
Abstract. This multicenter phase II clinical trial was
designed to evaluate the efficacy and safety of weekly
Genexol-PM® and gemcitabine combination chemotherapy
in patients with unresectable or metastatic biliary tract
cancer. Patients and Methods: Patients received 100
mg/m2 Genexol-PM® and 1,000 mg/m2 gemcitabine
intravenously on days 1 and 8 every 21 days. Results: Out
of 39 patients, there were 10 partial responses (25.6%)
and 18 with stable diseases (46.2%) were confirmed with
median response duration 4.1 months. The median
progression-free survival was 5.9±1.6 months and overall
survival 11.9±1.4 months. The median number of cycles
administered was 4.0 (range=1-10). Grade 3 or more
neutropenia occurred in 12 patients (26.7%). The most
common grade 3/4 non-hematological toxicities were
febrile neutropenia (13.4%) and elevation of liver enzymes
(6.7%). Conclusion: Weekly Genexol-PM® combined with
gemcitabine demonstrated sufficient antitumor activity to

warrant further development when used as first-line
chemotherapy for advanced biliary tract cancer.

Biliary tract cancer (BTC) includes carcinomas of the
gallbladder and intra- and extra-hepatic bile ducts. It is a rare
malignancy, and approximately  10,000 new cases are
diagnosed annually in the United states and Europe (1). In
Korea, crude incidence rate of BTC was reported to be
approximately 11 patients per 100,000 population in 2016 (2).
Most BTCs are detected at an advanced, unresectable stage
and associated with a poor prognosis. Surgical resection is
very complex procedure and relapse rate is very high (3-5).
Untreated patients with advanced disease have a short
survival of 3-4 months (3). Patients with advanced BTC are
usually treated with chemotherapy such as gemcitabine,
fluorouracil (5-FU) and cisplatin, often in combination.
Response rates range from 20-40%, leading to a median
overall survival (OS) of 8 to 14 months (4, 6). No standard
chemotherapy was established for patients with unresectable
BTC until the phase III randomized trial of gemcitabine alone
versus gemcitabine plus cisplatin; the chemotherapy doublet
improved OS by 3.6 months (4). However, the median OS
with gemcitabine and cisplatin combination remains less than
1 year (11.7 months). Due to the moderate activity of the
current standard gemcitabine-based regimens, improved
therapeutic options are greatly needed. 

There have been previous retrospective studies and phase
I and II studies of paclitaxel and docetaxel for pancreatic
cancer and BTC (7-11). Nab-paclitaxel, an albumin-bound
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formulation of paclitaxel particles, in combination with
gemcitabine, led to a 48% response rate with a median OS
of 12.2 months in patients with advanced pancreatic cancer
(12). As a result of this improvement in pancreatic cancer,
we initiated a multicenter phase II trial to determine the
efficacy of a novel paclitaxel formulation and gemcitabine
combination in patients with advanced BTC.

Since paclitaxel is a hydrophobic molecule, it can be
combined with the micelle-forming vehicle CremophorEL
(CrEL, BASF SE, Ludwigshafen, Germany) to enhance its
solubility (13). CrEL, however, has been associated with
hypersensitivity reactions. Despite routine pre-medication,
minor hypersensitivity reactions occur in 10-44% of patients
treated with paclitaxel-CrEL, with 1-3% of patients
experiencing potentially life-threatening reactions (14, 15).
In addition, paclitaxel must be prepared in a glass bottle, or
in a non-polyvinyl chloride infusion set with an in-line filter
to prevent leaching by CrEL of di-(2-ethylhexly) phthalate,
a potential hepatotoxin, carcinogen, and mutagen (16, 17).
Furthermore, CrEL significantly alters the pharmacokinetics
of paclitaxel, making its bio-distribution less effective and
less reliable (18).

