With this imperative, we surveyed the actual cost of PC
treatment especially with respect to the difference after the
introduction of a new drug, GEM. To our knowledge, this
is the first report of a cost analysis of PC in Japan.

PATIENTS AND METHODS
PATIENTS

Since the day of our hospital opening in July 1992, we have
recorded all patients admitted to our division. This database
has been updated generally three times a week at our morning
conference. We obtained an invasive ductal PC patient list
from the database, and surveyed all case records between
1 April 2000 and 30 March 2002 (April 2001 £ | year) in
the list. The reason we chose this period was to investigate
the impact of GEM, which has been introduced to Japanese
hospitals since April 2001. We collected each patient’s base-
line data at the time of diagnosis and their treatment histories.
These included gender, age, computed tomography (CT) stage,
site of metastasis, performance status according to the Eastern
Cooperative Oncology Group criteria, serum level of carcino-
embryonic antigen and carbohydrate antigen (CA) 19-9, prim-
ary treatment modalities, treatment costs (calculated from
patient receipts), and date and cause of death.

TREATMENT

According to the CT stage at presentation, patients with resect-
able disease underwent resection, and we did not perform any
adjuvant therapies until recurrence after surgery. As for locally
advanced disease, we performed a combination of intra-
operative and external-beam radiotherapy with 5-FU before
April 2001 (9). After April 2001, we performed hypofraction-
ated external-beam radiotherapy followed by GEM chemo-
therapy in selected patients with locally advanced PC (10).
We had performed single agent chemotherapy for metastatic
or recurrent PC in general by using 5-FU before April 2001,
and GEM thereafter (7). Until November 2000, combination
therapy of hepatic arterial infusion of 5-FU and external-beam
radiation for the primary tumor had been perfarmed in selected
patients with no metastases other than in the liver (11).

Patients received a detail explanation about the studies and
gave written informed consent after approval of the protocols
by the Institutional Review Board of the National Cancer
Center.

TREATMENT COST

In Japan, upon joining an organization, the employees and the
families of those employed by government offices, and the
private sector and public organizations automatically join
the health insurance program. People who are not members
of the Health Insurance Union have been required to join the
National Health Insurance program, which is operated by
municipalities throughout the nation, since 1961. The costs
for medical services are regulated by the government and
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are the same throughout Japan, and people can receive medical
services with 20-30% of the medical costs as their payment,
based on this social security system.

Treatment costs are calculated from patient receipts of our
hospital. Other than the uniform treatment costs regulated by
the government, the costs in the current study included various
actual expenses, such as private room charges, the cost of
daily meals during hospitalization and medical certificates
for private health insurance. Namely, the total costs meant
total payments to the hospital for patients who did not join
the Japanese health insurance system.

In the current study, treatment costs were described in terms
of United States dollars ($) with the exchange rate at the time
of data fixation, 30 June 2004, i.e. $1 = 109 Japanese yen (¥).
For example, the cost of pancreaticoduodenectomy is $4825
(¥526 000), and 1 gram of GEM is $255 (¥27 825), in Japan.

ANALYSIS AND STATISTICS

We surveyed the treatment costs and survival data of patients,
and examined the relationship among patients’ characteristics,
treatment costs and survival time. Total treatment cost from the
first hospitalization to the death or 30 June 2004 (date of the
data fixation), including all costs of every hospital visits and
the last hospitalization for terminal care, was defined as the
total treatment cost over a lifetime (TCL) in the current study.

Overall survival was measured from the first day of treat-
ment to the date of death or last contact. All patients were
censored on 30 June 2004, 14 months after treatment of the last
patient. Survival curves were calculated by the Kaplan-Meier
method. Differences in survival among subgroups classified by
each factor were evaluated by log-rank tests.

Since the treatment costs were not shown to have a normal
distribution, the Mann-Whitney test was used to compare the
overall differences of them among the subgroups. Frequency
analysis was performed with Fisher’s exact test for 2 x 2 tables,
and with the y>-test for 3 x 2 tables.

All analyses were performed using the statistical software
SPSS 11.0J for Windows. Statistical significance was defined
as a two-sided P-value of 0.05 or less.

RESULTS

A total of 113 PC patients were admitted during the 2 years
survey. Among the 113 patients, the TCL was calculated in
54 patients, i.e. 49 who died in our hospital and 5 who were
alive until 30 June 2004. The TCL was not available in the
remaining 59, mainly because they went to other hospitals for
terminal care. There was no difference in their backgrounds
and the survival between the former 54 and the latter 59
(Table 1) other than the pretreatment CA 19-9 level, which
was higher in the former 54.

In the 54 patients, TCL ranged from $4586 to $89 681 and
the quartiles at 25, 50 and 75% were $24 046, $35 351 and
$48 119, respectively. According to the CT stage, the median
of TCL and survival time were $43 865 and 26.5 months for the
resectable, $29 255 and 10.0 months for the locally
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Table 1. Characteristics of 113 patients who were admitted between
1 April 2000 and 30 March 2002

Table 2. Characteristics of 54 patients who were completely followed
in our hospital

Total treatment cost over Available  Not available  P-value Date of the first admission Before April  After April P-value
a lifetime (n=54) (n =59) 2001 (n =26) 2001 (n = 28)
Gender Gender
Man 36 35 0.442" Man 17 19 1,000
Woman 18 24 Woman 9 9
Age Age
Median 59.5 65 . 0.076¢ Median 59.5 65 0.206}
CT stage CT stage
Resectable 14 15 0.713% Resectable 9 5 0.0178
Locally advanced 21 27 Locally advanced 5 16
Metastatic 19 17 Metastatic 12 7
Performance status Performance status
Oorl 50 55 1.000 Oorl . 24 26 1.000°
2o0r3 4 4 2or3 2 2
Location of the primary tumor Location of the primary tumor
Head 25 34 0.261 Head 11 14 0.597
Body-tail 29 25 Body-tail 15 14
CEA (ng/ml)’ CEA (ng/ml)
Median 14 6.8 0.496! Median 4.75 9.65 0.063¢
CA 19-9 (U/mb)* CA 19-9 (U/ml)*
Median 510.5 108 0.038! Median 419 585 0441}
Primary treatment Primary treatment
Surgery 14 15 0.335% Surgery 9 5 0.107¢
Chemoradiotherapy 20 29 Chemoradiotherapy 11 9
Chemotherapy or supportive care 20 15 Chemotherapy or supportive cate 6 14
Survival time (month) Gemcitabine chemotherapy over a lifetime
Median 8.6 8.7 0.603" Present 0 19 0:000'
95% Confidence interval 6.3-10.9 7.1-10.3 Absent 26 9

*Log-rank test; tRisher’s exact ftest; ‘Mann-Whitney test; Sy2-test;
Ycarcinoembryonic antigen; #carbohydrate antigen 19-9.

advanced, and $30 676 and 4.8 months for the metastatic,
respectively.

DIFFERENCES AFTER APRIL 2001

Among the 54 patients available for TCL analysis, 26 were
admitted before April 2001 (Group A) and the remaining
28 were admitted thereafter (Group B). The patients’

" characteristics in each group are shown in Table 2. The fre-

quencies of locally advanced disease and gemcitabine chemo-
therapy were higher in Group B. As for the patients with
locally advanced disease, GEM chemotherapy have been an
alternative treatment choice in our hospital since April 2001.
Accordingly, there was no significant difference between
Groups A and B in the other baseline background factors,
including primary treatment.

tRisher’s exact test; "Mann—Whitney test; Sx2.test; Icarcinoembryonic antigen;
#carbohydrate antigen 19-9.

