rate ranging from 24 to 27%) or pancreatic head adenocarcin-
omas (5-year survival rate around 15%) (2—6). However, for
patients with advanced disease, an accurate prognosis cannot
be made because of the lack of reliable data, with the excep-
tion of one retrospective study that examined the outcome of
systemic chemotherapy in 29 patients with advanced ampul-
lary adenocarcinoma (7). Because of the rarity of this disease,
advanced adenocarcinomas are often treated using regimens
designed for biliary tract adenocarcinomas or small bowel
adenocarcinomas. The The National Comprehensive Cancer
Network (NCCN) guidelines recommend that small bowel
adenocarcinomas be treated with systemic chemotherapy
according to the colon cancer guidelines which recommend
folinic acid, 5-FU and oxaliplatin (FOLFOX) or folinic acid,
5-FU and irinotecan (FOLFIRI) 4 bevacizumab as the initial
therapy. Meanwhile, the NCCN guidelines recommend that
biliary tract adenocarcinomas should be treated with gemcita-
bine (GEM) + cisplatin (CDDP) combination therapy.
However, whether advanced ampullary adenocarcinomas
should be treated as biliary tract adenocarcinomas or as small
bowel adenocarcinomas remain uncertain. Additionally,
ampullary adenocarcinomas can be separated into two histo-
logical phenotypes, intestinal type and pancreatobiliary type
(8,9). However, no previous report has examined the outcome
of systemic chemotherapy analyzed according to the histo-
logical phenotypes of advanced ampullary adenocarcinomas.
The objective of the present study was to clarify (i) the treat-
ment outcome of systemic chemotherapy for advanced
ampullary adenocarcinomas, (ii) the difference in outcomes
according to the chemotherapeutic regimens, (iii) the difference
in outcomes according to the disease status and (iv) the differ-
ence in outcomes according to the adenocarcinoma phenotype.

PATIENTS AND METHODS
PATIENTS

We retrospectively reviewed the clinical data in our institu-
tion’s database and extracted patients who were diagnosed as
having advanced ampullary adenocarcinoma and who had
received systemic chemotherapy between January 1997 and
December 2010. Patients were eligible if they had a recurrent
or unresectable adenocarcinoma arising from the ampulla of
Vater. Written informed consent was obtained from all the
patients before treatment. This study was approved by the in-
stitutional review board of the National Cancer Center
Hospital (NCCH) of Japan and was performed in accordance
with the Declaration of Helsinki in 1964.

The following clinical characteristics of all the patients
with advanced ampullary adenocarcinoma were reviewed:
age, Eastern Cooperative Oncology Group (ECOG) perform-
ance status, tumor histology and adenocarcinoma phenotype.

CLASSIFICATION OF CHEMOTHERAPY REGIMENS

We examined the chemotherapy regimens and the treatment
outcome of systemic chemotherapy in patients with ampullary
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adenocarcinomas. The responses were evaluated according to
the Response Evaluation Criteria in Solid Tumors 1.0. We
classified the chemotherapy regimens into two types: 5-FU
based and GEM based. The chemotherapy regimens were
divided into two groups because GEM is a key drug for the
current treatment of biliary adenocarcinomas, while
S-fluorouracil (5-FU) has been widely used as a key drug for
gastrointestinal malignancies including biliary tract adenocar-
cinomas, colon adenocarcinomas and small bowel adenocar-
cinomas. In our hospital, 5-FU-based regimens were
frequently used in clinical trials (10,11) for advanced biliary

- tract adenocarcinomas, including ampullary adenocarcinomas,

or for clinical practical use before the recognition of GEM as
a key agent for the treatment of biliary tract adenocarcinomas.

IMMUNOHISTOCHEMISTRY

Paraffin-embedded materials from a series of pancreaticoduo-
denectomy specimens (n = 9) and a biopsy specimen (n = 1)
obtained at NCCH were used for the immunohistochemistry
(IHC) analysis. Specimens from the other patients (n = 16)
were not available for use at NCCH because the patients had
been pathologically diagnosed as having advanced ampullary
adenocarcinoma at another hospital.

For the IHC studies, the tissue sections were treated with
hydrogen peroxide to inactivate endogenous peroxidases after
deparaffinization in xylene and rehydration in ethanol. The
slides were placed in 10 mmol/l of citrate buffer at pH 6.0,
then autoclaved for antigen retrieval. The primary antibodies
were incubated overnight, and a secondary antibody was used
to detect protein expression using EnVision™ (Dako,
Glostrup, Denmark). Diaminobenzidine was used as the
chromogen, and the nuclei were counterstained with hema-
toxylin. The antibodies used in the analysis were as follows:
MUCI (Ma552, 1:100), MUC2 (Ccp58, 1:100), MUC5AC
(CLH2, 1:100), MUC6 (CLHS5, 1:100) and CD10 (56C6,
1:100) from Leica Biosystems (Newcastle Upon, Tyne, UK)
and CDX2 (CDX2-88, 1:100) from Biocare medical
(Concord, CA, USA). )

Two independent observers without prior knowledge of the
clinicopathological data scored the IHC findings; the presence
of positive cancer cells at any staining intensity and accounting
for >10% of the sample was considered a positive finding.

STATISTICAL ANALYSIS

The Fisher exact test was used to assess the hypothesis of in-
dependence between the categorical variables. For the quanti-
tative data such as age, we used the Mann—Whiney test.
Treatment outcomes were estimated as the response rate,
progression-free survival (PFS) and overall survival (OS).
PFS was defined as the time from the initiation of chemother-
apy to the confirmation of disease progression or death from
any cause. Patients who were lost to follow-up were treated as
censored observations. The OS period was defined as the time
from chemotherapy until the date of death or the most recent
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follow-up. Patients who were lost to follow-up were treated as
censored cases. Both the PFS and the OS were estimated using
the Kaplan—Meier method, and significance was determined
using the log-rank test. All the statistical analyses were per-
formed using StatView (Ver. 5.0; SAS, Inc., Tokyo, Japan).