Genexol-PM® (Samyang Co., Seoul, Korea) is a novel
paclitaxel formulation using biodegradable block
copolymers as solubilizer to form polymeric micelles (19,
20). In vivo, Genexol-PM® showed greater antitumor
activity and much higher concentrations in tissues,
including tumors, than did paclitaxel. In addition, leaching
of plasticizer from infusion sets was significantly lower
with Genexol-PM® than with CrEL-based paclitaxel (21).
A phase I study in which Genexol-PM® was administered
intravenously for 3 hours every 3 weeks, showed that the
maximum tolerated dose was 390 mg/m2 and that 
300 mg/m2 was the recommended dose for phase II
studies, higher than the dose of CrEL-based paclitaxel
administered during 3-week regimens (175 mg/m2) (19).
Dose-limiting toxicities of Genexol-PM® were found to
include neuropathy, myalgia, and neutropenia, with no
hypersensitivity reactions observed in the absence of pre-
medication. At the phase II recommended dose, Genexol-
PM® had promising activity with a low incidence and
severity of toxicities when administered as monotherapy
in patients with metastatic breast cancer and in
combination with cisplatin in patients with non-small cell
lung cancer (22, 23). Gemcitabine has been extensively
evaluated in patients with advanced BTC (24, 25). The
response rates with single-agent gemcitabine have varied
in the range of 0-30%, with median OS times in the range
of 5-14 months (26, 27). We performed a multicenter
phase II trial to investigate the efficacy and safety of
weekly Genexol-PM® and gemcitabine combination
chemotherapy for the treatment of patients with
unresectable or metastatic BTC.

Patients and Methods

Patient characteristics. Eligible patients had histologically
confirmed measurable, unresectable or metastatic BTC that was not
amenable to definite regional/local therapy. Additional inclusion
criteria included an Eastern Cooperative Oncology Group (ECOG)
performance status of 0-2, age ≥18 years, adequate bone marrow
reserve (defined as absolute neutrophil count (ANC) ≥1,500/μl;
platelet count ≥100,000/μl), adequate liver function (bilirubin
≤2×upper limit of normal (ULN); alanine transferase/alanine
aminotransferase (AST/ALT) ≤2.5×ULN, or AST/ALT ≤5×ULN if
liver function abnormalities are related to the underlying BTC), and
adequate kidney function (creatinine ≤1.5×ULN). Patients were
ineligible if they had received chemotherapy or radiotherapy within
4 weeks before entry into the study, or had other severe comorbid
conditions, CNS metastasis, and a history of other malignancies
(except for treated non-melanomatous skin cancer, carcinoma in situ
of the cervix, or clinically non-significant prostate cancer),
peripheral sensory/motor neuropathy grade 2 or more, or any serious
medical condition that would impair their ability to be treated per
protocol. Patients were excluded if they received drugs with
potential interactions with experimental drugs. This study was
conducted at six centers in accordance with the Declaration of
Helsinki and Good Clinical Practice, Guidelines of the International
Conference on Harmonization. The institutional review board of
each author’s institution approved the protocol, and all patients
provided written informed consent.

Study design and patient treatment. Gemcitabine (1,000 mg/m2)
followed by Genexol-PM® (100 mg/m2) diluted in 500 ml of 5%
dextrose solution were administered intravenously for 1 h on days
1 and 8 of a 21-day cycle. Specialized infusion sets or in-line filters
were not required for administration. Blood counts were checked
every week and a metabolic panel was checked every first day of
each cycle during treatment. Pre-medication to prevent
hypersensitivity was not routinely recommended by the protocol,
but was permitted after the first cycle at the discretion of the
investigator. Granulocyte colony-stimulating factor was not
administered prophylactically. Treatment was repeated every 3
weeks until disease progression, unacceptable toxicity, or patient
withdrawal. Patients who achieved stable disease or better response
were allowed to continue treatment after six cycles, as decided by
the patient or physician and after considering the potential benefits
versus adverse events. Patients were allowed a maximum 10 cycles
of chemotherapy. Treatment was delayed if ANC was <1,500/μl or
if the platelet count was <100,000/μl on the first day of the
subsequent cycle. Safety assessments were based on physical
examinations, vital signs and laboratory tests, performance status,
symptoms/toxicity and adverse events; treatment could be withheld
for up to 2 weeks. If adverse events did not improve to grade 0 or
1 after 2 weeks, the patients were excluded from the study.