Table 3 shows several costs and survival times in Groups A
and B. The total cost for anticancer agents was significantly
higher in Group B than in Group A, whereas there were no
significant differences as for overall survival and TCL between
the groups. Among the cost of anticancer agents, a fraction of
that in the outpatient clinic was the main cause that made the
cost in Group B significantly higher than in Group A. Although
there was no significant difference in hospital stay in the
first admission between the two groups, the cost for the first
admission in Group A tended to be high compared to that in
Group B. The cost for the first admission included various
imaging tests (Table 4). An average number of imaging
tests per patient in the first admission was 5.0 in Group A
and 3.9 in Group B. In 40 patients with locally advanced or
metastatic disease, the median cost and hospital stay in the first
admission in Group B ($11493 and 37 days, respectively)
were lower than those in Group A ($22218 and 59 days,



Table 3. Treatment costs and survival of 26 patients who were admitted
before gemcitabine introduction (April 2001) and 28 admitted thereafter
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Table 4. The frequency of various imaging tests in the first admission
before and after introduction of gemcitabine

Date of the first Before April After April P-value Date of the first admission Before April After April
admission 2001 (n = 26) 2001 (n = 28) 2001 (n = 26) (%) 2001 (n = 28) (%)
Survival time (month) Abdominal uitrasonography 100 100
Median 74 8.8 0.952f Computed tomography 100 100
95% Contidence interval 35793 43-132 Magnetic resonance imaging 96 100
Total treatment cost over a lifetime ($) = ©
Minimum 10 028 4586 0.6041 Upper abdominal fiberscopy 69 29
25 percentile 27 284 23 768 Colon fiberscopy 12 7
Median 35 744 35226 Endoscopic retrograde 54 11
75 percentile 47 989 50 680 cholangiopancreatography
Maximum 89 681 61 400 Endoscopic ultrasonography 19 4
Total treatment cost/survival time ($/month) . Angiography 54 5
Minimum 895 331 0.307¢ , L
25 percentile 2016 1654 Positron emission tomography 23 14
Median 3828 3182
75 percentile 6957 4912
Maximum 12 366 31296 respectively), although the differences were not statistically
Total cost for anticancer agents ($) significant (P = 0.055 and P = 0.156, respectively).
Minimum 0 0 0.046¢
25 percentile 1603 3326
Median 3136 5728 DISCUSSION
75 percentile 4974 10 163 As known from previous reports (12,13), the disease stages are
Maximum 19770 43 569 correlated with PC treatment costs in Japan. When compared to
Percentage of anticancer agents in total cost the total treatment cost of metastatic disease, that of locally
Minimum 0% 0% 0.022f advanced and resectable disease was 1.2- to 1.6-fold and 1.6- to
25 percentile 3.4% 8.5% 1.9-fold higher, respectively (Table 5). The relative relation-
Median 9.7% 15.5% ship between disease stage and treatment cost was at almost the
75 percentile 13.7% 25.4% same proportion in the three countries. As for the absolute
Maximum 38.7% 80.3% treatment costs, however, there were relatively large differ-
Cost for anticancer agents in admission ($) ences among the three. The average cost of PC treatment in
Minimum 0 0 0216° Japan was about twice of that in Sweden, and three quarters of
25 percentile 1334 175 that in the United States. This is probably due to differences of
Median 2596 1951 . . . i .
. social security and health insurance systems in each country.
I p'_arce“me 4111 3174 Other than the survey of actual PC treatment costs in Japan,
Cotta:lﬁ:::cancer svents in ml:;ﬂ;iit clinic ) 10739 economic and medic.al .differen.ces after the introduction
Minimum ° 0 o 0.016* of GEM were our main interest in the current.study. Before
25 percentile 0 0 conducting the cun‘fant stud}{, we hypothesmed that the
Median 2% 2898 TCL had gone up since the introduction of the expensive
75 percentile 365 6005 new drug, GEM. . .
Maximum 14 190 42 426 . However, the ’I.‘CL did not 1ncrealse a.s a result of GEM
Hospital stay in the first admission (days) mtrOdL.ICthI.l. P0581b1§ reasons were 51mphfi.cat.ion in pretreat-
Minimum 10 5 0232} ment imaging examinations, shorter hospitalization and an
25 percentile 38 25 early outpatient-based treatment. The frequency of imaging
Median 59 46 tests before treatment decreased except for ultrasonography,
75 percentile 24 65 CT and magnetic resonance imaging after the GEM
Maximum 134 140 introduction. Because we were aware that the three imaging
Cost for the first admission (§) tests were necessary and sufficient for staging evaluation
Minimum 360 1882 0.097* after the GEM introduction, other invasive examinations,
25 percentile 11379 8663 such as endoscopic retrograde cholangiopancreatography or
Median 22 313 13 217 angiography, were optional, especially in advanced cases.
75 percentile 29 480 22 135 Moreover, hospitalization becomes shorter because GEM
Maximum 47 544 47 636 chemotherapy is feasible for an outpatient treatment. Accord-

TLog-rzmk test; *Mann—Whitney test.

ingly, total costs for anticancer agents increased after GEM,
especially in the outpatient clinic fraction.
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Table 5. International cost comparison of pancreatic cancer treatment

Average  Resectable  Locally Metastatic ~ Country ,
disease advanced  disease (reference)
disease
$19499  $27 161 $22 671 $14 277 Sweden (11)
$35 892 $46 250 $34 626 $29 658 Japan (current study)
$48 803  $65 335 $54 717 $35 809 United States (12)

The exchange rate is set to the average in 2000, ie $1 = €1.029 = ¥106.

To reduce the costs of cancer treatment, therefore, simpli-
fication in examinations and shortening of hospitalization may
be effective. However, those efforts may have an apparent
limitation, because new expensive agents, such as bevacizu-
mab, will increase the PC chemotherapy costs in the near
future, as seen in colorectal cancer chemotherapy costs at
present. .

In summary, the total cost of PC treatment correlated well
with disease staging, and there was no international difference
in its proportion. The total costs after GEM did not tend to be
high in our hospital, probably because of the simplification in
examinations and short hospitalization. We believe it will be
necessary to promote cost analysis and to make an effort to
reduce treatment costs as well as to develop new effective and
expensive agents, because health care resources are becoming
scarce in many countries.
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Impact of gemcitabine on the treatment of metastatic
pancreatic cancer

HIROSHI ISHII, JUNJI FURUSE, MICHITAKA NAGASE AND MASAHIRO YOSHINO

Division of Heparobiliary and Pancreatic Medical Oncology, National Cancer Center Hospital East,
Kashiwa, Japan

Abstract

Background and Aim: A previous randomized trial showed gemcitabine was superior to 5-fluorou-
racil in overall patient survival, However, the incremental improvement in survival was minimal. It is
2.5 years since gemcitabine has become available for the treatment of pancreatic cancer in clinical prac-
tice in Japan. The current study was conducted to examine whether treatment outcomes have changed
since the introduction of gemcitabine therapy.

Methods: Ninety-one consecutive patients with metastatic pancreatic cancer treated with systemic che-
motherapy at the National Cancer Center Hospital East were surveyed. Patients admitted before April
2001 received 5-fluorouracil, and those admitted subsequently received gemcitabine. The patients were
divided into the gemcitabine group (n = 50) and the non-gemcitabine group (n = 41), and these groups
were compared for five outcomes, objective response rate, non-progressive disease rate, carbohydrate
antigen (CA)19-9 response rate, actual survival time, and difference between estimated and observed
survivals. The estimated survival time was determined using the prognostic index reported in the pre-
vious study.

Results: Except for the objective response rate, the four other outcomes in the gemcitabine group were
significantly superior to those in the non-gemcitabine group. The frequency of non-progressive disease,
CA19-9 response, and favorable prognosis compared with the estimated survival, were 58%, 22%, and
60%, respectively, in the gemcitabine group, and 22%, 6%, 30%, respectively, in the non-gemcitabine
group. The median survival time in the gemcitabine and non-gemcitabine group was 5.73 and
-2.87 months, respectively. :

Conclusion: It is suggested that there was a definite improvement in pancreatic cancer treatment after
gemcitabine was introduced.

© 2005 Blackwell Publishing Asia Pty Ltd

Key words: carbohydrate antigen 19-9, chemotherapy, gemcitabine, pancreatic neoplasm, prognosis.
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INTRODUCTION

Pancreatic cancer (PC) is the fifth leading cause of can-
cer deaths in Japan, and in 1999, there were 18 654
deaths from this malignancy.! Although surgical resec-
tion is the only curative modality for this malignancy,
most patients have unresectable disease at the time of
diagnosis. For a long time, chemotherapy for PC had
only limited value in clinical practice, and there had
been no regimen superior to 5-fluorouracil (5-FU) ther-
apy alone.*® In the late 1990s, however, gemcitabine

(GEM) was introduced as a PC chemotherapy. Gem-
citabine therapy showed significantly better results in
the clinical benefit response rates and survival in the
randomized trial compared with 5-FU.** Accordingly,
GEM has been accepted as first-line chemotherapy for
advanced PC in many countries. In Japan, GEM was
approved by the Government after a phase 1 trial in
Japanese patients® and was introduced into hospitals as
a practical therapy in April 2000.

In this retrospective study, we surveyed all metastatic
PC patients treated with systemic chemotherapy at the
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National Cancer Center Hospital East, to examine
whether treatment outcomes have changed since the
introduction of GEM therapy.