RESULTS
PATIENT CHARACTERISTICS

We identified 28 patients with advanced ampullary adenocar-
cinoma who received non-surgical treatment between March
1997 and July 2010. The treatments consisted of chemother-
apy (n = 26) and best-supportive care (n = 2). Among the 26
patients who received chemotherapy, the median age of the
patients was 62.0 years (range, 48—79 years) and the ECOG
performance statuses were as follows: 18 patients with PS 0, 8
patients with PS 1, and 0 patients with PS 2—4. All the
patients had metastatic disease. The metastatic sites were the
liver (n = 17), lungs (n = 7), lymph nodes (n = 14), periton-
eum (n = 1), and pleura (# = 1). None of the patients had
locally advanced disease (Table 1). The chemotherapy regi-
mens consisted of 5-FU 4+ CDDP (n = 3), tegafur-uracil
(UFT) + doxorubicin (n = 5), tegafur, gimeracil and oteracil
potassium (S-1) (n = 3), GEM (» = 10) and GEM + CDDP
(n = 5). The median number of cycles of first-line chemother-
apy prescribed was 5-FU + CDDP in 5 (range 1-5), UFT +

Table 1. Patient characteristics

Variable No. of patients (%)
Age, median (range) 62.0 (48-79)
Sex

Male 15 (58)

Female 11 (42)
ECOGPS

0 18 (69)

1 8(31)

2—4 0(0)
Stage (UICC 7th edition)

v 12 (46)

Recurrence 14 (54)
Metastatic sites

Liver 17 (65)

Lymph node 14 (54)

Lungs 727)

Peritoneum 1(4)

Pleura 14

ECOG PS, Eastern Cooperative Oncology Group performance status; UICC,
the Union for International Cancer Control TNM Classification of Malignant
Tumors (7th edition).

doxorubicin in 3 (range 1—4), S-1 in 6 (range 2—11), GEM in 3
(range 1—11) and GEM + CDDP in 3 (range 1-9).

OuTcoME OF SYSTEMIC CHEMOTHERAPY FOR ADVANCED
AMPULLARY ADENOCARCINOMAS

The response to systemic chemotherapy was evaluated in 26
patients, and these responses are listed in Table 2. None of the
patients achieved a complete response. Two patients who
received 5-FU + CDDP and S-1 exhibited partial responses
and 18 patients achieved stable disease. The response rate
(CR + PR) was 7.7% [95% confidence interval (CI) = 0.95—
25.1%], and the disease control rate (CR 4+ PR + SD) was
76.9% (95% CI = 56.4—91.0%).

As shown in Fig. 1, the median PFS and the OS from the ini-
tiation of chemotherapy were 3.2 and 9.1 months, respectively.

TREATMENT OUTCOME ACCORDING TO TREATMENT REGIMENS

The chemotherapy regimens were classified into two groups:
the 5-FU group, consisting of 5-FU plus CDDP (n = 3), UFT
plus doxorubicin (z = 5) and S-1 alone (n = 3) and the GEM
group, consisting of GEM alone (» = 10) and GEM plus
CDDP (n = 5). In the 5-FU group, the median age of the
patients was 64.0 years and the ECOG performance statuses
were as follows: 8 patients (73%) with PS 0 and 3 patients
(27%) with PS 1. All the patients had metastatic lesion. In the
GEM group, on the other hand, the median age of the patients
was 66.0 years and the ECOG performance statuses were as
follows: 10 patients (67%) with PS 0 and 5 patients (33%)
with PS 1. All the patients also had metastatic lesion. None of
the patient characteristics were significantly different between
the two treatment groups.

The responses according to the treatment groups and regi-
mens are listed in Table 2. In the 5-FU group, two patients
(18%) achieved a partial response, six (55%) remained stable
and three (27%) showed progressive disease. The response

Table 2. Tumor response according to treatment groups

Regimens RR DCR MedianPFS Median OS
(%) (%) (months) (months)

5-FU group

5-FU + CDDP (n=3) 33 100

UFT + doxorubicin 0 60
(n=5)

S-1(n=3) 33 67

Total (n = 11) 18 727 25 8.0
GEM group

GEM (n = 10) 0 80

GEM + CDDP (n=5) 0 80

Total (n = 15) 0 80 35 12.3

RR, response rate; DCR, disease control rate; PFS, progression-free survival;
OS, overall survival.
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Figure 1. Progression-free survival (PES) curve and overall survival (OS)
curve calculated using the Kaplan—Meier method for all adenocarcinoma
patients.
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Figure 2. PFS calculated using the Kaplan—Meier method for groups classi-
fied according to the chemotherapy regimen.

rate for the 5-FU group was 18.2% (95% CI = 2.3—51.8%),
and the disease control rate was 72.7% (95% CI = 39.0—
94.0%). In the GEM group, on the other hand, the response
rate was 0% (95% CI = 0--21.8%) and the disease control rate
was 80.0% (95% CI = 51.9-95.7%). The median PFS was
2.5 and 3.5 months for the 5-FU group and the GEM group,
respectively (P = 0.79) (Fig. 2). The median OS was 8.0 and
12.3 months, respectively (P = 0.29) (Fig. 3).

Three patients (27%) in the 5-FU group received second-
line chemotherapy. In the GEM group, 4 (27%) patients
received second-line chemotherapy.

TREATMENT OUTCOME ACCORDING TO STAGE IV DISEASE OR
RECURRENT DISEASE

Stage IV disease was present at the time of diagnosis in 12
patients, while recurrent disease after resection was present in
14 patients. In stage IV disease, the median age of the patients
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Figure 3. OS curve calculated using the Kaplan--Meier method for groups
classified according to chemotherapy regimen.
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Figure 4. PFS calculated using the Kaplan—Meier method for groups classi-
fied according to stage IV disease or recurrent disease.

was 65.0 years and the ECOG performance statuses were as
follows: nine patients (75%) with PS 0 and three patients
(25%) with PS 1. Five of the 12 patient with stage IV disease
had received 5-FU-based regimens and the remaining 7 patients
received GEM-based regimens. Meanwhile, in recurrent
disease, the median age of the patients was 66.0 years and the
ECOG performance statuses were as follows: 9 patients (64%)
with PS 0 and 5 patients (36%) with PS 1. Six of the 14 patient
with recurrent disease had received 5-FU-based regimens and
the remaining 8 patients received GEM-based regimens.

