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Abstract. The prognosis of patients with unresectable and 
recurrent biliary tract cancer (BTC) is very poor. Although 
gemcitabine (GEM) plus cisplatin therapy is useful for unre-
sectable cases, the median overall survival (OS) of the patients 
is <1 year, and third-line chemotherapy following failure of 
5-fluorouracil (5-FU) and GEM plus cisplatin is currently 
unavailable. The clinical efficacy and basic effects of low‑dose 
paclitaxel (PTX) therapy for patients with BTC was previously 
reported. We herein present the results of a phase I clinical trial 
of weekly low-dose PTX as third-line palliative chemotherapy. 
PTX was administered on days 1, 8, 15 and 22 of each cycle and 
repeated twice as follows: Level 1, 40 mg/m2; level 2, 50 mg/m2 
(n=3). During the two cycles, grade 1 or 2 adverse events were 
observed in 3 patients, whereas dose-limiting adverse events 
(grade 3 or 4) were not observed. The disease control rate was 
83.3% (partial response, n=3; stable disease, n=2). The OS 
and median survival were 15.4 and 9.0 months, respectively. 
In conclusion, palliative chemotherapy with low-dose PTX 
following failure of GEM and 5-FU was well-tolerated, safe 
and effective for patients with unresectable or recurrent BTCs, 
and the optimal dose was 50 mg/m2.

Introduction

Biliary tract cancers (BTCs) include carcinomas of the 
gallbladder, bile ducts (cholangiocarcinoma) and the papilla 
of Vater. The majority of BTCs are detected at an advanced 

incurable stage and are typically treated with chemotherapy, 
such as 5‑fluorouracil (5‑FU), gemcitabine (GEM), cisplatin, 
or their combination. The response rates range between 20 and 
40%, with a median overall survival (OS) of 8-14 months (1). 
The most notable advance in the treatment of BTC was 
achieved by a phase III randomized trial demonstrating that 
doublet chemotherapy with GEM plus cisplatin improved the 
OS by 3.6 months vs. GEM alone (2). However, the median 
OS with GEM plus cisplatin is 11.7 months, and appropriate 
third-line chemotherapy following GEM (plus cisplatin) and 
5-FU is currently unavailable for the treatment of patients with 
BTC.

Paclitaxel (PTX) is an anticancer agent (3) that stabi-
lizes polymerized microtubules and enhances microtubule 
assembly, arresting the cell cycle in G0/G1 and G2/M and 
leading to cell death (4,5). Low-dose PTX ameliorates tissue 
fibrosis by inhibiting the activity of the transforming growth 
factor (TGF)-β/Smad activity (6,7). Therefore, it was hypoth-
esized that PTX may be useful for the treatment of patients 
with BTC associated with tissue fibrosis.

It has been demonstrated that low-dose PTX inhibits the 
epithelial-to-mesenchymal transition (EMT) of cholangio-
carcinoma cells treated with TGF-β (8). Furthermore, we 
previously reported the response of a patient with gallbladder 
cancer with multiple liver metastases and stenosis of the bile 
duct to treatment with low-dose PTX as palliative chemo-
therapy following GEM and S-1 (oral prodrug of 5-FU) (9). 
Therefore, a phase I clinical trial was planned to determine the 
optimal dose of weekly low-dose PTX therapy as third-line 
chemotherapy for patients with BTC following failure of S-1 
and GEM (plus cisplatin).

Patients and methods

Patient selection. Patients with unresectable (locally advanced 
or with distant metastases) or postoperative recurrent BTC 
treated with GEM (plus cisplatin) and S-1 were considered 
eligible for the study. Other inclusion criteria were as follows: 
Age 20-80 years, Eastern Cooperative Oncology Group 
performance status ≤1 (ambulatory and capable of self‑care), 
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adequate renal function (normal serum creatinine and blood 
urea nitrogen levels), liver function [total bilirubin level, 
<2.5-times the upper limit of normal (ULN) or <3-times the 
ULN following biliary drainage, if the patient had jaundice 
and serum alanine aminotransferase and aspartate amino-
transferase levels <2.5-times the ULN or <3-times the ULN 
following biliary drainage, if the patient had jaundice], bone 
marrow reserve (white blood cell count, 4,000-12,000 mm3; 
neutrophil count, >2,000 mm3; platelet count, >100,000 mm3; 
and hemoglobin level >9.5 g/dl) and pulmonary function 
(PaO2, >70 mmHg). If a patient had a history of treatment 
for BTC, such treatment (tumor resection, chemotherapy, 
immunotherapy or radiotherapy) must have been discontinued 
≥2 weeks prior to enrolment.