Dose modification. For hematological toxicity, a dose modification
for the next cycle was decided by the nadir count of the previous
cycle. Genexol-PM® and gemcitabine were simultaneously reduced
to 20% in patients with neutropenic fever, grade 4 hematological
toxicities, or grade 3 or 4 non-hematological toxicities. A maximum
of two dose reductions up to 40% were allowed; any patient who
required a third dose reduction was removed from the study. On day
8, both drugs were omitted for those presenting with grade 4
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neutropenia, grade 3/4 thrombocytopenia, neutropenic fever, or
severe hemorrhage. On day 8, for patients with grade 3 neutropenia
or grade 2 thrombocytopenia, the dose of study drugs was reduced
by 20%. For non-hematological toxicity, the doses of both agents
were reduced by 20% after the first appearance of grade 2 toxicity.
In the case of grade 3 or 4 toxicity, the doses of both drugs were
reduced by 40% or withheld. If grade 2 or 3 peripheral neuropathy
developed, the next dose was delayed for a maximum of 2 weeks;
if neuropathy resolved to grade 1 or better, Genexol-PM® was
administered at a reduced dose.

Patient evaluations and follow-up. Baseline evaluation included
complete history and physical examination, comprising: height,
weight, and body surface area; assessment of ECOG performance
status; blood analysis including a complete blood count (CBC),
blood chemistry, and electrolytes; pregnancy test in women of
childbearing age; baseline abdominal and pelvic or chest computed
tomography scan or magnetic resonance imaging within 2 weeks
prior to study entry; and bone scan if needed. Tumor size was
measured every two cycles and response was assessed using
Response Evaluation Criteria in Solid Tumors (RECIST) v. 1.1 (28).
In addition to a baseline/screening scan, confirmatory scans were
obtained 4 weeks following initial documentation of either an
objective response or a progression disease (PD). Safety was
assessed on day 1 of each cycle. Each safety evaluation included a
history, physical examination, CBC, blood chemistry, and
electrolytes. Toxicities were graded according to the National
Cancer Institute Common Terminology Criteria of Adverse Events
version 3.0.(29). Dose intensity was defined as the total amount of
drug given (mg/m2) divided by the number of weeks given.

Statistical methods. The primary endpoint was the objective tumor
response rate (RR); and secondary endpoints included time to
progression (TTP), OS and safety. Sample size was determined
according to a Simon optimum 2-stage design (28). Assuming an
objective response rate of ≤10% as the null hypothesis (considered
unacceptable), as opposed to the alternative hypothesis of RR ≥25%
(considered promising), a power of 80% and a two-sided
significance level of 5%, 18 evaluable patients were enrolled in the
first stage, and a minimum of three responses were required to open
the second stage. A total of 41 evaluable patients were required.
Assuming a drop-out rate of 10%, 45 patients were required. TTP
and OS were defined as the times from first dose administration to
first documented objective tumor progression or death from any
cause, respectively. Actuarial TTP and OS analysis and comparisons
were performed using the Kaplan-Meier method and the log-rank
test. Categorical variables were compared using χ2 or Fisher’s exact
tests, as appropriate. Two-sided p-values of less than 0.05 were
considered statistically significant. SPSS, version 12.0 (SPSS, Inc.,
Chicago, IL, USA) was used for all statistical analyses.

Results

Patient characteristics. Between March 2010 and June 2011,
45 patients, 33 males (73.3%) and 12 females (26.7%), were
enrolled in this study from six centers (33 with
cholangiocarcinoma and 12 with gallbladder carcinoma).
Four patients experienced early disease progression and two
patients refused the treatment protocol, therefore 39 out of

45 patients were available for the evaluation. Patient
characteristics are presented in Table I. Prior therapies
included surgery in 15 patients and oral 5-fluorouracil (5-
FU) chemotherapy in two. No patient received prior
radiation therapy.

Efficacy. One hundred and ninety-nine cycles were
administered; the median number of cycles administered was
4.0 with a range of 1 to 10 cycles. There was no complete
remissions; however, 10 (25.6%) patients achieved partial
remission and 18 (46.2%) reached disease stabilization. The
response characteristics are shown in Table II. The overall
response rate was 25.6% and the disease control rate was
71.8%. The median TTP and OS was 5.9±1.6 [95%
confidence interval (CI)=2.7-9.1] months and 11.9±1.4 (95%
CI=9.1-14.7) months respectively (Figure 1). Sixteen patients
(35.6%) received a second-line therapy, such as 5-
FU/cisplatin (six patients), 5-FU/leucovorin/oxaliplatin (three
patients), capecitabine/cisplatin (one patient), 5-FU (one
patient), TS-1 (one patient), tegafur-uracil (one patient) and
radiation (two patients). Thirty-nine patients had died at the
time of the final evaluation. 