The response rate for stage IV disease was 8.3% (95% CI =
0.2—38.5%), and the disease control rate was 75.0% (95%
CI = 42.8—94.5%). In recurrent disease, on the other hand,
the response rate was 7.1% (95% CI = 0.2—33.9%) and the
disease control rate was 78.6% (95% CI = 49.2—95.3%). The
median PFS was 8.3 and 2.5 months for stage IV disease and
recurrent disease, respectively (P = 0.16) (Fig. 4). The
median OS was 23.8 and 7.9 months, respectively (P = 0.02)

(Fig. 5).

ATa7 S £INNNme TIA TAIIIAA TATIDA TDITAToaT 1 Sincamnmalmanrvaraalli e dan riiars nanmnrraner



328 Chemotherapy in patients with ampullary carcinoma

Five patients (42%) in stage IV disease received second-
line chemotherapy. In the recurrent disease, 2 (14%) patients
received second-line chemotherapy.

TREATMENT OUTCOME ACCORDING TO ADENOCARCINOMA
PHENOTYPE

We examined 10 of the 26 ampullary adenocarcinomas to de-
termine their phenotypes. The treatment regimens and out-
comes according to the phenotypes are shown in Table 3.
Eight of the 10 patients with ampullary adenocarcinoma
(80%) had intestinal-type adenocarcinomas, while the remain-
ing 2 (20%) had pancreatobiliary-type adenocarcinomas. Both
patients with pancreatobiliary-type adenocarcinoma had
received a GEM-based regimen, while 3 of the 8 patients with
intestinal-type received 5-FU-based regimens and the remain-
ing 5 patients received GEM-based regimens. One patient
with intestinal-type adenocarcinoma who received 5-FU +
CDDP responded to the treatment (PR), and the best response
of the nine other patients was stable disease. The median OS
was 7.9 months for the intestinal-type adenocarcinoma
patients. The OS periods of the two pancreatobiliary-type
adenocarcinoma patients were 12.3 months (373 days) and
14.3 months (435 days), respectively.

DISCUSSION

Ampullary adenocarcinoma is a rare disease entity, and little
information regarding these tumors is available. Patients with
ampullary adenocarcinomas are typically diagnosed at a rela-
tively early stage due to the early appearance of clinical symp-
toms such as jaundice, and the likelihood of resectability is
therefore high (12,13). On the other hand, detailed reports on
advanced ampullary adenocarcinomas are extremely rare, es-
pecially regarding the treatment outcome of systemic chemo-
therapy for advanced stage disease.

Overall survival
probability Disease Median 05
o {months)
L R i amwwms Stage IV 23.8
‘§ === Recurrent 7.9
8 7 3
6
4 7
2 7
0
1] 10 20 30 months

Figure 5. OS curve calculated using the Kaplan—Meier method for groups
classified according to stage IV disease or recurrent disease.

A previous report discussed the efficacy of CDDP-based
chemotherapy (5-FU plus CDDP or GEM plus CDDP) in 29
patients with advanced ampullary carcinoma (7). The treat-
ment outcomes resulted in a responses rate of 27.5%, a
disease control rate of 72.4%, a median time to progression of
4.9 months and a median OS period of 12.5 months, with
manageable toxicities. 5-FU, CDDP and GEM were the
selected agents examined in their report similar to the present
study. However, in their report, the differences in the response
rate, time to progression and OS were not related to the
chemotherapy regimens (5-FU plus CDDP or GEM plus
CDDP). In our results, the differences in the DCR, the PFS
and the OS between the 5-FU group and the GEM group were
also not statistically significant. Both reports indicated a
modest activity for these agents against advanced ampullary
adenocarcinomas; however, the optimum regimen is
unknown, and patient prognosis remains dismal.

The ampulla of Vater consists of the following three distinct
epithelial elements: duodenal epithelium, pancreatic ductal
epithelium and biliary ductal epithelium. Because of the rarity
of ampullary adenocarcinomas, they are usually regarded as
biliary tract adenocarcinomas or small intestine adenocarcin-
omas when selecting a chemotherapeutic regimen. However,
no consensus exists regarding which of these disease entities
is most appropriate for the inclusion of ampullary adenocar-
cinomas.

In some previous reports, advanced ampullary adenocarcin-
omas have been included with advanced small bowel adeno-
carcinomas. Two prospective phase 2 studies have been
performed for patients with small bowel adenocarcinoma, in-
cluding ampullary adenocarcinoma. First, the combination of
5-FU, doxorubicin and mitomycin C (FAM) in 38 patients
with advanced adenocarcinoma of the small bowel (n = 34)
or ampulla of Vater (n = 4) resulted in a response rate of 18%
and a median OS of 8 months for all the patients (14). In a
subgroup analysis, the median OS of the advanced ampullary
adenocarcinoma patients (# = 4) was 7 months, which was
roughly similar to that of the small bowel adenocarcinoma
patients (median OS: duodenum, 9 months; jejunum, 2
months; and ileum, 5 months). Secondly, the combination of
capecitabine and oxaliplatin (CAPOX) in 30 patients with
advanced adenocarcinoma of the small bowel (n = 18) or
ampulla of Vater (n = 12) resulted in a response rate of 50%
and a median OS of 20.4 months (15). However, in a subgroup
analysis, the response rate for advanced ampullary adenocar-
cinoma was 33%, which was lower than the rate for small
bowel adenocarcinoma (61%). This response rate was similar
to that for the patients with biliary tract adenocarcinoma (16)
treated with the CAPOX regimen (20%), rather than that for
patients with small bowel adenocarcinoma. Although whether
advanced ampullary adenocarcinomas should be treated as
biliary tract adenocarcinomas or as small bowel adenocarcin-
omas remain uncertain, recent major recent clinical trials or
retrospective studies examining the use of anticancer agents in
patients with biliary tract adenocarcinoma have included
ampullary adenocarcinoma as a subgroup of biliary tract
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Table 3. Treatment regimens and outcomes according to phenotypes
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Patient no. Regimen Phenotype MUC2 CDX2 Best response 08 (months) PFS (months)
1 S-1 Intestinal -+ -+ SD 2.6 2.1

