticancer drug discovery. Nat Rev Drug Discov 8: 806-823,
2009. 

11 Wang M, Xiao J, Shen M, Yahong Y, Tian R, Zhu F, Jiang J, Du
Z, Hu J, Liu W and Qin R: Isolation and characterization of
tumorigenic extrahepatic cholangiocarcinoma cells with stem
cell-like properties. Int J Cancer 128: 72-81, 2011.

12 Xie G, Yao Q, Liu Y, Du S, Liu A, Guo Z, Sun A, Ruan J, Chen
L, Ye C and Yuan Y: IL-6-induced epithelial-mesenchymal
transition promotes the generation of breast cancer stem-like
cells analogous to mammosphere cultures. Int J Oncol 40: 1171-
1179, 2012.

13 Hong SP, Wen J, Bang S, Park S and Song SY: CD44-positive
cells are responsible for gemcitabine resistance in pancreatic
cancer cells. Int J Cancer 125: 2323-2331, 2009.

14 Yao J, An Y, Wie JS, Ji ZL, Lu ZP, Wu JL, Jiang KR, Chen P,
Xu ZK and Miao Y: Cyclopamine reverts acquired
chemoresistance and down-regulates cancer stem cell markers in
pancreatic cancercell lines. Swiss Med Wkly 141:w13208, 2011. 

15 Kethireddy S and Andes D: CNS pharmacokinetics of antifungal
agents. Expert Opin Drug Metab Toxicol 3: 573-581, 2007.

16 Iida N, Takara K, Ohmoto N, Nakamura T, Kimura T, Wada A
Hirai M, Sakaeda T and Okumura K: Reversal effects of
antifungal drugs on multidrug resistance in MDR1-overexpressing
HeLa cells. Biol Pharm Bull 24: 1032-1036, 2001.

ANTICANCER RESEARCH 35: 4923-4928 (2015)

4926



17 Berman DM, Karhadkar SS, Maitra A, Montes De Oca R,
Gerstenblith MR, Briggs K, Parker AR, Shimada Y, Eshleman
JR, Watkins DN and Beachy PA: Widespread requirement for
Hedgehog ligand stimulation in growth of digestive tract
tumours. Nature 425: 846-851, 2003.

18 Thayer SP, di Magliano MP, Heiser PW, Nielsen CM, Roberts
DJ, Lauwers GY, Qi YP, Gysin S, Fernández-del Castillo C,
Yajnik V, Antoniu B, McMahon M, Warshaw AL and Hebrok M:
Hedgehog is an early and late mediator of pancreatic cancer
tumorigenesis. Nature 425(6960): 851-856, 2003.

19 Huang FT, Zhuan-Sun YX, Zhuang YY, Wei SL, Tang J, Chen
WB and Zhang SN: Inhibition of hedgehog signaling depresses
self-renewal of pancreatic cancer stem cells and reverses
chemoresistance. Int J Oncol 41: 1707-1714, 2012.

20 Hwang RF, Moore TT, Hattersley MM, Scarpitti M, Yang B,
Devereaux E, Ramachandran V, Arumugam T, Ji B, Logsdon
CD, Brown JL and Godin R: Inhibition of the hedgehog pathway
targets the tumor-associated stroma in pancreatic cancer. Mol
Cancer Res 10: 1147-1157, 2012.

21 De Jesus-Acosta A, O’Dwyer PJ, Ramanathan DD, Von Hoff
DD, Maitra A, Rasheed A, Zheng L, Rajeshkumar NV, Le DT,
Hoering A, Bolejack V, Yabuuchi S and Laheru DA: A phase II
study of vismodegib, a hedgehog pathway inhibitor, combined
with gemcitabine and nab-paclitaxel in patients with untreated
pancreatic ductal adenocarcinoma. J Clin Oncol 32(suppl 3):
abstr 25, 2014.

22 Kim J, Aftab BT, Tang JY, Kim D, Lee AH, Rezaee M, Kim J,
Chen B, King EM, Borodovsky A, Riggins GJ, Epstein EH Jr.,
Beachy PA and Rudin CM: Itraconazole and arsenic trioxide
inhibit Hedgehog pathway activation and tumor growth
associated with acquired resistance to smoothened antagonists.
Cancer Cell 23: 23-34, 2013.

23 Tsubamoto H, Sonoda T, Ikuta S, Tani S, Inoue K and Yamanaka
N: Combination chemotherapy with itraconazole for treating
metastatic pancreatic cancer in the second-line or additional
setting. Anticancer Res in press.

24 Li J, Wu T, Lu J, Cao Y, Song N, Yang T, Dong R, Yang Y, Zang
L, Du X and Wang S: Immunohistochemical evidence of the
prognostic value of hedgehog pathway components in primary
gallbladder carcinoma. Surg Today 42: 770-775, 2012.

25 Matsushita S, Onishi H, Nakano K, Nagamatsu I, Imaizumi A,
Hattori M, Oda Y, Tanaka M and Katano M: Hedgehog signaling
pathway is a potential therapeutic target for gallbladder cancer.
Cancer Sci 105: 272-280, 2014.

26 Kiesslich T, Mayr C, Wachter J, Bach D, Fuereder J, Wagner A,
Alinger B, Pichler M, Di Fazio P, Ocker M, Berr F and Neureiter
D: Activated hedgehog pathway is a potential target for
pharmacological intervention in biliary tract cancer. Mol Cell
Biochem 396: 257-268, 2014.

27 Antonarakis ES, Heath EI, Smith DC, Rathkopf D, Blackford
AL, Danila DC, King S, Frost A, Ajiboye AS, Zhao M,
Mendonca J, Kachhap SK, Rudek MA and Carducci MA:
Repurposing itraconazole as a treatment for advanced prostate
cancer: a noncomparative randomized phase II trial in men with
metastatic castration-resistant prostate cancer. Oncologist 18:
163-173. doi: 10.1634/theoncologist. 2012-314, 2013.

28 Rudin CM, Brahmer JR, Juergens RA, Hann CL, Ettinger DS,
Sebree R, Smith R, Aftab BT, Huang P and Liu JO: Phase 2
study of pemetrexed and itraconazole as second-line therapy for
metastatic nonsquamous non-small cell lung cancer. J Thorac
Oncol 8: 619-623, 2013. 

29 Kim DJ, Kim J, Spaunhurst K, Montoya J, Khodosh R, Chandra
K, Fu T, Gilliam A, Molgo M, Beachy PA and Tang JY: Open-
label, exploratory phase II trial of oral itraconazole for the
treatment of basal cell carcinoma. J Clin Oncol 32: 745-751,
2014. 

30 Tsubamoto H, Sonoda T, Yamasaki M and Inoue K: Impact of
combination chemotherapy with itraconazole on survival of
patients with refractory ovarian cancer. Anticancer Res 34: 2481-
2487, 2014.

31 Tsubamoto H, Sonoda T and Inoue K: Impact of itraconazole on
the survival of heavily pre-treated patients with triple-negative
breast cancer. Anticancer Res 34: 3839-3844, 2014.

Received May 4, 2015
Revised June 9, 2015

Accepted June 11, 2015

Tsubamoto et al: Itraconazole for Biliary Tract Cancer

4927