Grade 3 hematological toxicities occurred infrequently
during therapy (Table III). Grade 3 and 4 leukopenia was
reported in six and five (13.3/11.1%) patients respectively,
grade 3 thrombocytopenia in three (6.7%) patients, and grade
3/4 anemia in one (2.2%) patient (Table III).
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Figure 1. Kaplan–Meier curves for median time-to-progression (TTP)
and overall survival (OS). The median TTP was 5.9±1.6 (95%
confidence interval=2.7-9.1) months and OS was11.9±1.4 (95%
confidence interval=9.1-14.7) months.



Drug exposure and safety. A total of two (4.4%) patients had
grade 3/4 fatigue and three (6.7%) had grade 3 hepatitis,
which resulted in a 25% dose reduction of each agent in
these patients. Two patients had a dose delay of 1 week until
leucopenia resolved, and the two patients with hepatitis had

dose delays of 1 week, respectively. The most common
serious adverse event was neutropenic fever (six
patients).The mean doses of Genexol-PM® and gemcitabine
were 96.8 mg/m2/cycle and 953.0 mg/m2/cycle, which were
96.8% and 95.3% of the planned protocol dose-intensities,
respectively,

Discussion

Surgical resection remains the treatment of choice for
patients with advanced BTC and the management of BTC
has become multidisciplinary, with improvements in
systemic chemotherapy (30) but there are no conclusive
data to support the routine use of chemotherapy in patients
diagnosed with locally advanced, inoperable, recurrent or
metastatic disease. These clinical trial data provide
evidence that Genexol-PM® plus gemcitabine could be an
effective treatment option for locally advanced or
metastatic biliary tract cancer. This phase II study
examined the safety and efficacy of Genexol-PM® in
combination with gemcitabine in patients with advanced
BTC. The study was designed as a prospective, multi-
center, phase II study. Approximately 10% of patients had
locally advanced BTC and 90% had metastases, with an
ECOG performance grade 0-1 in the vast majority and
grade 2 in up to 20%, similar to the patient populations in
other studies of advanced BTC (4). 

Patients treated with Genexol-PM® plus gemcitabine
lived an average of 9.5 months. In this phase II study, the
disease control rate was 62.2%. This benefit was achieved
with the use of an outpatient schedule, and adverse events
were similar to those of gemcitabine-based regimens (4).
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Table I. Characteristics of patients with TNM stage IV biliary tract
cancer included in the study (n=45).

Characteristic                                              Number of patients, n=45

Median age (range), years                                     63.0 (40-74)
Male/Female n (%)                                            33/12 (73.3/26.7)
Mean height (range), cm                                    161.5 (144~175)
Mean weight (range), kg                                   59.9 (43.4~101.0)
ECOG performance status                                         n (%)
    0                                                                              1 (2.2)
    1                                                                            35 (77.8)
    2                                                                             9 (20.0)
Primary site 
    Intrahepatic bile duct                                           29 (64.4)
    Distal bile duct                                                       1 (2.2)
    Perihilar bile duct                                                  3 (6.7)
    Gallbladder                                                            12 (26.7)
Prior surgery 
    Yes                                                                        15 (33.3)
    No                                                                         30 (66.7)
Metastatic sites 
    Lymph node                                                         23 (51.1)
    Liver                                                                     16 (35.6)
    Bone                                                                       4 (8.9)
    Lung                                                                     10 (22.2)
    Peritoneum                                                            7 (15.6)
    Anterior mediastinum                                            1 (2.2)
    Prostate                                                                   1 (2.2)
    Rectum                                                                   1 (2.2)
    Right chest wall                                                     1 (2.2)
Secondary regimen 
    5-FU/cisplatin                                                        6 (13.3)
    FOLFOX                                                                 3 (6.7)
    Xeloda/cisplatin                                                      1 (2.2)
    TS1/cisplatin                                                           1 (2.2)
    5-FU                                                                       1 (2.2)
    TS-1                                                                        1 (2.2)
    UFT                                                                        1 (2.2)
    Radiation                                                                2 (4.4)

5-FU: 5-Fluorouracil; FOLFOX, folinic acid, 5-fluorouracil, oxaliplatin;
TS-1, tegafur, gimeracil and oteracil potassium; UFT, tegafur-uracil.