2 UFT -+ Doxorubicin Intestinal + - SD 5.8 2.5

3 5-FU + CDDP Intestinal f+ - PR 8.0 4.9

4 GEM + CDDP Intestinal - + SD 6.0 2.5

5 GEM + CDDP Intestinal - + NE 8.2 0.6 (c)*
6 GEM Pancreatobiliary - - NE 12.3 0.9 (c)*
7 GEM Intestinal f4 + SD 7.9 1.4

8 GEM Pancreatobiliary - - SD 14.3 10.4

9 GEM Intestinal 2+ 2+ SD 7.3 4.1 ()’
10 GEM Intestinal 2+ + SD 22.8 (¢) 44

f+, focally positive; SD, stable disease; PR, partial response; NE, not evaluable; (c), censored case.

“Censored because of Grade 3 pneumonitis.
bCensored because of Grade 3 biliary tract infection.

cancer (17—20). The largest randomized trial examining
biliary tract adenocarcinomas was the ABC-02 trial, in which
the efficacy and safety of GEM alone vs. the combination of
GEM plus CDDP was evaluated by British research groups
(Cancer Research UK and University College of London).
That study also included 20 (4.9%) patients with advanced
ampullary carcinoma (21). In a subgroup analysis of the
ampullary adenocarcinomas, GEM plus CDDP tended to
result in a longer survival period than GEM alone, although
the difference was not significant (hazard ratio 0.62: 95% con-
fidence interval, 0.21—1.81). Although our results do not indi-
cate whether the treatment strategy for small bowel
adenocarcinomas or for biliary tract adenocarcinomas is the
most suitable, the latter strategy, which recommends GEM
plus CDDP, is the only evidence supported by the ABC-02
trial at present.

Previous phase II studies in patients with biliary tract
adenocarcinomas demonstrated that patients with primary
tumors showed worse survival than patients without primary
tumors (22,23). In our analysis, there was no subject with
locally advanced disease. The patients with stage IV disease
had significantly longer OS than those with recurrent disease,
which was different from the result of previous reports. The
possible explanations for this result were the difference in the
number of patients who receiving the second-line chemother-
apy and the limited number of patients in this study.

Recent studies have demonstrated the importance of
classifying pathological phenotypes. Ampullary adenocarcin-
omas can be separated into two distinct groups with signifi-
cantly different survival rates for patients with resectable
disease (8,9): intestinal type (50—80% of all ampullary adeno-
carcinomas), which has a relatively favorable prognosis and
pancreatobiliary type (15—20%), which has a poor prognosis.
CDX2 and MUC?2 expression may be useful for distinguishing
intestinal type from pancreaticobiliary type (24). In our study,

80% of the ampullary carcinomas were classified as intestinal
type and 20% were classified as pancreatobiliary type using
immunohistochemical examinations. These results were
similar to those of previous reports. However, both of the
patients with pancreatobiliary-type adenocarcinomas lived for
>1 year, while the median OS for the patients with intestinal-
type adenocarcinoma was only 7.9 months. This finding dis-
agreed with existing reports on the resected ampullary adeno-
carcinoma (25). However, the target population of our study
was advanced ampullary adenocarcinoma patients who
received systemic chemotherapy; to our knowledge, this
report is the first to investigate the correlation between histo-
logical phenotypes and treatment outcomes in such a popula-
tion. Therefore, the reason for this discrepancy between our
report and previous reports is uncertain. Possible reasons
include the difference in disease stage (resectable disease vs.
unresectable disease), the difference in treatment (resection
vs. chemotherapy) and an insufficient sample size. The rela-
tionship between cancer phenotypes and suitable chemothera-
peutic regimens is an unsolved topic of great interest. Further
research such as multicenter study to investigate larger popu-
lation is needed in order to obtain more detailed information.

In conclusion, advanced ampullary adenocarcinomas have
an aggressive clinical course. Their sensitivity to chemother-
apy is modest, and the outcomes of treatment are comparable
to those of patients with other biliary tract carcinomas. GEM
plus CDDP, which is the only evidence supported by the
ABC-02 trial at present, is considered to be the standard
therapy for advanced ampullary adenocarcinomas.
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Background: Two recent studies (ABC-02 [UK] and BT22 [Japan]) have demonstrated the superiority of cisplatin and
gemcitabine (CisGem) chemotherapy over gemcitabine (Gem) alone for patients with pathologically proven advanced
biliary tract cancer (BTC: cholangiocarcinoma, gallbladder and ampullary cancers). This pre-planned analysis evaluates

the efficacy of CisGem with increased statistical power.

Patients and methods: We carried out a meta-analysis of individual patient-level data of these studies to establish the
effect of CisGem versus Gem on progression-free survival (PFS), overall survival (OS) and carried out exploratory sub-
group analyses.
Results: CisGem demonstrates a significant improvement in PFS [hazard ratio (HR) = 0.64, 95% confidence interval (Cl)
0.53-0.76, P<0.001] and OS (HR =0.65, 95% Cl 0.54-0.78, P <0.001) over Gem. This effect is most marked among
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patients with good perforrance status (PS 0-1): HR for PFS is 0.61 (95% Cl 0.51-0.74), P <0.001 and OS HR =0.64
(95% CI 0.53-0.77), P <0.001. CisGem resulted in improved PFS and OS for intra- and extra-hepatic cholangiocarcino-
mas and gallbladder cancer. The treatment effect between UK and Japanese patients was consistent with respect to OS5
(HR =0.65, 95% Cl 0.53-0.79 and 0.65, 95% Cl 0.42-1.03, respectively); with similar OS in the combination arms
{median 11.7 and 11.1 months, respectively). Subgroups least likely to benefit included patients with ampullary tumours

and poor performance status (PS2).

