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Although the effects of sex and age on model-independent
pharmacokinetic parameters of gemcitabine were detected in
our previous univariate analysis,' they were not significant in
the current multivariate analysis. On the other hand, a signif-

" icant effect of coadministered S-1, an oral derivative of fluor-
ouracil, was revealed (approximately 20% higher clearance
than in patients treated with gemcitabine monotherapy). In this
study, nine of ten patients were coadministered S-1 in the
morning a couple of hours before gemcitabine treatment. It
might be noted that thymidylate synthase inhibitors such as
fluorouracil can upregulate expression of hENTI, a major
transporter of gemcitabine.”’! Moreover, Nakahira et al2l
recently reported that significant increases in hRENT1 expres-
sion and gemcitabine uptake were observed after S-1 treatment
in mice. However, since the study duration was too short for S-1.
‘to reveal the effects on expression of hRENT1 in our study, the
clinical significance of coadministration of S-1 and gemcitabine
should be further investigated. In this study, four patients re-
ceived fluorouracil after treatment of gemcitabine, and no ef-
fects of fluorouracil on the pharmacokinetics of gemcitabine
were observed. :

The metabolite dFdU is inactive and is eliminated mostly by
renal excretion.?] However, its pharmacokinetic parameters
can be surrogate biomarkers of gemcitabine exposure or CDA
activity because they correlate well with pharmacokinetic pa-
rameters of gemcitabine (data not shown). Serum creatinine
levels and age were shown to significantly affect the clearance of
dFdU. The association between dFdU clearance and renal
function was also reported by Jiang et al.l?]

Conclusion

We performed population pharmacokinetic analyses of
gemcitabine and dFdU in Japanese cancer patients. Clearance
of gemcitabine was decreased by CDA 208G>A (Ala70Thr, *3)
and was slightly increased by CD.A4-31delC and coadministra-
tion with S-1. Clearance of dFdU was influenced by renal
function and age.
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S-1, an oral fluoropyrimidine derivative, has been shown to be
clinically effective against various solid tumors, and preclinical
studies have demonstrated activity against hepatocellular carci-
noma. We conducted a phase I/ll study in patients with advanced
hepatocellular carcinoma to examine the pharmacokinetics, recom-
mended dose, safety and efficacy of S-1. In phase |, the adminis-
tered dose of S-1 was approximately 64 mg/m” per day in three
patients (level 1) and approximately 80 mg/m? per day in six
patients (level 2). There was no dose-limiting toxicity at level 1,
but two patients had dose-limiting toxicity at level 2 (grade 3 anor-
exia and grade 2 rash requiring eight or more consecutive days
of rest). The recommended dose was finally estimated to be
80 mg/m? per day. There were no significant differences in the
pharmacokinetics of S-1 between patients with Child-Pugh A and
those with B. in phase I, five of 23 patients (21.7%) had partial
responses. The median progression-free survival and overall sur-
vival were 3.7 and 16.6 months, respectively. The most common
toxicities of grade 3 or 4 were elevated serum aspartate amino-
transferase levels, hypochromia and thrombocytopenia. In conclu-
sion, S-1 showed an acceptable toxicity profile and promising
antitumor activity for hepatocellular carcinoma, warranting fur-
ther evaluation in randomized dinical trials. (Cancer Sci 2010; 101:
2606-2611)

epatocellular carcinoma (HCC) is one of the most com-
mon cancers in the world. Outcomes remain poor because
the disease is usually advanced and associated with hepatic
impairment at diagnosis, and because of the high rate of recur-
rence resulting from either intrahepatic metastases from the pri-
mary tumor or multicentric lesions. As for therapy, surgical
resection and percutaneous ethanol injection (PEI) or radiofre-
quency ablation (RFA) are considered the mainstays of treat-
ment in patients with potentially curable disease. Transcatheter
arterial chemoembolization (TACE) is the treatment of choice
for noncurative HCC. Despite numerous clinical trials of a wide
variety of cytotoxic agents, survival remains dismal in HCC.\"
Recently, sorafenib, an oral multi-kinase inhibitor that targets
mainly Raf kinases and receptor tyrosine kinases associated with
angiogenesis (vascular endothelial growth factor receptor [VEG-
FR]-2/-3 and platelet-derived growth factor receptor [PDGFR]-
B), provided a significant survival benefit in patients with
advanced HCC enrolled in placebo-controlled, randomized,
phase IIl trials, including Asian as well as European sub-
jects.®* An initial phase I study in Japanese patients with HCC
associated mainly with hepatitis C virus (HCV) infection
showed promising antitumor activity and a favorable tolerability
profile.” However, further improvement in the treatment of
advanced HCC is essential.
S-1 is a novel, orally administered drug that combines tegafur
(FT), 5-chloro-2,4-dihydroxypyridine (CDHP) and oteracil