METHODS
Patients

Between July 1992 and April 2003, 91 consecutive
patients with metastatic PC received chemotherapy in
the Division of Hepatobiliary and Pancreatic Medical
Oncology at the National Cancer Center Hospital East.
Among them, 74 received single-agent chemotherapy
(5-FU or GEM). The remaining 17 received chemo-
therapy as part of multicenter clinical trials: phase 2
studies of cisplatin and 5-FU" in 10, docetaxel® in three,
and irinotecan in four. A

Histological or cytological confirmation of exocrine
PC was obtained from all patients before chemotherapy.
In addition, clinical trial patients were required to meet
the eligibility criteria determined by each protocol.
Briefly, they included: no previous chemotherapy; good
performance status (PS); adequate bone marrow, renal,
and hepatic function; no serious complications; and
receipt of written informed consent.

Chemotherapy

In clinical practice, patients admitted before April 2001
received 5-FU, and those admitted subsequently
received GEM. The 5-FU 600 mg/m* was administered
over 2 h once weekly, or GEM 1000 mg/m® was admin-
istered over 30 min weekly, three times every 4 weeks.
In clinical trials, details of the regimen are shown in the
references. In brief: 5-FU 500 mg/m® for 5 days and cis-
platin 80 mg/m® on the first day every 4 weeks;” doce-
taxel 60 mg/m® every 3-4 weeks;® and irinotecan
100 mg/m?* weekly, three times every 4 weeks. In each
regimen, chemotherapy was continued until evidence of
disease progression. Follow-up computed tomography
(CT) was performed after every course to objectively
assess tumor response according to World Health Orga-
nization criteria.’

Data collection

We surveyed all case records of the 91 patients and col-
lected each patient’s baseline data including potential
prognostic value'®? and their treatment outcomes.
These were: regimen of chemotherapy; age; gender; PS
according to the Eastern Cooperative Oncology Group
criteria; presence or absence of prior surgery; location
of the primary tumor; site of distant metastasis; pres-
ence or absence of measurable lesion; serum levels of
carcinoembryonic antigen (CEA)'® and C-reactive pro-
tein (CRP)'! before chemotherapy; serial serum levels
of carbohydrate antigen 19-9 (CA19-9) before and
after chemotherapy;'? serial CT reports; the first day of
chemotherapy; and the date of death or last contact.
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Treatment responses were evaluated using CT and
serial change of serum CA19-9.

The CT response criteria were as follows: a complete
response (CR) required the disappearance of all mea-
surable disease for more than 28 days, during which
time no new lesions could appear; a partial response
(PR) required reduction of greater than 50% in the sum
of the products of the greatest perpendicular dimen-
sions of all measurable lesions lasting for more than
28 days, during which time no new lesions could
appear; stable disease (SD) required reduction of less
than 50% or an increase of less than 25% in the sum of
the products of the greatest perpendicular dimensions
of all measurable lesions lasting for more than 28 days,
during which time no new lesions could appear; and
progressive disease (PD) was defined as an increase of
more than 25% in the sum of the products of the great-
est perpendicular dimensions of all measurable lesions
or the development of any new lesions. In the current
study, we evaluated the primary pancreatic tumor by
CT, but did not regard it as the measurable lesion.

When patients had an abnormal serum CA19-9 level
of 100 U/mL or greater before chemotherapy, we
defined a CA19-9 responder as a patient whose serum
CA19-9 level was reduced by greater than 50% within
2 months after the initiation of chemotherapy.'?

Statistics and analysis

We divided patients into the GEM or non-GEM group
according to their regimen, and compared patient back-
grounds, treatment responses and survival time
between the two groups.

" The frequency of each variable of the patient’s back-
ground was analyzed using the chi-squared test. Con-
tinuous variables were grouped by a convenient value
near the median value (age) or potential prognostic
values (CEA, CA19-9, and CRP).

In the current study, an objective response was
reported as a rate of patients with CR + PR divided by
all patients in each group. The non-PD rate was also
reported as a rate of patients with CR+ PR+ SD
divided by all patients in each group. The CA19-9
response rate was defined as responders divided by all
patients with a CA19-9 level of 100 U/mL or greater
before chemotherapy in each group. The frequency of
each response was analyzed by the chi-squared test.

Overall survival was measured from the first day of
chemotherapy to the day of death or the last day of fol-
low up. Survival curves were calculated by the Kaplan—
Meier method.!* Differences in survival were evaluated
by log-rank tests. We calculated the prognostic index in
each patient using to an equation reported previously.'?
The equation for the index was as follows: 1.144 x (0
for CRP less than 5 mg/dL and 1 for CRP of 5 mg/dL.
or greater) + 1.029 x (0 for a PS of 0-1 and 1 for a PS
of 2-3) + 0.538 x (0 for CA19-9 <10 000 U/mL and 1
for CA19-9 of 210000 U/mL). The pretreatment
CA19-9 was not available in one patient so calculations
were performed for the remaining 90. We estimated
each patient’s median survival time in months using this
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index: 5.2, 2.6, and 1.4 in the good, intermediate, and
poor prognosis groups, respectively, and compared this
with his or her observed survival time, When an
observed survival time was longer than the estimated
one, we regarded it as a favorable prognosis. Censored
cases within the estimated median survival time were
not regarded as evaluable cases. The frequency of
patients with favorable prognosis in each group was
analyzed by the chi-squared test.

All analyses were performed using the statistical soft-
ware SPSS 11.0 J for Windows. Statistical significance
was defined as a two-sided P-value of 0.05 or less.

RESULTS

Among the 91 patients, 41 were from the non-GEM
group and 50 were from the GEM group. Patient char-
acteristics in each group were very similar to each other
and are shown in Table 1. Of the nine patients with no
measurable lesion, four had ascites with malignant cells
other than the primary pancreatic tumor. The remain-

H Ishii et al.

ing five had minute liver metastasis (two patients) and/
or peritoneal dissemination (four patients) at the time of
laparotomy. Five had recurrent cancer after resection of
the primary tumor with curative intent. Of these five,
four had distant metastasis with no evidence of local
recurrence.

Treatment responses are summarized in Table 2.
There was no significant difference in the objective
response between the two groups. The non-PD rate in
the GEM group (58%) was significantly higher
(P =0.011) than that in the non-GEM group (22%).
The CA19-9 response rate was evaluated in 72 patients,
because pretreatment CA19-9 was not 100 U/mL or
greater in the remaining 19. Serial CA19-9 changes
after chemotherapy was not available in 17 patients
mainly due to their early deterioration. These 17
patients were regarded as non-responders. The CA19-9
response rate in the GEM group was also significantly
higher than that in non-GEM group.

Of the 91 patients studied, 81 died and 10 were still
alive at the time of writing (December 2003). Six
patients (7%) were lost to follow up after observation
with a median of 4.3 months. Median survival time in

Table 1 Baseline characteristics of patients in the gemcitabine (GEM) and non-GEM groups
Non-GEM (n=41) GEM (n=50) P-value
Age (years)
Median (range) 60 (28~76) 59 (34-78)
>60 21 (51%) 29 (58%) 0.534
Sex
Male 27 (66%) 34 (68%) 1.000
Female 14 16
Primary tumor
Head 14 (34%) 10 (20%) 0.153
Body-tail 25 37
Post-resection 2 3
Eastern Cooperative Oncology Group performance status
0,1 36 (88%) 45 (90%) 0.750
2,3 5 5
Site of metastasis
Liver 36 (88%) 42 (84%) 0.766
Peritoneum 5 10
Lymph node 5 3
Lung 5 2
Bone 1 1
Soft tissue 1 1
Measurable lesion
Present 39 (95%) 43 (86%) 0.177
Absent 2 7
Carcinoembryonic antigen (ng/mL)
Median (range) 7.9 (1.5-9082) 12 (1.5-238)
>10 ng/mL 17 (41%) 32 (64%) 0.056
Carbohydrate antigen 19-9 (U/mL)
Median (range) 2046 (1-314 070) 1737 (1-38 712)
>10 000 U/mL 9 (22%) 7 (14%) 0.406
C-reactive protein (mg/dL)
Median (range) 0.8 (0-13.2) 0.7 (0-29.2)
>5 mg/dL 5 (12%) 9 (18%) 0.564
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Table 2 Treatment responses of patients in the gemcitabine (GEM) and non-GEM groups
Non-GEM (n=41) GEM (n=50) P value

Computed tomography response

Partial response 1 (2%) 5 (10%) 0.217

Stable disease 8 24

Progressive disease 18 8

Not evaluable 14 13
Serial carbohydrate antigen 19-9

Pretreatment level .33 39

>100 U/mL

Responder 2 (6%) 11 (22%) 0.029

Non-responder 31 28

GEM group was 5.73 months with 95% confidence
interval (CI) between 3.95 and 7.51. It was significantly
longer (P=0.0004) than that in non-GEM group
(median; 2.87, 95% CI; 1.72-4.02) (Fig. 1).
According to the calculating prognostic index,'? we
divided the 90 patients into three groups: good (n = 61),

intermediate (n=24), and poor prognosis groups

(n=5). Survival curves in the three prognostic groups
showed the index had a good validity (P=0.0069).
Because there were three censored cases within the esti-
mated median survival time, we compared each
patient’s estimated and observed survival time in the
remaining 87 (Table 3). Of 47 patients in the GEM
group, 28 (60%) showed favorable prognosis, and the
frequency was significantly higher than that (12 of 40
patients, 30%) in the non-GEM group (P= 0.009).