Table II. Response rate to therapy.

Response                                            Number of patients (%)

Partial response                                            10 (22.2)
Stable disease                                               18 (40.0)
Progressive disease                                       11 (24.4)
Not assessable                                                6 (13.4)

Table III. Adverse reactions experienced by patients in this study (n=45)
according to Common terminology criteria for adverse events v3.0. (29)

                                                                    Grade (%)

Adverse reaction                   1                   2                 3                  4

Hematological                                                                                    
   Anemia                          16 (35.6)     10 (22.2)      1 (2.2)         1 (2.2)
   Leukopenia                      5 (11.1)                           6 (13.3)       5 (13.3)
   Neutropenia                     5 (11.1)        3 (6.7)        8 (17.8)       4 (8.9)
   Thrombocytopenia          5 (11.1)        6 (13.3)      3 (6.7)            
Non-hematological                                                                            
   Vomiting                          1 (2.2)          1 (2.2)                               
   Fatigue                                                                    1 (2.2)         1 (2.2)
   Rising LFT                      6 (13.3)        2 (4.4)        3 (6.7)            
   Diarrhea                           2 (4.4)          3 (6.7)                               
   Peripheral neuropathy     2 (4.4)          1 (2.2)                               
   Febrile neutropenia                                                 3 (6.7)         3 (6.7)

LFT, Liver function test.



A general review in 2005 identified 13 studies using
gemcitabine alone or in combination with other agents
(31). Three of these studies involved the use of a cisplatin
plus gemcitabine regimen and led to median survivals of
4.6, 6.5, and 10.4 months (31). In a phase I/II trial
involving advanced pancreatic cancer, intratumoral
concentration of gemcitabine was increased by 2.8-fold in
mice receiving nab-paclitaxel plus gemcitabine versus
those receiving gemcitabine alone. In the French Biliary
Cancers: EGFR Inhibitor, Gemcitabine and Oxaliplatin
(BINGO) trial received gemcitabine plus oxaliplatin with
or without cetuximab (32). The investigators reported a 4-
month progression-free survival rates of 50% in the
gemcitabine–oxaliplatin group and 61% in the
gemcitabine–oxaliplatin plus cetuximab group. These
findings compare with a 4-month progression-free survival
rate of approximately 64% in our clinical trial. In
colorectal cancer, KRAS or BRAF mutations are the
predictive marker but the BINGO trial did not show
correlation between mutation status and outcome, and
activity did not seem to correlate with overexpression or
intensity of cetuximab-induced rash (32). We studied about
prognostic marker with immunohistochemical studies for
mucin expression. The expression of membranous mucin
(especially MUC4) is related to invasive proliferation of
tumors and a poor outcome for patients (33). The
expression of MUC4 has been reported to be a candidate
for a tumor marker of BTC (34). We tested MUC4 stain in
23 patients; only four patients were positive for MUC4
expression. MUC4-positive patients had shorter survival
compared MUC4-negative patients but this was not
significantly different (p=0.287). We tested a small
number of patients hence this needs further evaluation.

In the ABC-02 trial, the progression free survival in the
cisplatin-gemcitabine group was 8.0 months and that in
our clinical trial was 5.9 months. The median OS in their
cisplatin-gemcitabine group was 11.7 months, as
compared to our clinical trial of 9.5±1.3 months, but the
ABC-02 trial included a higher frequency of patients with
locally advanced-stage cancer (n=104, 34%) compared
with our clinical trial (only stage IV metastatic stage).
ABC-02 trial showed that the cisplatin-gemcitabine
combination chemotherapy group was associated with
more favorable OS in patients with locally advanced
diseased compared with those with metastatic disease
(hazard ratio=0.47 vs. 0.74). Genexol-PM® plus
gemcitabine appeared to provide a survival benefit to
patients with advanced BTC.