The exclusion criteria were as follows: Pulmonary fibrosis 
or interstitial pneumonia, marked pleural or pericardial 
effusion or marked peripheral edema, severe heart disease, 
difficult‑to‑control diabetes mellitus, active infection, preg-
nancy or lactation, women of childbearing age who did not use 
effective contraception, severe drug hypersensitivity, severe 
neurological impairment or mental disorder, active concomi-
tant malignancy, previous history of PTX administration and 
other serious medical conditions.

Written informed consent was obtained from each patient 
prior to enrolment, and the study protocol was approved by the 
Institutional Review Board of Kanazawa University Hospital 
(UMIN ID: 000008148).

Study design. An open-label, single-center, non-randomized, 
dose-escalation phase I study was conducted. The laboratory 
tests to assess eligibility were completed within 7 days prior 
to commencing treatment. PTX was administered as a 60-min 
intravenous infusion on days 1, 8, 15 and 22 of each cycle. 
The cycle was repeated twice every 28 days. The dose of PTX 
was planned as follows: Level 1, 40 mg/m2; level 2,50 mg/m2 
(Fig. 1). If the treatment was deemed as effective after two 
cycles, PTX therapy was continued weekly or biweekly for as 
long as possible.

Definition of dose‑limiting toxicity (DLT) and maximum 
tolerated dose (MTD). DLT was determined during each 
treatment cycle and was defined according to the National 
Cancer Institute's Common Toxicity Criteria scale, version 
4.0 (http://ctep.cancer.gov/protocolDevelopment/elec-
tronic_applications/ctc.htm#ctc_40) as one or more of the 
effects attributable to the study drug as follows: i) Grade 3/4 
neutropenia complicated by fever; ii) grade 4 neutropenia for 
>4 days; iii) grade 4 thrombocytopenia; iv) any other grade 3/4 
non-hematological toxicity, apart from anorexia, nausea 
and vomiting in the absence of an appropriate antiemetic; 
and v) delay of recovery from treatment-related toxicity for 
>2 weeks. At least 3 patients were enrolled at each dose level. 
If DLT was observed after the first cycle in >2 patients, treat-
ment at that dose was discontinued. If DLT was observed after 
the first cycle in 1 patient, 3 additional patients were placed on 
that dose level. If only 1 of 6 patients experienced DLT, dose 
escalation was continued. The MTD of the combination was 
defined as the dose that produced DLT in >2 of the 6 patients 
or in the 3 initial patients. The recommended dose (RD) was 
defined as the dose one level below the MTD, considering 

toxicity and tolerability to outpatients. If level 2 was lower 
than the MTD, further dose escalation was not performed, and 
level 2 became the RD, as the intent was palliation.

Assessment of efficacy. Tumor response was evaluated 
according to the Response Evaluation Criteria in Solid 
Tumors (10). Complete response (CR) was defined as the 
disappearance of clinical evidence of the tumor. Partial 
response (PR) was defined as a ≥30% reduction in the sum of 
the products of two orthogonal diameters of all measurable 
lesions compared with the baseline values, with no evidence 
of new lesions. Stable disease (SD) was defined as <30% 
reduction or <20% increase in the sum of the products of two 
orthogonal diameters of all measurable lesions compared with 
baseline values, with no evidence of new lesions. Progressive 
disease (PD) was defined as ≥20% increase in the sum of the 
products of two orthogonal diameters of all measurable lesions 
compared with baseline values, the appearance of a new lesion, 
or deterioration of clinical status consistent with disease 
progression. To assess objective response, the patients were 
evaluated after two cycles of chemotherapy, and the concentra-
tions of the tumor markers carcinoembryonic antigen (CEA) 
and carbohydrate antigen (CA) 19-9 were measured before and 
after two treatment cycles.