Cancer Sci | December 2010 | vol. 101 | no. 12 | 2606-2611

potassium (Oxo) in a molar concentration ratio of 1:0.4:1.9
CDHP is a competitive inhibitor of dihydropyrimidine dehydro-
genase (DPD), a metabolizing enzyme of 5-fluorouracil (5-FU)
that is expressed in the liver. Inhibition of DPD by CDHP results
in prolonged effective concentrations of 5-FU in plasma and
tumor tissue.® Oxo, a competitive inhibitor of orotate phospho-
ribosyltransferase, inhibits the phosphorylation of 5-FU in the
gastrointestinal tract, thereby reducing serious 5-FU-related gas-
trointestinal toxicity.””’ Clinically, S-1 has been shown to be
effective against a variety of solid tumors, with response rates
ranging 21-49% in late phase II studies conducted in Japan.®
S-1 has yet to be evaluated in patients with HCC. However, in
nude rats with human HCC xenografts, S-1 has been confirmed
to have antitumor activity.(g’

Patients with HCC usually have various degrees of liver dys-
function because of associated liver disease and replacement of
liver tissue by tumor, leading to pathophysiological changes that
influence drug disposition. Decreased hepatic blood flow, extra-
hepatic and intrahepatic blood shunting and hepatocyte loss also
alter drug metabolism, and decreased protein synthesis reduces
drug binding to plasma proteins. In fact, the maximal tolerated
dose (MTD) of 5-FU given as a 5-day continuous infusion in
patients with HCC is approximately 50% of that in patients with
normal organ function, and patients with cirrhosis have signifi-
cantly lower clearance of 5-FU than those without cirrhosis.!'?
We therefore conducted a multicenter phase /11 study to eva-
luate the pharmacokinetics, safety and efficacy of S-1 mono-
therapy in patients with advanced HCC.

Materials and Methods

Eligibility. Eligible patients had histologically or cytologi-
cally proved HCC that was not amenable to treatment by resec-
tion, liver transplantation, RFA, PEI or percutaneous
microwave coagulation therapy (PMCT) and was pot expected
to respond to TACE. A hypervascular mass on computed
tomography (CT) or magnetic resonance imaging (MRI) associ-
ated with a serum alpha-fetoprotein level or a serum protein
induced by vitamin K absence or antagonist (PIVKA-II) level
of more than the upper limit of normal (ULN) was considered
a sufficient non-invasive diagnostic criterion for HCC. At least
one measurable lesion on CT or MRI (not including necrotic
lesions caused by prior treatment) was required. Other eligibil-
ity criteria included: age of at least 20 years; Eastern Coopera-
tive Oncology Group (ECOG) performance status (PS) of
0-2; estimated life expectancy of at least 60 days; adequate

§To whom correspondence should be addressed. E-mail: jfuruse@ks.kyorin-u.ac.jp
Clinical trial registration: this trial was not registered in the clinical trial database
because it was an early phase trial and not a controlled study.
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hematological function (white blood cells [WBC] 23000/mm
hemoglobin > 9.0 g/dL, platelets > 7.0 x 10*/mm?); adequate
hepatic function (aspartate aminotransferase [AST] and alanine
aminotransferase [ALT] <5 times the ULN, total bilirubin
<2.0 mg/dL, serum albumin >2.8 g/dL., prothrombin activity
240%); adequate renal function (serum creatinine SULN); and
a Child-Pugh class of A or B. Prior treatment for HCC, such as
resection, liver transplantation, RFA, PEI, PMCT and TACE
was permitted if the treatment had been performed 30 or more
days before registration in the study. Patients were excluded if
they had: tumor involving more than 50% of the liver; brain or
bone metastasis or vascular invasion of the main trunk and
first-order branch(es) of the portal vein, hepatic veins, hepatic
arteries or bile duct; severe complications; other malignancies;
or inability to comply with the protocol requirements. Written
informed consent was obtained from each patient. The study
was approved by the local institutional review boards at all
participating centers.