DISCUSSION

Gemcitabine was shown to be superior to 5-FU both in
the clinical benefit response and in overall patient sur-
vival.’ However, the incremental improvement in over-
all survival seen with GEM was minimal. In Japan,
GEM had been available for the treatment of PC in
clinical practice 2.5 years. In the current study, we sur-
veyed PC treatment outcomes to focus on the change
before and after the introduction of GEM.

We studied five outcomes: the objective response rate,
non-PD rate, CA19-9 response rate, actual survival
time, and difference between estimated and observed
survivals. The advantage of GEM was demonstrated for
four of these outcomes, but was not demonstrated for
the objective response rate. The objective response of
8% in the current study was similar to previous findings
of GEM monotherapy.*® Despite this poor activity for
tumor shrinkage, we favored GEM because of its clin-
ical benefit and manageable toxicity, which were diffi-
cult to evaluate in a retrospective analysis. There was a
definite antitumor effect in the GEM group, which was
indicated by non-PD and CA19-9 response rates, but
it was not strong enough to cause evident tumor
shrinkage.

We had to make survival comparison analyses care-
fully because various biases could not be excluded com-

Survival rate

Time after chemotherapy (months)

Figure 1 Survival curves of patients in the (—) gemcitabine
(GEM) group (n=50) and the (---) non-GEM group
(n=41). () Censored cases.

pletely in a retrospective study. Although this single
institution study warranted all patients to have the same
initial staging examinations, monitoring, and approach
to supportive care, historical changes of treatment strat-
egy might cause some biases. At first, we compared sur-
vival of all (locally advanced and metastatic) patients
who received chemotherapy alone. Before the introduc-
tion of GEM, we had treated locally advanced patients
by intraoperative radiotherapy trials.'*'> These trials
revealed that occult metastases were found in one-third
of the patients with CT-staging locally advanced disease
at the time of laparotomy. We thereafter selected only
good candidates for chemoradiotherapy, whereas 5-FU
based concurrent chemoradiotherapy was the standard
treatment for locally advanced PC.'*™'® As a result, we
treated more CT-staging locally advanced patients with
GEM compared with non-GEM chemotherapy.
Accordingly, we focused on metastatic PC patients in
the current final analysis. The introduction of the prog-
nostic model proposed previously'> was also used to
avoid the biases. The advantage of GEM was significant
in the two comparisons. At the initiation of analysis we
expected that there would be a subtle difference because
the survival advantage of GEM over 5-FU was reported
to be only 1 month in a previous randomized trial.?
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Table 3 Difference between estimated and observed survival time of patients in the gemcitabine (GEM) and non-GEM groups

Non-GEM (n = 40) GEM (n=47)

Estimated survival Observed survival time Observed survival time

Prognostic index time (months) <EST >EST <EST >EST
0 5.2 17 7 15 20
0.538 2.6 4 3 1 2
1.029 2 1 0 0
1.144 3 1 1 2
1.567 1 0 0 1
1.682 0 0 1 0
2.173 1.4 0 0 1 2
2.711 1 0 0 1

28 12 (30%) 19 28 (60%)

EST, estimated survival time.

There is an evident limitation in the comparison of
treatments in such a retrospective study. Various histor-
ical changes, such as technical improvement of diagnos-
tic modalities, staging methods, supportive treatments
and so on, usually result in better patient survival in
addition to anticancer treatment; however, we observed
some good responses since the introduction of GEM
treatment. From the current analysis, we suggest that
there was a definitive improvement of PC treatment fol-
lowing the introduction GEM.
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19974E, #4THEAS A 12 B W T gemcitabine (¥ = A
# — 1®) & 5-fluorouracil (5-FU®) & O AE &L LLEL
SRERIC X 1) gemcitabine D R HEAGEH S h, DI
gemcitabine ASHEFTHEAT AR T A ERIE{LFRIE L L
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1. {EREEAOERS

PP AN B\ THE, A5A DREATIE & FFRSE BRI
U CHBEEIRIRE 1, R, 7Yy
) — VIEAI & 2 BATEIERIE, BIRILEERRE
(TACE) #EHEEH & LTADRT 5. {L2HER,
B0 FIRESER AR 6, L ROBERAIER
WP, & UCEBEESE R & 5.

FFAITAAS A B ALERIEE, FEIIRA HIEAT
2R EIRIEAL R E (LR &, BHHIRS 2 v
SR L B S EERIEIC ST b b, i A

0287-3648/05/ ¥ 500/ 7% 3/JCLS

*EIL A 2 2 — RIFRATIERE AR

Tid, LR CRBETEELFRICLOFANSVE
s, WEEZPETLIAZHKREL, L0
WWEBEICEETALENHL. WREEFME LT
Child-Pugh# 845 N T % %%, Child-Pugh C
DI AR BT FREIEER L LTEETH .
2. BhEMbisEik

TACEESBIRL TACEDMEG & % & & WEXKIES,
SEMREEERBIESE RS, SITRYES
F— V25 L WIS ARIOAREZIENT HIEHR T,
FE bR L LTHlY EiF 5. b ETIEBIELE
#EEH] & L Cepirubicin(7 7 W ENVE ¥ V@), 5
fluorouracil S EIZ AV 5T & 7225, 20044 7 A,
cisplatin (7 4 —— 2 — )V®) DARBEIL 2K S L7z,
E 1 ELRBHOBRBRIEERT.

EpirubiciniZ— IS B EISHRE L HRESINLTW
29, MR 1 ASHU L REEEMIRER SRS 2
WHIC, FEBEOEMEEZRFLZEIA, 19%DR
MEAE SN, 2EMD OB L RDTVEY,
Cisplatiniepirubicin & ) BV HEERIRHFED 1,
SR LEEETOAMESEF I TV L2, BiiE
BRFREOREL Y, EELZAEERIP LRV
ZEHS, BRFEEICT)RETH LY, S-fluorou-
racil O ByE LR, FRAIENZ) F—/— T AT A
DHEBHINLETH S, 5 Tid5-fluorouracil & FEARE
e Lt EiEENR A SN, 5-fluorouracil + cis-
platin®°5~fluorouracil + interferon (IFEN) TEWRIE
BHEENTWAE?Y, L L, IhbOEELFRE
OEFERMBESFIIHILTBELT, LRz E
SR TORHVLETDS.
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£1 Hﬂ%&]ﬁ@b\“/» 39 2 E L EELEER
HASAH BEh®R MST(H) 144EHFR HisE G
Epirubicin 15% ( 8/53) 6.8 28% Epirubicin Study Group
in Japan(1987)
Floxuridine/LV/DXR/CDDP  41% (12/29) 15.0 54% Patt (1994)"
MTX/5-FU/CDDP/IFN 47%( 7/15)* 70 27% Urabe (1998)%
CDDP/IFN 33%¢( 6/18) 49 27% Chung(2000)?
CDDP/5-FU 48% (23/48) 102 45% Ando (2002)7
5-FU/IFN 52% (12/23) * — — 125 (2003) ¥
Epirubicin 19%( 3/16) * 6.0 21% Sk (2004)

MST : median survival time, LV ! leucovorin, DXR : doxorubicin, CDDP : cisplatin, MTX : methotrexate,
5-FU : 5—-fluorouracil, IFN ! interferon. * | FIIRIEE ZAeH] D A AT .