Conclusions: CisGem is the standard of care for the first-line treatment of good-PS patients with advanced BTC re-
gardless of ethnicity. Future studies should aim to enhance the effectiveness of this regimen in the first-ine setting, estab-
lish the role of subsequent (second-line) therapy and assess the role of rationally developed molecular-targeted therapies,
Key words: biliary tract cancer, cholangiocarcinoma, gallbladder cancer, cisplatin, gemcitabine

introduction

Biliary tract cancer (BTC) is a collective term to include cancers
arising from the gallbladder, bile ducts (intra-hepatic, hilar or
extra-hepatic cholangiocarcinoma, depending on their site of
origin) and ampulla of Vater adenocarcinomas. Although con-
sidered relatively rare in the US (with 5000 new cases diagnosed
annually [1]) and European countries (e.g. UK incidence: 1200
cases per annum [UK National Statistics homepage at http
lwww.statistics.gov.uk]), it has a much higher prevalence in
Latin America [2] and East Asia. In Japan, the incidence is 10-
fold that seen in the West with 17 311 deaths from BTC in 2007
making it the sixth leading cause of cancer death [3]. Moreover,
the incidence, particularly of intra-hepatic cholangiocarcinoma,
has been increasing in the US, Japan, UK and Australia since
the 1970s, [4-6] increasing the need for effective cancer services.

Characteristic Study

Surgery remains the optimal modality of therapy leading to
long-term survival for patients diagnosed with resectable
disease. However, most patients have advanced (inoperable or
metastatic) disease at presentation, often in the context of biliary
obstruction and sepsis and age-related co-morbidities resulting
in a 5-year survival of 5%~15% [7, 8].

Two phase 1II studies have demonstrated improved survival of
chemotherapy over best supportive care (BSC) for patients with
advanced (inoperable) disease. A Swedish study reported a
median survival of 6 months in patients with mixed biliary and
pancreatic cancers treated with 5-fluorouracil (5-FU), etoposide
and leucovorin chemotherapy compared with 2.5 months with
BSC [9]. A study from India in patients with gallbladder cancer
demonstrated an improvement in median survival from 4.5 to 9.5
months using a gemcitabine and oxaliplatin regimen [10]. It can
be concluded that the median survival in patients treated with

ABC-02

BT22

UK
Randomised phase III

Accrual period February 2002 to October 2008

Number of patients 410
Age > 18 years

Key eligibility criteria

Japan

Randomised phase II

September 2006 to October 2008
84

Age > 20 years

Treatment schedule

Duration of treatment

Frequency of
radiological
assessment

Primary end point

Confirmed histopathological or cytological diagnosis

Intra- or extra-hepatic cholangiocarcinoma, gallbladder
cancer, or ampullary carcinoma

Non-resectable, recurrent or metastatic disease

No prior chemotherapy for advanced disease

Performance status of 0-2 (ECOG)

Life expectancy > 3 months

Total bilirubin level of <1.5 x ULN

Liver-enzyme levels < 5 x ULN

Glomerular filtration rate > 45 ml per minute

“CisGem arm”: cisplatin 25 mg/m” and gemcitabine 1000
mg/m? each on days 1 and 8§ of a 21-day regimen

“Gem arm”™: gemcitabine 1000 mg/m? on days 1, 8 and 15 of
a 28-day regimen

Up to 24 weeks

Every 12 weeks

Overall survival

Confirmed histopathological diagnosis

Intra- or extra-hepatic cholangiocarcinoma, gallbladder
cancer, or ampullary carcinoma

Non-resectable, recurrent, or metastatic disease

No prior chemotherapy for advanced disease

Performance status of 0-1 (ECOG)

Life expectancy > 3 months

Total bilirubin level of <2 x ULN

Liver-enzyme levels < 3 x ULN

Creatinine clearance > 45 ml per minute

“CisGem arm”: cisplatin 25 mg/m* and gemcitabine 1000
mg/m? each on days 1 and § of a 21-day regimen

“Gem arm”: gemcitabine 1000 mg/m? on days 1, 8 and 15 of |

a 28-day regimen
Until disease progression
Every 8 weeks

1-year survival
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BSC alone is ~2.5-4.5 months and palliative chemotherapy
should be considered as a treatment option. A systematic review
of chemotherapy studies for advanced BTC published in 2007
identified 104 studies since 1985. The largest study reported
65 patients; there was one phase III study (closed early due to
poor recruitment) and two randomised phase II studies [11]. No
standard regimen was identified although the most active regi-
mens appeared to be those including gemcitabine alone, gemcita-
bine with a platinum agent or 5-FU with a platinum agent.

The Advanced biliary tract cancer (ABC)-02 study (Clinical
Trials.gov number: NCT00262769) was a UK-wide phase III study,
carried out under the auspices of the National Cancer Research
Network, comparing doublet-chemotherapy (CisGem, cisplatin
25 mg/m” and gemcitabine 1000 mg/m?, each on days 1 and 8 of a
21-day regimen) versus gemcitabine monotherapy (Gem, gemcita-
bine 1000 mg/m> on days 1, 8 and 15 of a 28-day regimen). It built
on a randomised phase II study (ABC-01, at the time the largest
global study with 86 patients) [12], which had demonstrated an
improvement in 6-month progression-free survival from 47.7% to
57.1%. ABC-01 was then extended to the phase III ABC-02 study
using an identical protocol but recruiting an additional 324
patients for a total of 410 patients. This extension would provide
statistical power for an overall survival (OS) analysis. This study
demonstrated a statistically improved OS in favour of the combin-
ation arm [median OS 11.7 versus 8.1 months, hazard ratio (HR)
0.64; 95% confidence interval (CI) 0.52-0.80, P <0.001] with an
improved progression-free survival [PES, median 8.0 versus 5.0
months, HR =0.63, 95% CI 0.51-0.77, P <0.001) and an accept-
able toxicity profile, [13] thus setting a reference regimen for
patients with advanced BTC.