Study design. S-1 was supplied by Taiho Pharmaceutical
Co., Lid (Tokyo, Japan) in capsules containing 20 or 25 mg of
FT. Individual doses were calculated according to body surface
area. The calculated dose was rounded to derive the daily dose
and the number of capsules to be dispensed per patient. At each
dose level, S-1 was administered orally twice daily (after break-
fast and dinner) for 28 consecutive days, followed by a 14-day
recovery period. Each treatment cycle was 42 days. If grade 3 or
higher hematological toxicity, grade 2 or higher non-hematolog-
ical toxicity, grade 3 or higher elevations of AST or ALT, or
grade 2 or higher increases in the serum creatinine concentration
occurred, treatment with S-1 was temporarily suspended, the
dose of S-1 was reduced, or both (minimum dose, 50 mg/day).
Treatment continued until there was evidence of disease pro-
gression, or if the recovery period exceeded 28 days, the patient
requested treatment to be discontinued or unacceptable toxicity
developed and treatment was terminated at the discretion of the
investigator. Drug compliance and accountability were carefully
monitored; patients were requested to record their intake of S-1
and other medications in a diary.

During phase I, the starting dose of S-1 (level 1) was approxi-
mately 64 mg/m® per day twice daily (80% of the standard
dose), level 2 was approx1mately 80 mg/m? per day and level 0
was approximately 50 mg/m? per day (80% of level 1). Patients
were enrolled in cohorts of three for each dose level. The dose
was escalated according to the cohort and was not increased
in the same patient. If none of the first three patients had dose-
limiting toxicity (DLT) during the first cycle, the dose was
increased to level 2. If one or two of the first three patients had
DLT, three additional patients were entered at the same dose
level; if only one or two of the first six patients at level 1 had
DLT, the dose was increased to level 2; if all of the first three
patients or three or more of the first six patients had DLT, the
dose was decreased to level 0; if none of the first three patients
had DLT at level O or level 2, three additional patients were
assigned to receive the same dose level. The DLT was defined
as any of the following: (i) hematological toxicity 2grade 4; (ii)
non-hematological toxicity >grade 3; (iii) AST, ALT 215 times
the ULN; or (iv) a rest period of 8 or more consecutive days was
required. The recommended dose (RD) determined in the phase
I part of this study was used in phase I

Pharmacokinetics. Blood samples (5 mL) were obtained from
each patient assigned to receive level 2 in the phase I part of the
study. The samples were taken before and 1, 2, 4, 6, 8, 10 and
12 h after administration of S-1 on days 1 and 8 of the first
treatment cycle. Plasma was separated from the whole-blood
samples by centrifugation and stored at —20°C until analysis.
Plasma FT concentrations were measured by high-performance
liquid chromatography with ultraviolet detection. Plasma
concentrations of 5-FU, CDHP and Oxo were measured by gas

Furuse et af.

chromatography-negative ion chemical ionization mass spec-
trometry, as described previously.!' "

Pharmacokinetic data, including the maximum plasma con-
centration (C,,.x, ng/mL), time to reach Cy.x (Tiax, h), area
under the plasma-concentration—time curve for 0~12 h (AUCq_,,
ng h/mL) and the elimination half-life (T 1,2 ) were calculated
by noncompartment model analysis using WinNonlin software,
version 4.1 (Pharsight, Cary, NC, USA).