F£2 RS ACKHT 2 LL{L¥EE

A A #xE  MST(R)  1E&RFXR Wi ()
Mitoxantrone 23%( 4/17) 5.0 — Colleoni(1992) 10
CDDP 15%( 4/26) — — Okada(1993) "
Gemcitabine 18%( 5/28) 44 20% Yang(2000)
Gemcitabine 0%( 0/30) 6.9 40% Fuchs(2002) %
Epirubicin/etoposide 39% (14/36) 100 28% Bobbio-Pallavicini (1997) '
CDDP/DXR/5-FU/IFN  26% (13/50) 8.9 36% Leung(1999)®
5-FU/Mit/CDDP(FMP) 27%(14/51) 116 44% Ikeda (2005) "
EPI/CDDP/5-FU (ECF) 14%( 3/21) 100 70% Boucher (2002) ®
5-FU/IFN-a-2b 14%( 4/28) 15.5 62% Patt (2003)
*Doxorubicin 3% 2/60) 2.5 5% p=0.036 Lai(1988)%

BSC n=46 18 5%
*IFN- o 31%1(11/35) 2.6 18% p=0.047 Lai(1993)%

BSC n=236 1.8 3%
*Tamoxifen 0% 0/58) 14.3 51% p=0.75 Castells(1995)%

Placebo n==62 6.0 43%
*IFN- 7 %( 2/30) 15.2 58% p=019 Llovet(2000)%

BSC n=230 72 38%

MST : median survival time, CDDP : cisplatin, DXR : doxorubicin, 5-FU : 5—fluorouracil, IFN ! interferon,
Mit : mitoxantrone, EPI : epirubicin, BSC : best supportive care. * | E{E& {LILTBEER.

3. 25{t¥EE
R bRk & FAk, EREROBISE & 526,

‘TACEDE#F, BLUHEBERFICEESINS. M
IREEERFIIBO CFREVIFARTHY, REDL T
A4 AL R TIARBLIIED T4 <, HEEI3EE
L,

HHNTI5% U EOBRMEI;RE SN T B EAN,
cisplatin, mitoxantrone(/ /%> b1 v®) %2 &, g
Th B, % H P HEE T, 5fluorouracil/mi-
toxantrone/cisplatin (FMP), cisplatin/doxorubicin/
5—fluorouracil/IFN-a T25% % M 2. 5 @\ BRI R H
EXINTVWS(F2)., IhE THHEBRIPAREZNR
L EAEBILBERBRIVWEONThhTw 5.

Doxorubicin Tid, MFBRHEICILABRICEFHH O
EENE SN TV S, tamoxifenRIFN- ¢ Tk
HFHEOBZRIEZAL TR WED . Th T TR
BATHE, FREEHERKRISEILILTELT, &
R 2 fMEEE & L KBERBRSLETHS. £
7z, WMBEPARLEFREFEELEETH Y,
VEGFRIEEX 2 L OGS FEMNEORENMFINT
w5,

1. & {LEAEEOMES
RS ks 51 B LSRRI, B TRDD b D
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BRESFZORKERE

FiAhsAH B S MST(B) 14EEAES EE (REE)
Gemcitabine 22%( 7/32) 115 44% Penz{(2001)%
Gemcitabine 36%( 9/25) 7.0 17% Gallardo (2001)*
LV/5-FU/CDDP 349 (10/29) 95 50% Taieb (2002)%
5-FU/LV/oxaliplatin 19%( 3/16) 9.5 - Nehls (2002) %
Gemcitabine/docetaxel 9% ( 4/43) 11.0 42% Kuhn (2002)®
CDDP/EPI/5-FU 19%/( 7/37) 5.9 24% Morizane (2003)*
Gemcitabine/oxaliplatin ~ 33%(11/33) 15.4 57% Andre (2004)%"
Gemcitabine/5-FU/LV 12%( 5/42) 9.7 36% Alberts (2005)*
EPI/CDDP/UFT/LV 23% ( 9/40) 7.9 32% Park (2005)%
Gemcitabine/CDDP 28% (11/40) 8.4 - Thongprasert (2005) *
Gemcitabine/capecitabine 31% (14/45) 14.0 49% Knox (2005)*
*MMC/gemcitabine 20% ( 5/25) 6.7 - Kornek (2004) %

MMC/capecitabine " 31%/( 8/26) 9.3 -

MST : median survival time, LV : leucovorin, 5-FU :5-fluorouracil, CDDP : cisplatin, EPI: epirubicin,

UFT ! tegafur-uracil, MMC : mitomycin C. * e B LR EA.

DREBNI <, PRTEOETPIIEENRL 2 5.
¥ 72, JEEDADLEREOHRBEMERFTL 2L
%, BB LEREE S SRR R (PS2) I,

BiF A (PS0 - 1) TTFROWELFSF TS
YARERENTE Y, FRTEEFREZ TIER
L7 LCHEib 2 ZEETNETH 2.
2. £H{EFEEAOTIK

= 3 ICREDOERLEREOBEREERT. FH
BT & BAESEEENS ¢ A b N, Tl Tldgemcit-
abine® HAIEH & LS HIGERBEIC LY, LEIE
WEREARE SNOoDd S, PAETIEBE, HE
AN RBEGARE S T 5 AN, tegafur-
uracil (UFT®), doxorubicin (7 ¥ 7 ¥ ~®), cytara-
bine (¥ T4 4 F®; 772 LIOFUEHR L BRI IZIR
LbhTwh, Lal, hb OFEH T A F S
TEF, JREAAACE N 2 EE O L RIEIGR O
VAEETHD. i, HATETidgemcitabineXS-1
12k B GIRRBAT b, RREEORBHIYE SN
TWwWh.

1. 25{¥EEORK

19974F, 5—fluorouracil & @ JE{EALILBEERIC & 0
gemcitabine®# FIHEAH & 22 & 7 b, gemcitabine?®
AT ANC BT B E o R REIE  LCREICEL
A3 723, Gemcitabineldcytarabine & HEHI AL
- RBHEREICE S NATIAFITH Y, MABNT

=y UBcRRE S h, DNAGBRAEETHZ LIS
10, muwBMRER 2R 7. ORE T b 7z 5-fluoro-
aracil & O EVEBLILEIRER T3, gemcitabineBFiCd
WY, performance status, RE R 7 ERERARA
MEAZRICED SN, EEHEICBVLTLERED
HoNTz. BHFETHE1IHRBFLTON, FAROE
BT TH S 2 LR S, BRIRICBNT
RN EORBEIES NI L2, RIBEIEHK
Wx W, BIE, gemcitabine 1,000 mg/m?, & 1 [H,
3EFE, 1EAkER 13- LTHYETHRSS
HagkEEE LUThh T 5.

—7, gemcitabinePHE5EEEXLH I LITLY, €
DEBENRE D L2RATHN TS, Temperob
ix, gemcitabineDIEMAETH 5= ¥ BRLH OB
Y58 L B EREICETELTHY, 10 mg/m¥/mindt
BEEABESEAETHL L V) ERER, DL, 1,500
mg/m?% 1509 THR 5 1 % ® & # K (10 mg/m?/
min) ##A TV 5. 2,200 mg/m*% 3057 TG T 577
L OMIEELILEE 2 R TIE, BHREIWET
ERH BN Do T2 b OO, ELEHE I E (MST) i
807 A L5040, 1FEFEIIWBI%EIN%L, EH
MR ECHBRICETTH S I LR ENSY. B,
B o study group Td 5 ECOGIZE T, gemcita-
bine 1,000 mg/m2l= & % M 55, gemcitabine e ®
#EHE, gemcitabine 1,000 mg/m? B HFER 5 &
oxaliplatin (T V77 v +®) O FIRE (GEMOX) O 3
BT kB REE R A LB TT bR T 5.

Gemcitabine/HEME A L L THEL L7z &3V R,
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T4 ETEPACET Bgemcitabine Ik &L ¥ X > DEEBILILEHER

A A n BRE MST(H)  1EAER % (HELE)
Gemcitabine 63  54% 5.7 18% _
5-FU 63 0% 44 90, D=00025 Burris(1997)"
g:z;lsti‘?{;e 123 22:2 Zi ig:ﬁ p=009  Berlin(2002)%
gzgg&;’];e Zz 132:2 Zg _ p=012  Heinemann (2003)"
Gemrmancsn 109 1019 05 g 70T MoehalimaCmn®
Gomossipain 157 7% o o P71 Lewerooy®
S T R ——
Comvpemetscsed 9 103% o5 g PTO%  Nebardsong
Gomjeroms 100 0% b4 oy DI Mooreloo9®
Comeapeciabine 90 1019 54 gy P09 Hormamiaus)

MST : median survival time, 5-FU ! 5-fluorouracil, Gem : gemcitabine, CDDP : cisplatin.