In the ABC-01 trial, there was an increase in grade 3 or
4 fatigue in patients who received cisplatin plus gemcitabine
(28.6%, vs. 9.1% in the gemcitabine-only group) (30). In the
ABC-02 trial, patients who received gemcitabine plus
cisplatin had a significantly increased incidence of grade 3

or 4 neutropenia (55.3%, p=0.03) but, the study of Genexol-
PM® in combination with gemcitabine had only a 26.7%
rate of grade 3 or 4 neutropenia. Maintenance of normal
liver function was critical in patients with advanced BTC
because it enabled systemic chemotherapy to continue
without major delay, potentially avoiding life threatening
biliary sepsis or liver failure. In patients with adverse
reaction and presenting with grade 3 hepatitis, we reported
a very low incidence of 6.7%.

Conclusion

This study shows a significant survival advantage with use
of Genexol-PM® plus gemcitabine in patients with advanced
BTC, without severe side-effects. Genexol-PM® plus
gemcitabine is an appropriate option for the treatment of
these patients and additional phase III randomized clinical
trials are warranted for BTC. 

Conflicts of Interest
The Authors declare that they have no conflict of interest in regard
to this study.

Acknowledgements

Genexol-PM® was provided by Samyang Corporation (Jongno,
Seoul, South Korea).

References
1 Siegel RL, Miller KD and Jemal A: Cancer Statistics, 2017. CA

Cancer J Clin 67: 7-30, 2017.
2 Jung KW, Won YJ, Oh CM, Kong HJ, Cho H, Lee JK, Lee DH

and Lee KH: Prediction of Cancer Incidence and Mortality in
Korea, 2016. Cancer Res Treat 48: 451-457, 2016.

3 Eckmann KR, Patel DK, Landgraf A, Slade JH, Lin E, Kaur H,
Loyer E, Weatherly JM and Javle M: Chemotherapy outcomes
for the treatment of unresectable intrahepatic and hilar
cholangiocarcinoma: a retrospective analysis. Gastrointest
Cancer Res 4: 155-160, 2011.

4 Valle J, Wasan H, Palmer DH, Cunningham D, Anthoney A,
Maraveyas A, Madhusudan S, Iveson T, Hughes S, Pereira SP,
Roughton M, Bridgewater J and Investigators ABCT: Cisplatin
plus gemcitabine versus gemcitabine for biliary tract cancer. N
Engl J Med 362: 1273-1281, 2010.

5 Peixoto RD, Renouf D and Lim H: A population based analysis
of prognostic factors in advanced biliary tract cancer. J
Gastrointest Oncol 5: 428-432, 2014.

6 Sasaki T, Isayama H, Yashima Y, Yagioka H, Kogure H, Arizumi
T, Togawa O, Matsubara S, Ito Y, Nakai Y, Sasahira N, Hirano
K, Tsujino T, Tada M, Kawabe T and Omata M: S-1
monotherapy in patients with advanced biliary tract cancer.
Oncology 77: 71-74, 2009.

7 Fountzilas G, Papadimitriou C, Dafni U, Bafaloukos D, Skarlos
D, Moulopoulos LA, Razis E, Kalofonos HP, Aravantinos G,
Briassoulis E, Papakostas P, Abela K, Gogas E, Kosmidis P,

Kim et al: Clinical Trial of Advanced Biliary Tract Cancer

1471



Pavlidis N and Dimopoulos MA: Dose-dense sequential
chemotherapy with epirubicin and paclitaxel versus the
combination, as first-line chemotherapy, in advanced breast
cancer: a randomized study conducted by the Hellenic
Cooperative Oncology Group. J Clin Oncol 19: 2232-2239,
2001.

8 Okada S, Sakata Y, Matsuno S, Kurihara M, Sasaki Y, Ohashi Y
and Taguchi T: Phase II study of docetaxel in patients with
metastatic pancreatic cancer: a Japanese cooperative study.
Cooperative Group of Docetaxel for Pancreatic Cancer in Japan.
Br J Cancer 80: 438-443, 1999.

9 Kulke MH, Demetri GD, Sharpless NE, Ryan DP, Shivdasani R,
Clark JS, Spiegelman BM, Kim H, Mayer RJ and Fuchs CS: A
phase II study of troglitazone, an activator of the PPARgamma
receptor, in patients with chemotherapy-resistant metastatic
colorectal cancer. Cancer J 8: 395-399, 2002.

10 Burton C and Harris KP: The role of proteinuria in the
progression of chronic renal failure. Am J Kidney Dis 27: 765-
775, 1996.