Assessment of efficacy and toxicity. All patients who
received at least one dose of the study drug were included in
the evaluations of response and toxicity. During each course of
treatment, tumor response was assessed according to the
Response Evaluation Criteria in Solid Tumors (RECIST) by
computed tomography (CT) or magnetic resonance imaging
(MR1), with a slice thickness of no more than 5 mM.“"? The
primary efficacy end-point in the phase Il part of this study was
the overall response rate, assessed on the basis of changes in
tumor dimensions. The other end-points were overall survival
(OS) and progression-free survival (PFS). The PFS was defined
as the interval between the date of initiating treatment and
the date on which disease progression was first confirmed or
the date of death from any cause. Overall survival was defined
at the interval from the date of initiating treatment to the date
of death from any cause. Median OS and median PFS were

Table 1. Patient characteristics
Level 1 (n = 3) Level 2 (n = 23)
n (%) n (%)

Median age (range) (years) 67.0 (63-68) 68.0 (45-78)
Gender ) . .

Male 2 (66.7) 21 (91.3)

Female 1{33.3) 2(8.7)
Virus marker

HBs (+) 1(33.3) 3(13.0)

HCV (+) 1(33.3) 14 (60.9)

HBs(-), HCV(-) 1(33.3) 6 (26.1)
Child-Pugh classification

A 3 (100) 16 (69.6)

B 0 {0) 7 (30.4)
Stage

Stage |l 1(33.3) 3(13.0)

Stage Ml 1(33.3) 10 (43.5)

Stage IVB 1(33.3) 10 (43.5)
Vascular invasion 0(0) 2 (8.7)
ECOG PS

0 3 (100) 21 (91.3)

1 0 (0) - 2(8.7)
Pretreatment

TA(QE 2 (66.7) 17 {73.9)

Surgery 1(33.3) 8 (34.8)

RFA 0 (0) 7 (30.4)

HAI 2 (66.7) 6 (26.1)

PEL 0 (0) 4(17.4)

Radiation 0 (0) 4(17.4)

PMCT 0 (0) 3(13.0)
Systemic chemotherapy 0 {0) 3{13.0)
BCLC staging

Early 0 (0) 1(4.3)

Intermediate 2 (66.7) 11 (47.8)

Advanced 1 (33.3) 11 (47.8)

BCLC, Barcelona Clinic Liver Cancer Group; ECOG, Eastern Cooperative
Oncology Group; HAI, hepatic arterial infusion; HBs, hepatitis B
surface antigen; HCV, hepatitis C virus antibody; PEl, percutaneous
ethanolf injection; PMCT, percutaneous microwave coagulation
therapy; PS, performance status; RFA, radiofrequency ablation; TACE,
transcatheter arterial chemoembolization.

Cancer Sci | December 2010 | vol. 101 | no. 12 | 2607
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Table 2. Toxic effects

Child Pugh B (n = 7)

Level 1 {n = 3) Level 2 (n = 23) Child Pugh A {n = 16)
Toxicity All grades >G3 All grades >G3 All grades 2G3 All grades 2G3
n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%)

All adverse events 3 {100.0) 0 (0.0) 23 {100.0) 10 (43.5) 16 (100.0) 8 (50.0) 7 (100.0) 2 (28.6)

Hematological
Erythropenia 1(33.3) 0 (0.0) 21 (91.3) 1(4.3) 14 (87.5) 1(6.3) 7 {100.0) 0 (0.0)
Hypochromia 1(33.3) 0 (0.0) 19 (82.6) 4(17.4) 12 (75.0) 4 (25.0) 7 (100.0) 0 (0.0)
Leukopenia 2 (66.7) 0 (0.0) 18 (78.3) 1(4.3) 12 (75.0) 1(6.3) 6 (85.7) 0 (0.0)
Lymphopenia 2 (66.7) 0 (0.0) 12 (52.2) 3(13.0) 7 (43.8) 3 (18.8) 5(71.4) 0 (0.0)
Neutropenia 1(33.3) 0 (0.0) 17 (73.9) 1(4.3) 12 (75.0) 1(6.3) 5(71.4) 0 (0.0)
Reduced hematocrit 1(333) 0 (0.0) 19 (82.6) 1(4.3) 12 (75.0) 1(6.3) 7 (100.0) 0 (0.0)
Reduced prothrombin content 1(33.3) 0 (0.0) 19 (82.6) 0 (0.0) 14 (87.5) 0 (0.0) 5(71.4) 0 (0.0)
Thrombocytopenia 1(33.3) 0 (0.0) 18 (78.3) 4(17.4) 12 (75.0) 4 (25.0) 6 (85.7) 0 (0.0)