DIBRBEBIEKAMETE B DD TRV, BE,
gemcitabine & D IEH) & DO FHIEBEIBAIIRHA S
nTwvwa. T F T5-~fluorouracil, cisplatin, irinotecan
(127 }®), oxaliplatinZe & & OHFRABEIC L 24 3
MHERERELMEEN TS (F4)9, L0
IRIEIC BV T gemcitabine BN HL B W BRI A
bh2b0D, WHLLEFHHOERIZED Sk
o7z, 2005 ASCOR#ETIX, EGFRRHET 55
FHEHEerlotinib & gemcitabine D B B 4?‘?27)‘;, gemcit-

BERLLDTFEZENICLERE, wh)b5TF1EY
1B # (molecular targeting therapy) SESE X h T 5.
BEMR A BT D, EGFR(epidermal growth factor
receptor), VEGER (vascular endothelial growth fac-
tor receptor), MMP (matrix metalloproteinase), K-
ras@fZ T DRELE, A A TENVPHEL M E 2o
TWh., BPACBIT 55 FENEE LTI, £ick
~7zerlotinib® 12 74212 b VEGFRI E #bevacizumab,
EGFRFEE H cetuximabZ: E4%EH &, gemcitabine

abine Il & DEAELLILBERBRICB W, ABIARE
HilzgELHESH, EHEEDL. LiL,
ZDEZHLTITHY, RAFEARECEONIFER
S HICFHMICHRETT A LEND 5.

Gemcitabine ISA D FEH & LT, HA%E Tldirinote-
can®S-1(7 1 — LR 7 V®) & LOBEARATb R,
HOWEMEIAD LN T H89 F 72 S-1 ¢ gemcit-
abine & O AFEICL 28 1 HABRIITHNI, 30~
D EFOBMEIHRBREND L2550, SHEIC
L BHRBEAITONOD0H 5.
2. DTFERE

BADGFEYE, TFREFOZELERIZLY,
AR RN 72 BIR TR S 7k V) , TD

& DBERBRIC L 2 RIRRBRITh T 5505,
3. 25{bEEEOES
UIRTREDREITEA A, ERERT RO 2 VWA

ETP L EREBEET AP 5N B, UICCHE
6 MU & BETESE T, RETETI A LEIEEIR,
B B\ i LG IR B IR IZE % 389 5 T4ANxMO (Stage
M) icH720, ERERIETNIMI (StagelV) 1272 5.,
H IR BT, B gemcitabinelZ & 3 & & b2
AHEHBEE LTITAN TV S, BEFFETFIZBWT
{&, 5—fluorouraciltc & % [ f F g A b S 15 A3
HRFE LTREBEDT SN Tw oS, MSEks s
MBH LB Eh D, gemeitabinell & 5 & G b2k
‘L% (TN TWwb, Gemcitabine® fily & U724
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17k BT LR E b RA LN TV B A, BLo7e
EEREEE LN TRV, B, RFTETESA
BT, DLARILLTWAEVSTD
WWIRIRTH Y, L DA RIEGREOREE L BT,
B b 29k & gemcitabine % v 72 & & L AR
X B RBME R HBEREBR D LETH S,

BbhoIC

E - 3 - A A BV T, WBRRERETAC
T D IBERIE 2 2 5 BT, (LEREGERLRE
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Current Status of Systemic Chemotherapy for

Hepatobiliary and Pancreatic Cancer

Junji Furuse, Hiroshi Ishii, Kohel Nakachi,

Eiichiro Suzuki and Masahiro Yoshino*

*Division of Hepatobiliary and Pancreatic Oncology, National Cancer Center Hospital East

Gemcitabine has shown promise in advanced pancreatic cancer in a randomized trial comparing
it with 5-FU. Gemcitabine is more effective than 5-FU in alleviating some disease—related symp-
toms, and it also offers an advantage in terms of survival rate. Gemcitabine has been accepted as
the standard agent for the treatment of advanced pancreatic cancer, and despite numerous trials
comparing gemcitabine—based combination chemotherapy and gemcitabine alone, no regimen has
been found to have a definite survival advantage over gemcitabine alone. Molecular targeting
agents, such as erlotinib, bevacizumab, and cetuximab, have recently been used in gemcitabine—
based combination chemotherapy for pancreatic cancer. No regimen of systemic chemotherapy
has shown a definite clinical benefit for hepatobiliary cancer. Most chemotherapy regimens have
been performed as clinical trigls, and although no usefulness of systemic chemotherapy for hepa-
tocellular carcinoma or biliary tract cancer has been demonstrated in any of them, some promising
agents are being developed, e.g. hepatic arterial infusion chemotherapy with 5-FU and CDDP
or 5~FU and interferon for hepatocellular carcinoma, and gemcitabine or S-1 for biliary tract can-
cer. Well-designed clinical trials are needed to establish a standard regimen for advanced hepa-

tobiliary cancer.
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Phase | trial of oral 5-1 combined with gemcitabine in metastatic
pancreatic cancer
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The objective of this study was to determine the maximum tolerated dose (MTD) and dose-limiting toxicities (DLTs) of S-1, an oral
fluorouracil derivative, combined with gemcitabine, the current standard treatment for advanced pancreatic cancer (APC). The
subjects were histopathologically proven APC patients with distant metastasis. S-1 was administered orally twice daily each day for 14
days and gemcitabine on days 8 and |5 of each cycle, and this was repeated every.21 days. Doses of each drug were planned as
follows: level |: 800/60, level 2a: 800/80, level 2b: 1000/60, level 3: 1000/80 (gemcitabine (mgm~2)/S-1 (mgm™2day™")). In all, 21
patients with APC were enrolled, The main grade 3—4 toxicities observed during first cycle were neutropenia (33%), anaemia (10%),
thrombocytopenia (14%) and anorexia (10%). There were no DLT observed in leve! |. Three of six patients in level 2a had DLT and
this level was considered the MTD. In all, 12 patients in level 2b had no DLT and this level was selected as the recommended dose.
Applicable responses were one complete response and nine partial responses (48%). As toxicities were well tolerated and
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The incidence and mortality of pancreatic cancer has increased so
rapidly over the past 20 years in Japan that it is now the fifth
leading cause of cancer mortality in the country (Matsuno et al,
2004). The 5-year survival rate is still poor, at less than 10%,
commonly considered to be linked to the high incidence of distant
metastasis even at initial diagnosis, as well as the tumour’s
resistance to anticancer agents. Innovation in systemic chemother-
apy is thus urgently needed to improve the survival of patients
with pancreatic cancer (Glimelius er al, 1996; Evans et al, 1997).
Since 1997, gemcitabine has been the most widely used
chemotherapeutic agent in advanced pancreatic cancer (APC)
and was reported to have significantly better symptom control in
APC compared with 5-FU in a randomised phase III clinical study
(Burris et al, 1997). Even with gemcitabine, however, mono-
therapy has obvious limitations in APC and various combinations
with other agents have been investigated. The combination of
gemcitabine and 5-FU is shown to have a marked synergistic
cytotoxic effect against pancreatic cancer cells in in vitro assay
(Bruckner et al, 1998). Phase I and II studies of combined therapy
of gemcitabine with 5-FU demonstrated superior results (Berlin
et al, 1998, 2000; Cascinu et al, 1999; Hidalgo et al, 1999; Matano
et al, 2000). However, adding weekly intravenous bolus 5-FU to
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antitumour activities seem to be promising, this combination can be recommended for further phase 1l studies with APC,
British Journal of Cancer (2005) 92, 2134-2139. doi:10.1038/sj.bjc.6602644  www.bjcancer.com
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weekly gemcitabine did not confer a significant survival benefit in
a randomised trial (Berlin et al, 2002). There are no randomised
data on the combination of infusional 5-FU with gemcitabine in
APC.