11 Maeda S, Motoi F, Onogawa T, Morikawa T, Shigeru O, Sakata
N, Takadate T, Naitoh T, Rikiyama T, Katayose Y, Egawa S and
Unno M: Paclitaxel as second-line chemotherapy in patients with
gemcitabine-refractory pancreatic cancer: a retrospective study.
Int J Clin Oncol 16: 539-545, 2011.

12 Ramanathan RK, Abbruzzese J, Dragovich T, Kirkpatrick L,
Guillen JM, Baker AF, Pestano LA, Green S and Von Hoff DD:
A randomized phase II study of PX-12, an inhibitor of
thioredoxin in patients with advanced cancer of the pancreas
following progression after a gemcitabine-containing
combination. Cancer Chemother Pharmacol 67: 503-509, 2011.

13 Gelderblom H, Verweij J, Nooter K and Sparreboom A:
Cremophor EL: the drawbacks and advantages of vehicle selection
for drug formulation. Eur J Cancer 37: 1590-1598, 2001.

14 Kintzel PE: Prophylaxis for paclitaxel hypersensitivity reactions.
Ann Pharmacother 35: 1114-1117, 2001.

15 Kloover JS, den Bakker MA, Gelderblom H and van Meerbeeck
JP: Fatal outcome of a hypersensitivity reaction to paclitaxel: a
critical review of premedication regimens. Br J Cancer 90: 304-
305, 2004.

16 Ganning AE, Brunk U and Dallner G: Phthalate esters and their
effect on the liver. Hepatology 4: 541-547, 1984.

17 Waugh WN, Trissel LA and Stella VJ: Stability, compatibility,
and plasticizer extraction of taxol (NSC-125973) injection
diluted in infusion solutions and stored in various containers.
Am J Hosp Pharm 48: 1520-1524, 1991.

18 van Zuylen L, Karlsson MO, Verweij J, Brouwer E, de Bruijn P,
Nooter K, Stoter G and Sparreboom A: Pharmacokinetic
modeling of paclitaxel encapsulation in Cremophor EL micelles.
Cancer Chemother Pharmacol 47: 309-318, 2001.

19 Kim TY, Kim DW, Chung JY, Shin SG, Kim SC, Heo DS, Kim
NK and Bang YJ: Phase I and pharmacokinetic study of
Genexol-PM, a cremophor-free, polymeric micelle-formulated
paclitaxel, in patients with advanced malignancies. Clin Cancer
Res 10: 3708-3716, 2004.

20 Andrews DW, Resnicoff M, Flanders AE, Kenyon L, Curtis
M, Merli G, Baserga R, Iliakis G and Aiken RD: Results of a
pilot study involving the use of an antisense
oligodeoxynucleotide directed against the insulin-like growth
factor type I receptor in malignant astrocytomas. J Clin Oncol
19: 2189-2200, 2001.

21 Kim SC, Yoon HJ, Lee JW, Yu J, Park ES and Chi SC:
Investigation of the release behavior of DEHP from infusion sets
by paclitaxel-loaded polymeric micelles. Int J Pharm 293: 303-
310, 2005.

22 Kim DW, Kim SY, Kim HK, Kim SW, Shin SW, Kim JS, Park
K, Lee MY and Heo DS: Multicenter phase II trial of Genexol-
PM, a novel Cremophor-free, polymeric micelle formulation of
paclitaxel, with cisplatin in patients with advanced non-small-
cell lung cancer. Ann Oncol 18: 2009-2014, 2007.

23 Lee KS, Chung HC, Im SA, Park YH, Kim CS, Kim SB, Rha
SY, Lee MY and Ro J: Multicenter phase II trial of Genexol-PM,
a Cremophor-free, polymeric micelle formulation of paclitaxel,
in patients with metastatic breast cancer. Breast Cancer Res
Treat 108: 241-250, 2008.

24 Burris HA, 3rd, Moore MJ, Andersen J, Green MR, Rothenberg
ML, Modiano MR, Cripps MC, Portenoy RK, Storniolo AM,
Tarassoff P, Nelson R, Dorr FA, Stephens CD and Von Hoff DD:
Improvements in survival and clinical benefit with gemcitabine
as first-line therapy for patients with advanced pancreas cancer:
a randomized trial. J Clin Oncol 15: 2403-2413, 1997.