In parallel, the biliary tract (BT) 22 study (ClinicalTrials.gov
number NCT00380588) was developed in Japan in order to rep-
licate the ABC-01 data using an identical regimen to the ABC
studies. Compared with Gem, patients who received CisGem
had a better 1-year survival (the primary end point, 39.0%
versus 31.0%); median OS (11.2 versus 7.7 months); median
PES (5.8 versus 3.7 months) and radiological response raté
(19.5% versus 11.9%). The hazard ratio between the treatment
arms was 0.69 (95% CI 0.42-1.13) for OS and 0.66 (95% CI
0.41-1.05) for PFS in favour of CisGem [14].

The meta-analysis reported here represents a pre-planned
international collaboration between UK and Japanese investiga-
tors in order to achieve greater statistical power in the evaluation
of the treatment effect.

patients and methods

The primary objective of this meta-analysis is to evaluate the effect of cis-
platin and gemcitabine (CisGem) versus gemcitabine alone (Gem), with
enhanced patient numbers by combining patient-level data from the ABC-
01/ABC-02 and BT22 studies (Table 1). In addition, we sought to explore
the relative treatment effect across both studies given the inherent differences
between the study populations.

Each of the studies was carried out with Ethics Committee and other
requisite approvals/notifications (governed by the country of each study
sponsor); all patients were enrolled after giving informed consent to partici-
pate and the studies were conducted in accordance with the Declaration of
Helsinki.

Gemcitabine was provided for the investigators in both studies by Lilly
Oncology or Eli Lilly Japan, as appropriate. ABC-02 was carried out as an in-
vestigator-initiated academic study; Lilly Oncology was not involved in the
accrual or analysis of the data, or the preparation of the manuscript. Data
from ABC-02 were held by the study sponsor, University College London
Clinical Trials Unit (UCL CTU). BT22 was originally a Lilly-sponsored trial
although additional data collection for OS and PES was made as an investi-
gator-initiated study and supported by the Ministry of Health, Labour and
Welfare (MHLW), Health Labour Sciences Research Grant; data were col-
lected by the investigators and released following publication of BT22 to
UCL CTU under a study-specific agreement for the sole purposes of this
meta-analysis.

Cox proportional hazards model was used to estimate the effect of treat-
ment on OS and PFS, providing a HR for CisGem versus Gem. The treat-
ment effect was examined for each of the subgroups for pre-specified
baseline factors, as well as age, sex and trial. A test for interaction with treat-
ment was assessed for each set of subgroups.

OS was estimated from date of entry to the trial to date of death, or date
last seen alive; PES was estimated from date of entry to the trial until date of

Baseline factor No. (%)
Gemcitabine + cisplatin

(N=245)

Gemcitabine
alone (N =248)

Sex
Female 131(53)
Male 114 (47)
Age (years): median 64 (32-81)
(range)
Disease status
Locally advanced 60 (24) 57 (23)
Metastatic 174 (71) 181 (73)
Not stated 11(4) 10 (4)
Primary tumour site®
Intra-hepatic 51(21) 57 (23)
Extra-hepatic 76 (31) 73 (29)
Galibladder 88 (36) 93 (38)
Ampulla 13 (5) 11(4)
Not stated 17 (7) 14 (6)
Histology
Adenocarcinoma 225 (92) 232 (94)
Carcinoma 17(7) 12 (5)
unspecified
Adenosquamous 2(1) 3 (1)
carcinoma
Squamous-cell 0(0) 1(<1)
carcinoma :
Carcinosarcoma 1(<1) 0(0)
ECOG performance status
100 (41) 92(37)
118 (48) 131 (53)
27 (11) 25 (10)

129 (52)
119 (48)
64 (23-84)

80 (33) 78 (31)
165 (67) 170 (69)

*Hilar patients from ABC-02 are included in the extra-hepatic group.
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Figure 1. (A) Kaplan-Meier curve for progression-free survival, by treatment. Hazard ratio = 0.64 (95% CI 0.53-0.76), P < 0.001. (B) Kaplan-Meier curve for
overall survival, by treatment. Hazard ratio = 0.65 (95% CI 0.54-0.78), P < 0.001.

progression or date of death, or date last seen alive for those patients without
either event.

resuits

A total of 493 patients, median age 64 years (range 23-84 years)
with approximately equal sex distribution, were randomised
(ABC-02 study n=410; BT22 study n=83) to receive either
CisGem [N=245: ABC-02 (n=204); BT22 (n=41)] or Gem
[N=248: ABC-02 (n=206); BT22 (n=42)] (Table 2). Three-
quarters of the patients had metastatic disease; 89% of patients
had a good performance status (PS, 0-1) (patients with PS of 2
were eligible for ABC-02, but not BT22); and the histology was
of adenocarcinoma type in 93% with a small number of patients
with alternative histologies (Table 2). Sixty-eight percent of

patients had prior therapy, primarily in the form of biliary stent-
ing; a total of 109 patients (22%) had undergone prior surgery
with curative intent and subsequently relapsed; prior systemic
chemotherapy for advanced disease was not allowed.