§-1 is a new oral fluorinated pyrimidine developed by Taiho
Pharmaceutical Co. Ltd (Tokyo, Japan). The agent contains tegafur
(FT), 5-chloro-2,4-dihydroxypyridine (CDHP) and potassium
oxonate (Oxo) in a molar ratio of FT:CDHP:0x0=1:0.4:1,
based on a biochemical modulation of 5-FU (Shirasaka et al,
1996a,b). Tegafur, a prodrug of 5-FU, is gradually converted to 5-
FU and is rapidly catabolised by dihydropyridine dehydrogenase
(DPD) in the liver. 5-Chloro-2,4-dihydroxypyridine is a competi-
tive inhibitor of 5-FU catabolism, being about 180 times more
potent than uracil in inhibiting DPD (Tatsumi et al, 1987). When
tegafur is combined with CDHP, the resulting high 5-FU levels are
maintained in both plasma and tumour. In addition, it has been
suggested that CDHP has the potential to enhance the antitumour
activity of 5-FU against subcutaneous tumour in nude mice, using
human pancreas carcinoma cells with a high tumoral DPD activity
(Takechi et al, 2002). Oxo inhibits the enzyme orotate phosphor-
ibosyltransferase, the major enzyme responsible for 5-FU activa-
tion in colon cancer (Peters et al, 1991). Oxo preferentially
localises in the gut rather than in the tumour and has a potential
biochemical effect on the enzyme orotate phosphoribosyltransfer-
ase, thereby selectively inhibiting the formation of 5-FU nucleo-
tides in the gut and theoretically reducing gastrointestinal side
effects (Takechi et al, 1997). In phase II studies for advanced
gastric cancer conducted in Japan, S-1 showed high response rates
of 44-49% (Sakata et al, 1998; Koizumi et al, 2000), and the
usefulness of S-1 was also reported in head and neck (Inuyama
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et al, 2001), breast (Saeki ef al, 2004) and colorectal cancer patients
(Ohtsu et al, 2000). In studies outside Japan, the phase II studies of
S-1 against gastric (Chollet et al, 2003) and colorectal cancer (Van
den Brande et al, 2003) in Europe by the EORTC-Early Clinical
Study Group revealed moderate activity. The antitumour activity
of S-1 in patients with pancreatic cancer has not yet been
investigated outside Japan, but preliminary favourable results of S-
1 have been reported in Japanese earlyphase II study of patients
with APC (Okada et al, 2002).

The administration of oral S-1 is more convenient and simulates
the effect of continuous infusion of 5-FU., We anticipated that
combination chemotherapy of gemcitabine and $-1 would be
effective through the additive and synergistic activity of gemcita-
bine and 5-FU derived from S-1. As yet, the combination regimen
of gemcitabine and S-1 for patients with APC has not been
investigated. Therefore, the author performed a phase I study to
evaluate the safety of treatment combined gemcitabine with S-1
and to determine the maximum tolerated dose (MTD) of each drug
for patients with APC.

PATIENTS AND METHODS

Patient selection

Patients with histopathologically proven APC with distant
metastasis were eligible for the study. Other eligibility criteria
included: 20 -74 years of age, Eastern Cooperative Oncology Group
(ECOG) performance status of 2 or less (ambulatory and capable of
self-care), estimated life expectancy of more than 2 months,
adequate renal function (normal serum creatinine and blood urea
nitrogen levels), liver function (total bilirubin level <2.5 times
upper normal limit (UNL) or <3 times UNL after biliary drainage
if the patient had obstructive jaundice and serum transaminases
(GOT, GPT) levels <2.5 times UNL or <3 times UNL), bone
marrow reserve (white blood cell count between 4000 and
12000 mm™>, neutrophil count 32000 mm™>, platelet count
100000 mm > and haemoglobin level >9.5 gdl™") and pulmon-
ary function (Pa0,>70 mmHg). If the patients had a previous
history of cancer treatment, that treatment (tumour resection,
chemotherapy, immunotherapy, or radiotherapy) had to have been
discontinued for at least 4 weeks before entry into the study. All
subjects provided written informed consent:

The exclusion criteria were as follows: pulmonary fibrosis or
interstitial pneumonia, marked pleural or pericardial effusion or
marked peripheral oedema, severe heart disease, difficult to
control diabetes mellitus, active infection, pregnant or lactating
females, women of childbearing age unless using effective contra-
ception, severe drug hypersensitivity, metastases to the central
nervous system, severe neurological impairment or mental
disorder, active concomitant malignancy and other serious
medical conditions.

This study was approved by the institutional review board of
Chiba University Graduate School of Medicine.

Study design

This was an open-label, single-centre, nonrandomised, dose-
escalating phase I study. All laboratory tests required to assess
eligibility had to be completed within 7 days prior to the start of
treatment. S-1 was administered orally twice daily after a meal for
14 consecutive days (from the evening of day 1 to the morning of
day 15), followed by a 1-week break. Each capsule of $-1 contained
20 or 25 mg of tegafur. Individual doses were rounded down to the
nearest pill size less than the calculated dose, given the available

formulation. Gemcitabine was administered as a 30-min intrave-

nous infusion on days 8 and 15 of each cycle. The cycle was
repeated every 21 days. This schedule was based on an in vitro

© 2005 Cancer Research UK

study which showed maximum synergy when fluoropyrimidine
precedes exposure to gemcitabine (Rauchwerger ef al, 2000). The
dose of each drug in this study was planned as follows: level 1 was
S-1 60 mgm~>day~" and gemcitabine 800 mg m~2, level 2a was S-1
80mgm~>day™" and gemcitabine 800 mg m~2, level 2b was S-1
60mgm~*day~"' and gemcitabine 1000 mg m™, level 3 was S-1
80mgm day™' and gemcitabine 1000 mg m~2 However, only
when neither level 2a nor level 2b reached the MTD would patients
be assigned to dose level 3.

Definition of dose-limiting toxicities (DLTs) and MTD

Dose-limiting toxicities (DLTs) were determined during the first
treatment cycle. Dose-limiting toxicity was defined, using the
National Cancer Institute (NCI) Common Toxicity Criteria (CTC)
scale (version 2.0), as one or more of the following effects
attributable to study drug: (a) grade 3 or 4 neutropenia
complicated by fever; (b) grade 4 neutropenia lasting longer than
4 days; (c) grade 4 thrombocytopenia; (d) any other grade 3-4
nonhaematologic toxicity except anorexia, nausea and vomiting in
the absence of appropriate antiemetics and (e) delay of recovery
from treatment-related toxicity for more than 2 weeks. At least
three patients were enrolled at each dose level. If DLT was
observed after the first cycle in one or two patients, three
additional patients were placed on that dose level. If only one or
two of six patients experienced DLT, dose escalation would
continue. There was no dose escalation in individual patients. The
MTD of the combination was defined as the dose level that
produced DLT in >3 of six patients or in all of the initial three
patients. The recommended dose (RD) was defined as the dose
level that is one level under MTD considering the toxicity and
tolerability in outpatient setting.

Pretreatment and follow-up studies

Before entry into the study, all patients gave a full history and
underwent a physical examination. A complete blood count (CBC)
with differential, electrolyte levels, and creatinine levels were
measured. Routine chemistry tests, urinalyses and 24-h urine
collections were performed to detect proteinuria. Electrocardio-
grams, chest X-rays and computed tomographic scans of the chest
and abdomen were performed at baseline- -in--all—patients.
Additional imaging investigations were performed if clinically
indicated or for disease measurement. A complete blood count
with differential, serum chemistry, creatinine level, and electrolyte
level were measured weekly. Computed tomographic scanning and
imaging of the measurable disease to assess tumour response were
performed every two cycles. At the completion of the study, all
clinical, laboratory, radiologic imaging and other evaluations were
repeated. After completion of the study, patients underwent
follow-up examinations every 2 months until death. Additional
treatment after disease progression was left to the discretion of the
treating physician.

Assessment of efficacy

All patients were included in efficacy measurements on an intent-
to-treat basis. Tumour responses were evaluated according to the
World Health Organization’s criteria (World Health Organization,
1979). A complete response (CR) was defined as the disappearance
of all evidence of cancer for 4 weeks or longer. A partial response
(PR) was defined as a 50% or more reduction in the sum of the
product of the longest perpendicular dimensions of all lesions for 4
weeks or longer without any evidence of new lesions or the
progression of any lesions. Stable disease (SD) was defined as less
than a 50% reduction or less than a 25% increase in the sum of the
product of the longest perpendicular dimensions of all lesions
without any evidence of new lesions. Progressive disease (PD) was
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defined as a greater than 25% increase in one or more lesions or
the appearance of any new lesion. To assess objective response,
patients were evaluated every 6 weeks (two cycles) by three
independent radiologists.

Serum CA19-9 levels were measured every 4 weeks during the
chemotherapy using a commercially available chemiluminescent
enzyme immunoassay based on the two-step sandwich method
(CL-EIA). A value of 37 U ml™" was defined as the upper limit of
the normal.

Overall survival was estimated from the date of first treatment to
death or last follow-up visit, calculated using the Kaplan-~Meier
method, and confidence intervals (CI) were based on Greenwood’s
formula.