Statistical analysis. The median survival time (MST) and 
OS were calculated from the treatment initiation until death 
from any cause and were determined using the Kaplan-Meier 
method. The significance of the differences in the data for 
CEA and CA19-9 concentrations were evaluated using the 
paired t-test after logarithmic transformation of the values 
and P<0.05 was considered to indicate statistically significant 
differences. The SPSS statistical package (version 19; SPSS 
Inc., Chicago, IL, USA) was used to conduct the analyses.

Results

Patient characteristics. Between October, 2012 and May, 
2013, a total of 6 patients (2 men and 4 women) diagnosed 
with BTC were enrolled in the present study. The patient char-
acteristics and the effects of treatment are listed in Table I. 
Cases 1-5 were patients with postoperative recurrent BTC 
and case 6 was a patient with locally advanced gallbladder 
cancer case with liver metastases. Treatment was performed 
at level 1 (40 mg/m2) and level 2 (50 mg/m2) for 3 patients. 
The response to treatment were as follows: PR, 3/6 (50.0%); 
SD, 2/6 (33.3%); and PD, 1/6 (16.7%). The disease control rate  
(PR + SD) was 83.3%. During the two courses of therapy, 
grade 1 or 2 adverse events were observed in all the patients; 
however, dose-limiting adverse events (grade 3 or 4) were 
not observed, and all the patients completed two courses 
of treatment. The adverse events were as follows: Hair loss 
(100.0%), anemia (83.3%), general malaise (66.7%), as well as 
thrombocytopenia, diarrhea and joint pain (16.7%). Significant 
neuropathy and neutropenia were not observed during the two 
treatment cycles (Table II).

The CEA concentrations prior to treatment were elevated 
to >5 IU/ml (normal, ≤5 IU/ml) in 4 of the 6 patients, and the 
CA-19-9 concentrations prior to treatment were elevated to 
>37 IU/ml (normal, ≤37 IU/ml) in 4 of the 6 patients. The CEA 
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and CA19-9 concentrations decreased in 4 and 2 patients, 
respectively, and the decrease in CEA concentration was 
significant (P=0.039) (Table III).

The OS and MST from treatment initiation until death were 
15.4 (range, 6.5-31.1) and 9.0 months, respectively (Fig. 1).

Discussion

The prognosis of patients with unresectable and recurrent 
BTC is very poor, and standard chemotherapy for patients 
with unresectable BTC was not available until the discovery 
of the increased efficacy of cisplatin plus GEM cited above (2). 
However, the median OS of patients treated with cisplatin 
plus GEM was reported to be only 11.7 months (2). 5-FU is a 

major drug used to treat hepatobiliary and pancreatic cancers; 
however, phase II studies of combinations primarily based on 
5‑FU regimens show little or no benefit in terms of survival 
and quality of life (11,12). S-1 is an oral prodrug of 5-FU 
that is widely used in Japan. In the phase III GEST trial, S-1 
achieved a favorable response and was not inferior to GEM 
in increasing the OS of patients with unresectable pancre-
atic cancer (13). Moreover, the JASPAC 01 trial found that 
S-1 prior to GEM is effective as adjuvant chemotherapy for 
resected pancreatic cancer (14). However, there is no available 
third-line chemotherapy following GEM (plus cisplatin) and 
5-FU for the treatment of patients with BTC.

PTX is isolated from the Western Yew, Taxus brevifolia (3). 
Similar to vinca alkaloids, PTX binds microtubules. However, 
while vinca alkaloids promote microtubule dissociation and 
disruption of the mitotic spindle, PTX promotes microtubule 
formation and stabilization. Retrospective studies, as well as 
phase I and II studies of PTX and docetaxel (taxanes) for the 
treatment of patients with pancreatic cancer and BTC (15-19), 
reported disease control rates of 33-57% when this regimen 
was used as first‑line chemotherapy.

PTX is attracting increasing attention for its effects on 
pathological conditions other than cancer. For example, 
PTX is incorporated into drug-eluting stents placed in coro-
nary arteries (20). Moreover, PTX ameliorates fibrosis in 

Table I. Patient characteristics and treatment effects.