These data had slightly longer follow-up in both trials
(median follow-up in ABC-02: 9.2 months; BT22: 9.0 months),
compared with the published papers [13, 14]. When compared
with gemcitabine monotherapy, the combination of cisplatin
and gemcitabine was associated with an improved PFS (median
8.8 versus 6.7 months; HR = 0.64 (95% CI 0.53-0.76), P < 0.001)
and OS (median 11.6 versus 8.0 months; HR =0.65 (95% CI
0.54-0.78), P <0.001), Figure la and b, respectively. Thus, the
use of combination chemotherapy reduces the risk of progres-
sion or death (defined by PES event) by 36%; and risk of death
by 35%, compared with gemcitabine monotherapy.
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Subgroup HR (95% CI) P-value
ABC-02 (N = 410) —L— . 0.65 (0.54~0.80)
BT22 (N= 83) 0.55 (0.35-0.87) 0.14
Female (N = 260) 0.65 (0.51~0.83) 08
Male (N = 233) 0.63 (0.48-0.82) 86
<65 years (N = 267) 0.67 (0.52-0.85)
65+ years (N = 226) 0.60 (0.46-079) 04
Locally advanced (N=117) ——— 0.55 (0.37-0.80)
Metastatic (N = 355) —E— 071 (0.57-0.88) 025
Intrahepatic (N = 108) 0.61 (0.41-0.91)
Extrahepatic (N = 149) 0.60 (0.43-0.84)
Gallbaldder (N = 181) 067 (0.50-091) 040
Ampulla (N = 24) B 0.71 (0.30~1.68)
ECOG 0 (N=192) ~——I1___._—__ 0.60 (0.45-0.80)
ECOG 1 (N=249) 0.65 (0.50~0.84) 0.43
ECOG 2 (N=52) B 0.93 (0.53~1.64)
No prior therapy (N = 158) 0.60 (0.44-0.83)
Prior therapy (N = 335) 065 (0.52-0.82) 30
Overall (N = 493) 0.64 (0.53-0.76) -

T T
0.25 0.50

T
1.00 2.00
Hazard ratio

A

Favours CisGem

v

Favours Gem

Figure 2. Progression-free survival, among ABC-02 and BT22 trials, by subgroups. The hazard ratio (95% confidence interval) for the treatment effect
(CisGem versus Gem alone) is provided for each subgroup, per factor and the corresponding P-value for the test of interaction between treatment and factor.
The forest plot excludes patients with unstated disease status and tumour site subgroup levels.

Exploratory subgroup analysis suggests that all patients benefit
from CisGem versus Gem with respect to sex; age (<65 and >65
years), stage of disease (locally advanced and metastatic); site of
primary tumour (intra-hepatic, extra-hepatic cholangiocarcinoma
and gallbladder cancer); performance score (PS 0 and 1) and use
of prior therapy (Figures 2 and 3). The widest confidence inter-
vals are seen in patients with ampullary tumours and those with
PS 2 due to the small size of each cohort (n=24 and n =52, re-
spectively). When limited to patients with PS 0-1 only (n =441),
the HR for PES is 0.61 (95% CI 0.51-0.74), P < 0.001 and for OS
HR = 0.64 (95% CI 0.53-0.77), P < 0.001.

There is no evidence for a difference in treatment effects
between any of the subgroups for PES or OS (Figures 2 and 3).
The treatment effect is remarkably similar between the two
studies (BT22 versus ABC-02) with respect to OS (Figure 3;
HR = 0.65 for both trials) and PFS (Figure 2) [test for heterogen-
eity for OS: P=0.90; PFS: P=0.14].

A total of 109 patients had surgery before trial entry; there is no
evidence of an interaction between prior surgery status and treat-
ment effect for OS and PES (P = 0.52 and P = 0.26, respectively).

discussion

It was previously believed that the incidence of BTC was too low
for prospective, adequately powered clinical studies to be carried

out. This meta-analysis, achieved by international collaboration,
combines individual patient-level data from two prospective
randomized, controlled trials in pathologically proven, advanced
BTC using the same treatment comparisons [the UK ABC-02
phase III study (n=410) and Japanese BT22 randomised phase
II study (n = 84)] and thus represents the largest prospectively
evaluated patient pool with close to 500 patients in total. This
meta-analysis demonstrates a significant improvement in PFS
and OS in favour of cisplatin and gemcitabine doublet chemo-
therapy over gemcitabine monotherapy, of the order of a 35%
reduction in the risk of outcome.

There is a striking consistency between the treatment effect
observed between the ABC-02 and BT22 studies (both HRs=
0.65) with respect to OS (Figure 3) with near-reproducible
median survival in the combination arms (11.7 and 11.1 months,
respectively). The similarity is less marked for PFS (HR 0.65 and
0.55), with median PFS of 9.7 and 6.5 months in each of the com-
bination arms of ABC-02 and BT22, respectively. This is likely to
be due to differences in protocol-driven assessments; specifically
frequency of radiological tumour reassessment (6-weekly in BT22
and 12-weekly in ABC-02) [15].

This meta-analysis did not include an assessment of toxicity
due to the different schedules for safety assessment between the
protocols (specifically, BT22 included assessment of complete
blood count and biochemistry on the rest week of treatment

$10T ‘g A1eniqe uo OQASH 18 /510 s[ewnolpioyxo-ououue/:diy WOy papeo[umod



Annals of Oncology

Subgroup HR (95% CI) P-value
ABC-02 (N = 410) 0.65 (0.53-0.79) 0.90
BT22 (N=83) 0.65 (0.42-1.03) :
Female (N = 260) 0.64(0.50-0.83)
Je (N=233) 0.67 (0.52-0.87) :
<65 years (N = 267) 0.65 (0.51-0.84) 0.80
65+ years (N = 226) 0.65 (0.50-0.85) )
Locally advanced (N =117) ———f— 050 (0.84-078) . o
Metastatic (N = 356) i 0.73 (0.59-0.90) :
Intrahepatic (N = 108) i 0.54 (0.36-0.81)
Extrahepatic (N = 149) ——:ﬁ._—:-—~ 0.62 (0.44-0.86) 0.20
Gallbaldder (N = 181) 0.69 (0.51-0.93) -
Ampulla (N = 24) B 0.73 (0.31-1.72)
ECOG 0 (N=192) —i 0.63 (0.47-0.84)
ECOG 1 (N=249) 0.66 (0.51-0.85)  0.79
ECOG 2 (N=52) i 0.88 (0.50~1.56)
No prior therapy (N = 158) —— 058(0.42-080)
Prior therapy (N = 335) 0.69 (0.55-0.86) ’
Overall (N = 493) 0.65 (0.54-0.78)
T T T
0.25 0.50 1.00 2.00

Hazard ratio

»

Favours CisGem

P

Favours Gem

Figure 3. Overall survival, among ABC-02 and BT22 trials, by subgroups. The hazard ratio (95% CI) for the treatment effect (CisGem versus Gem alone) is
provided for each subgroup, per factor and the corresponding P-value for the test of interaction between treatment and factor. The forest plot excludes the

undefined disease status and tumour site subgroup levels.