25 Oettle H, Post S, Neuhaus P, Gellert K, Langrehr J, Ridwelski
K, Schramm H, Fahlke J, Zuelke C, Burkart C, Gutberlet K,
Kettner E, Schmalenberg H, Weigang-Koehler K, Bechstein
WO, Niedergethmann M, Schmidt-Wolf I, Roll L, Doerken B
and Riess H: Adjuvant chemotherapy with gemcitabine vs.
observation in patients undergoing curative-intent resection of
pancreatic cancer: a randomized controlled trial. JAMA 297:
267-277, 2007.

26 Gebbia V, Giuliani F, Maiello E, Colucci G, Verderame F,
Borsellino N, Mauceri G, Caruso M, Tirrito ML and Valdesi M:
Treatment of inoperable and/or metastatic biliary tree carcinomas
with single-agent gemcitabine or in combination with levofolinic
acid and infusional fluorouracil: results of a multicenter phase
II study. J Clin Oncol 19: 4089-4091, 2001.

27 Penz M, Kornek GV, Raderer M, Ulrich-Pur H, Fiebiger W,
Lenauer A, Depisch D, Krauss G, Schneeweiss B and Scheithauer
W: Phase II trial of two-weekly gemcitabine in patients with
advanced biliary tract cancer. Ann Oncol 12: 183-186, 2001.

28 Eisenhauer EA, Therasse P, Bogaerts J, Schwartz LH, Sargent
D, Ford R, Dancey J, Arbuck S, Gwyther S, Mooney M,
Rubinstein L, Shankar L, Dodd L, Kaplan R, Lacombe D and
Verweij J: New response evaluation criteria in solid tumours:
revised RECIST guideline (version 1.1). Eur J Cancer 45: 228-
247, 2009.

29 Trotti A, Colevas AD, Setser A, Rusch V, Jaques D, Budach V,
Langer C, Murphy B, Cumberlin R and Coleman CN: CTCAE
v3. 0: development of a comprehensive grading system for the
adverse effects of cancer treatment. Semin Radiat Oncol 13:
176-181, 2003.

30 Valle JW, Wasan H, Johnson P, Jones E, Dixon L, Swindell R,
Baka S, Maraveyas A, Corrie P, Falk S, Gollins S, Lofts F,
Evans L, Meyer T, Anthoney A, Iveson T, Highley M, Osborne
R and Bridgewater J: Gemcitabine alone or in combination with
cisplatin in patients with advanced or metastatic
cholangiocarcinomas or other biliary tract tumours: a multicentre
randomised phase II study - The UK ABC-01 Study. Br J Cancer
101: 621-627, 2009.

31 Dingle BH, Rumble RB, Brouwers MC and Cancer Care
Ontario’s Program in Evidence-Based Care’s Gastrointestinal
Cancer Disease Site G: The role of gemcitabine in the treatment

ANTICANCER RESEARCH 37: 1467-1474 (2017)

1472



of cholangiocarcinoma and gallbladder cancer: a systematic
review. Can J Gastroenterol 19: 711-716, 2005.

32 Malka D, Trarbach T, Fartoux L, Mendiboure J, de la
Fouchardiere C, Viret F, Assenat E, Boucher E, Rosmorduc O
and Greten T: A multicenter, randomized phase II trial of
gemcitabine and oxaliplatin (GEMOX) alone or in combination
with biweekly cetuximab in the first-line treatment of advanced
biliary cancer: interim analysis of the BINGO trial. Journal of
Clinical Oncology 27: 4520-4520, 2009.

33 Tamada S, Shibahara H, Higashi M, Goto M, Batra SK, Imai K
and Yonezawa S: MUC4 is a novel prognostic factor of
extrahepatic bile duct carcinoma. Clin Cancer Res 12: 4257-
4264, 2006.

34 Shibahara H, Tamada S, Higashi M, Goto M, Batra SK,
Hollingsworth MA, Imai K and Yonezawa S: MUC4 is a novel
prognostic factor of intrahepatic cholangiocarcinoma-mass
forming type. Hepatology 39: 220-229, 2004.

Received December 12, 2016
Revised February 7, 2017

Accepted February 13, 2017

Kim et al: Clinical Trial of Advanced Biliary Tract Cancer

1473