    Dose Treatment TTF
No. Age, yrs Gender Primary tumor (mg/m2) effect (months)

1 73 Female Gallbladder 40 PR   4
2 65 Female Intrahepatic bile duct 40 SD   9
3 79 Male Cystic duct 40 PR 14
4 80 Female Intrahepatic bile duct 50 PD   0
5 65 Male Hilar bile duct 50 SD   5
6 57 Female Gallbladder 50 PR   9

TTF, timetotreatment failure; PR, partial response; SD, stable disease; PD, progressive disease.

Table II. Adverse events.

Toxicity Grade 1/2, n (%) Grade 3/4

Neutropenia 0 (0.0) 0
Anemia 4 (66.7) 0
Thrombocytopenia 1 (16.7) 0
Anorexia 0 (0.0) 0
General malaise 4 (66.7) 0
Diarrhea 1 (16.7) 0
Neuropathy 0 (0.0) 0
Joint pain 1 (16.7) 0
Hair loss  6 (100.0) -

Table III. Transition of tumor markers.

 Prior to After two 
Tumor treatment treatment cycles 
markers (mean ± SE)  (mean ± SE) P-value

CEA (IU/ml) 27.8 (±12.6)   5.2 (±1.5) 0.039
CA19-9 (IU/ml) 349.2 (±322.9) 104.0 (±75.3) 0.908

SE, standard error; CEA, carcinoembryonic antigen; CA, carbohy-
drate antigen.

Figure 1. Overall survival (OS) curve for 6 patients with biliary tract cancer 
following induction using third-line chemotherapy with low-dose weekly 
paclitaxel. The OS and median survival from the start of treatment until 
death were 15.4 and 9.0 months, respectively.
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hepatic stellate cells and renal fibrosis through inhibition of 
TGF-β/Smad activity (6,7). Furthermore, PTX inhibits para-
crine TGF-β1 signaling between gallbladder epithelial cells 
and myofibroblasts (21).

PTX decreases interstitial fluid pressure and improves the 
oxygenation of breast cancer tissues in patients treated with 
neoadjuvant chemotherapy (22). To mitigate this problem, 
patients with hypoxic tumors, tumors with high interstitial fluid 
pressure, or both, were administered PTX chemotherapy (22). 
Thus, taxanes may be effective in treating hypoxic tumors, such 
as pancreatic cancer and BTC. For example, albumin-bound 
PTX + GEM therapy increases the treatment options for 
patients with pancreatic cancer (23), and this therapy causes 
stromal disrupting effects in these patients (24).

Taxane chemotherapy has been used to treat patients with 
GEM-refractory pancreatic cancer (25,26). Anticancer drugs, 
irradiation, hypoxia, malnutrition and heat induce EMT, which 
is associated with the invasive potential of cancer cells (27). 
The inhibitory effect of PTX on TGF-β/Smad activity contrib-
utes to the suppression of the EMT (8).

We previously reported that PTX was more effective in 
terms of time-to-treatment failure compared with GEM and 
S-1 for the treatment a patient with unresectable gallbladder 
cancer (9). Furthermore, low-dose PTX, which is associ-
ated with fewer side effects, should be used as palliative 
chemotherapy for patients with BTC; in addition, PTX was 
established as a palliative chemotherapy agent for treating 
patients with breast cancer (28). In the present phase I study, 
the efficacy and safety of weekly low‑dose PTX as third‑line 
chemotherapy for patients with BTC was demonstrated. The 
50 mg/m2 of PTX was not MTD after 8 weeks of adminis-
tration; however, a further dose increment, which would be 
required to treat patients with RD, was not pursued. The intent 
of this therapy was palliative, aimed to be administered for as 
long as possible, safe and painless; therefore, the appropriate 
dose of PTX was terminated at 50 mg/m2. This dose may be 
referred to as minimum effective dose and it may be applied in 
palliative treatment.

In conclusion, following failure of therapy with GEM and 
5-FU, palliative chemotherapy with low-dose PTX was found 
to be well-tolerated and safe, and may be effective for patients 
with unresectable or recurrent BTC. A future phase II study is 
required to confirm the effectiveness of low‑dose PTX in this 
setting.
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