(not required for ABC-02) which may explain the increased
haematological toxicity reported in this study; [15] however,
these regimens are well established and toxicities are detailed in
the individual study publications [13, 14].

Patients with a good PS (0-1) appear to derive greater benefit
from combination chemotherapy (HR for PES and OS are 0.61
and 0.64, respectively). It is therefore appropriate for future
studies using this combination chemotherapy to limit inclusion
to PS 0-1 patients. PS2 patients were only included in the ABC-
02 study and the HR for OS for this group was 0.88, 95% CI
0.50-1.56; thus, in the absence of studies specifically addressing
therapy for PS2 patients, it may be preferable to consider gemci-
tabine monotherapy for this group given the very poor survival
with BSC alone [9, 10].

With the exception of ampullary tumours combination
chemotherapy resulted in statistically significantly favourable
PES and OS for all other tumour-location subgroups (intra-
hepatic cholangiocarcinoma, extra-hepatic cholangiocarcinoma
and gallbladder cancer). Although a reduced risk of 25%-30%
was seen in the ampullary group, the small numbers did not
permit a statistically meaningful result. As these cancers are un-
common, it may be necessary for another meta-analysis to
provide the statistical power required for a robust assessment of
this tumour subtype in future studies.

The remit of this meta-analysis is limited to the effect of first-
line chemotherapy for patients with advanced BTC. The use of
subsequent chemotherapy can confound the survival analysis.
Only 18% of patients in the ABC-02 study went on to receive
second-line chemotherapy, primarily due to there being no UK-
recognised regimen in this setting. In contrast, 76% of patients
in BT22 went on to receive second-line chemotherapy on
disease progression in Japan where the oral fluoropyrimidine,
S1, is a licensed treatment option for these patients. Despite this
disparity, the survival in the combined arms was very similar as
already discussed, accepting the inherent limitations of cross-
study comparisons. There are no randomised phase III data that
second-line chemotherapy improves survival for patients who
have previously been treated with cisplatin and gemcitabine;
specifically, no phase III studies have ever been carried out.
A recent large retrospective single-centre series suggests that
second-line chemotherapy (after a heterogeneous group of first-
line regimens) is feasible in ~25% of patients; [16] moreover,
after cisplatin and gemcitabine first-line chemotherapy, we have
shown that patients who do go on to receive chemotherapy may
derive additional benefit (median survival from start of second-
line treatment: 8.1 months, median survival from start of first-
line chemotherapy: 19.5 months) [17]. However, such analysis is
highly subject to selection bias and prospective studies are
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urgently needed to determine the benefit (if any) in terms of
survival, impact on quality of life and cost-effectiveness of
second-line chemotherapy.

This meta-analysis for efficacy, together with a recently pub-
lished cost-effectiveness analysis [18] has strengthened the ration-
ale for recommending cisplatin and gemcitabine as a reference
regimen for development of further therapies across international
patient populations with advanced BTC.
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Pharmacogenetic predictors of severe peripheral
neuropathy in colon cancer patients treated with
oxaliplatin-based adjuvant chemotherapy: a GEMCAD

~group study
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Background: Oxaliplatin-based chemotherapy (CT), widely used as adjuvant therapy for stage Il and selected high-risk
stage Il colon cancer (CC) patients, is often associated with cumulative peripheral neuropathy. Our aim is to identify
single-nucleotide polymorphisms (SNPs) in genes involved in oxaliplatin metabolism, DNA repair mechanisms, cell cycle
control, detoxification or excretion pathways to predict severe (grade 2-3) oxaliplatin-induced peripheral neuropathy
(OXPN) among CC patients treated with oxaliplatin and fluoropyrimidine-based adjuvant CT.

Patients and methods: Genomic DNA was extracted from formalin-fixed-paraffin-embedded peritumoral samples
from 206 high-risk stage Il and stage lll CC patients receiving oxaliplatin-based adjuvant CT from January 2004 to
December 2009. Genotyping was carried out for 34 SNPs in 15 genes using MassARRAY (SEQUENOM) technology. A
total of 181 stage II-ll CC patients treated with the same CT regimens were enrolled as a validation set.

Results: The rs2230641 cyclin H (CCNH) rs2230641 C/C [odd ratio {OR) =5.03, 95% confidence interval (Cl) 1.061-
2.41, P=0.042] and the ATP-binding cassette subfamily G, member 2 (ABCG2) rs3114018 A/A genotypes (OR=2.67;
95% Cl 0.95~4.41; P =0.059) were associated with a higher risk of severe OXPN. In addition, patients harboring the com-
bination of CCNH C/C and/or the ABCG2 rs3114018 A/A genotypes had a higher risk of grade 2-3 OXPN than those
with the CCNH any T and ABCG2 any C genotypes (87.73% versus 19.42%; OR = 2.46; 95% Cl 1.19-5.07; P=0.014)
in the logistic regression analysis using age, gender, adjuvant CT regimen and cumulative dose of oxaliplatin as covari-
ates. The ability to predict severe OXPN of this combined analysis was independently validated in the second cohort
(58% versus 33.33%; OR =2.99; 95% Cl 1.45-6.13; P=0.002).
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