RESULTS

All 21 patients with APC registered between January 2003 and
March 2004 had primary sites. Out of 21, 18 patients had liver
metastasis except one who had lung metastasis, and two who
presented with peritoneal carcinomatosis only (Table 1). Although
the eligibility criteria included patients who had a previous history
of cancer treatment (tumour resection, chemotherapy, immuno-
therapy, or radiotherapy) before entry into the study, in actuality
no patients had previously received such treatment.

Table | Patient characteristics
Patients enrolled 21
Men 10
Women 11
Age, years
Median 61
Range 48-73
ECOG status
0 8
| i
2 2
-Sites of metastatic disease
Liver 18
Lung 3
Peritoneum 2
Table 2 Dose levels
Dose S-1 (mgm™2 day™': Gemcitabine (mg m % No. of
level 2 weeks) on days 8, I5) patients
| 60 . 800 3
2a 80 800 6
2b 60 1000 12

Table 3 Haematological toxicity during first cycle (in all cycles)

The numbers of patients at each level are shown in Table 2.
Three patients were assigned to dose level 1 without DLT. At dose
level 2a, DLT was observed in two of the first three patients; thus
three additional patients were assigned to this level. Dose-limiting
toxicity was observed in three of six patients, and level 2a reached
MTD. Thus, three patients were assigned to level 2b and no DLT
was observed in the first three patients. However, nine additional
patients were assigned to this level to explore the responses to and
continuity of the treatment.

Toxicity and treatment cycles

The most common toxicities observed during the first cycle of
chemotherapy are listed in Tables 3 and 4. Of three patients in level
1, one had thrombocytopenia of grade 3, but no DLT leading to
MTD was observed in any patient. Of six patients in level 2a, grade
3-4 neutropenia occurred in four patients, grade 3 anaemia in one
patient and grade 3 thrombocytopenia in two patients. In terms of
nonhaematological toxicities, grade 4 anorexia, grade 3 nausea and
grade 3 rash occurred in one patient, each. Three of six patients at
level 2a showed DLT; one patient developed sepsis with grade 4
leukopenia and neutropenia, a second patient developed a grade 3
rash and a third patient developed grade 2 leukopenia, not
recovering within the planned period, Thus, DLT was observed in
three of six patients, and level 2a reached MTD. Of 12 patients at
level 2b, grade 3 to 4 neutropenia occurred in three patients and
grade 3 anaemia in one patient, while grade 3 anorexia occurred in
one patient, and DLT leading to MTD was not observed. Based on
these results, level 2b was selected as the RD for the phase II study
we are to conduct.

The median and range of the treatment cycles and the number of
patients who received a dose reduction were shown in Table 5.The
median number of cycles delivered at dose level 2b, which was
selected as the RD, was four, and only six of 61 cycles at this dose
level needed to reduce their dose of gemcitabine.

Efficacy

Although assessment of tumour response was not a primary
objective of this study, patients were evaluated for tumour
response every two cycles (6 weeks) of the treatment. All 21
patients were assessed for response during this treatment.
Responses in the 21 assessable patients were: one CR (dose level
2a), nine PRs {(one at dose level 1, three at dose level 2a and five at
dose level 2b), six stable disease (two at dose level 1, one at dose
level 2a, and three at dose level 2b) and progression in only five
patients (one at dose level 2a and four at dose level 2b). As a result,
10 of the 21 patients (48%) showed complete or PRs (Table 6). The
value of CA 19-9 before treatment was elevated (>37U17") in 15
of 21 patients. Of those 15 patients, CA 19-9 decreased 50% or
more compared with the level prior to treatment in'seven (47%)
and showed a normal value in three (20%). In contrast, an increase
of CA 19-9 was observed in only four patients (27%). At present,
seven patients are still alive. After a median follow-up of 8.9

No. of patients (cycles) with grade of toxicity

Neutropenia Anaemia Thrombocytopenia
Dose level Total no. of patients (cycles) 1-2 3-4 -2 3-4 [=2 3-4 DLT
| 3(27) 2(13) 0 (5) 35 o 2 (6) 1 (5)
2a . 6 (66) 2 (34) 4(22) 5 (15) I (5) 4 (13) 2 (13) 2
2b 12 (61) 7 (25) 3 (6) 5 (8) 1(2) [1(13) 0 (0)
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Table 4 Nonhaematological toxicity during first cycle (in all cycles)
No. of patients (cycles) with grade of toxicity
Anorexia Nausea and vomiting Rash

Dose level Total no. of patients (cycles) 1-2 3-4 I-2 3-4 |=2 3-4 DLT

| 327) Q) 0 (0) () 00 3(6) 00

22 6 (66) [ (4) () I (5) [ (2) 3(7) 0!

2b 12 (61) 2 (5) () 5 (8) 0 (0) 1 (12) 0 (0)

Table 5 Duration of administration and dose intensity

No. of cycles Cycles with dose reduction in gemcitabine

Dose level S-l/gemcitabine (mg m%) MNo. of patients Total Median (range) No. %

| 60/800 3 27 10 (3-14) 5 19

2a 80/800 6 66 7 (2-20) 31 47

2b 60/1000 12 6l 4(2-10) 6 10
Table 6 Objective tumour response

Response

Dose level No. of patients CR sD PD Response rate (%)
Level | 3 0 2 0 33
Level 2a 6 I | | 67
Level 2b 12 0 3 4 42
Total 21 I 6 5 48

months (range, 2.2-16.1 months), the median survival time was
9.3 months (95% CI, 6.3-12.3%) and the 1-year survival rate was
35% (95% CI, 12-58%).

DISCUSSION

The primary end point of this trial was to define a chemotherapy
regimen with an acceptable toxicity profile that could potentially
improve the therapeutic efficacy of gemcitabine in patients with
pancreatic cancer. S-1 has been selected as a candidate to be
investigated in combination with gemcitabine in patients with
pancreatic cancer because of its consistent activity as a single agent
in this disease and because of the lack of cross-resistance between
gemcitabine and 5-FU derived from S-1, as suggested by the
observed activity of gemcitabine in patients refractory to 5-FU
(Rothenberg et al, 1996). Also, gemcitabine combined with
infusional 5-FU has been noted to possess synergy in in vitro
cytotoxicity in a variety of malignant cell lines, including
pancreatic cancer (Bruckner et al, 1998). Therefore, we expected
additive and synergistic efficacy by combining gemcitabine with S-
1, hoping that it would mimic the continuous infusion of 5-FU and
also have DPD inhibition, leading to enhancement of antitumour
activity (Takechi et al, 2002).

When considering this study regimen, the authors considered
the possibility that this combination of gemcitabine with $-1 might
produce more severe toxicities than those generated by gemcita-
bine alone. Thus, we tried to lessen the frequency of gemcitabine in
this regimen, administering it twice every 3 weeks. S-1 has already
undergone phase I and II testing in several solid tumours in Japan
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and western countries. The DLT was myelosuppression in a
Japanese phase I study (Taguchi et al, 1997), and diarrhoea in a
European and a North-American phase I study (van Groemingern
et al, 2000; Hoff et al, 2003). In Japan, the standard single-agent
dose is 80 mgm™*day ™" for 28 consecutive days, every 5-6 weeks,
although the RD of $-1 was 70 -80 mg m™? for 28 consecutive days,
every 5 weeks in Europe, and 60 mgm™2 for 28 consecutive days,
every 5 weeks in the US, divided into twice-daily doses.
Consequently, we conducted this study in an attempt to maintain
the same dose intensity as that used in the standard S-1
administration, but in combination with gemcitabine. Both of
the phase II trials in Japan revealed that low grades of
gastrointestinal toxicities, including nausea, vomiting and anor-
exia, and of myelotoxocities such as neutropenia, occurred
frequently during the third week of S-1 administration. Therefore,
we adopted the regimen of S-1 administration for 14 consecutive
days repeated every 3 weeks to avoid severe toxicity. The dose
intensity of S-1 in this regimen amounts to almost the same level as
that in Japanese standard regimen: S-1 for 28 consecutive days,
every 5-6 weeks. Also, given that an in vitro study of pancreatic
cancer cells has also demonstrated maximum synergy for
gemcitabine when exposure to a thymidylate synthase inhibitor
such as 5-FU precedes exposure to gemcitabine (Rauchwerger
et al, 2000), we adopted the regimen of gemcitabine administration
on days 8 and 15 after S-1 administration of each cycle.
Myelosuppression, especially neutropenia, frequently seen in the
combination of continuous infusion 5-FU and gemcitabine, was
predicted as the main toxicity of this study. In this study, the
incidence of grade 3 or 4 neutropenia during the first cycle was
higher than that of other toxicities, with four of six patients at dose
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