Non-hematological

" Elevated alkaline phosphatase 0 (0.0) 0 (0.0) 8 (34.8) 1(4.3) 7 (43.8) 1(6.3) 1(14.3) 0 (0.0)
Elevated lactate dehydrogenase 0 (0.0) 0 (0.0) 15 (65.2) 0 (0.0) 9 (56.3) 0 (0.0) 6 (85.7) 0 (0.0)
Elevated serum AST 1(33.3) 0 (0.0) 8 (34.8) 4(17.4) 6 (37.5) 3 (18.8) 2 (28.6) 1{14.3)
Elevated serum bilirubin 0 (0.0) 0 (0.0) 18 (78.3) 3 (13.0) 13 (81.3) 2 (12.5) 5(71.4) 1(14.3)
Hyponatremic 0 {0.0) 0 {0.0) 8 (34.8) 0 (0.0) 5 (31.3) 0 {0.0) 3429 0 (0.0)
Reduced cholinesterase 2 (66.7) 0 (0.0) 18 (78.3) 0 (0.0) 13 (81.3) 0 (0.0) 5(71.4) 0 (0.0)
Reduced serum albumin 0 (0.0) 0 (0.0) 18 (78.3) 2(8.7) 12 (75.0) 1(6.3) 6 (85.7) 1(14.3)
Reduced total protein 0 (0.0) 0 (0.0) 11 (47.8) 0 (0.0) 8 (50.0) 0 (0.0) 3 (42.9) 0 (0.0)
Anorexia 1(33.3) 0 (0.0) 18 (78.3) 2(8.7) 13 (81.3) 1(6.3) 5(71.4) 1(14.3)
Ascites 0 (0.0) 0 {0.0) 7 (30.4) 0 (0.0) 3 (18.8) 0 (0.0) 4 (57.1) 0 (0.0)
Diarrhea 0 {0.0) 0 (0.0) 10 (43.5) 0 (0.0) 8 (50.0) 0 (0.0) 2 (28.6) 0 (0.0)
Fatigue 0 (0.0) 0 (0.0) 19 (82.6) 2(8.7) 13 (81.3) 2{12.5) 6 (85.7) 0 {0.0)
Pigmentation 0 (0.0) 0 (0.0) 20 (87.0) 0 (0.0) 14 (87.5) 0 (0.0) 6 (85.7) 0 (0.0)
Rash 0 (0.0) 0 (0.0) 8 (34.8) 0 (0.0) 5(31.3) 0 (0.0) 3 (42.9) 0 (0.0)
Stomatitis 0 (0.0) 0 (0.0) 7 (30.4) 0 (0.0) 5(31.3) 0 (0.0) 2 (28.6) 0 (0.0)

Dosage level, level 1, 2 {n = 3, 23); AST, aspartate aminotransferase.

Table 3. Efficacy in patients who received dose level 2

Child-Pugh A Chitd-Pugh B Total
(n = 16) (n=17) (n = 23)

Partial responset 4 1 5

Stable diseaset 5 2 7

Progressive disease 7 3 10

Not evaluable 0 1 1

Response rate (90%CI)§ (%) - - 23.1 (9.0-40.4)

Response rate (95%Cl) (%) 25.0 (7.3-52.4) 14.3 (0.4-57.9) 23.1 (7.5-43.7)

Median PFS (95% Cl) (months) 3.3 (2.3-5.1) 3.7 (2.5-7.4) 3.7 (2.5-5.1)

Median OS (95% Cl) (months) 17.8 (14.0-NA) 14.5 (9.6-18.7) 16.6 (14.0~-24.5)

1-year survival (95% Cl) (%) - - 69.6 (50.8-88.4)

1.5-years survival (95% ClI) (%) - - 43.0 (22.6-63.5)

Disease control ratef

6W (95% Q1) (%) - - 47.8 (26.8-69.4)

12W (95% ClI) (%) . - - 26.1 (10.2-48.4)

24W (95% CI) (%) - - 21.7 (7.5-43.7)

tPartial response was re-evaluated after at least 4 weeks in patients with a partial response. $Stable disease was reassessed after at least

6 weeks. 8Response rate (90% Q) is a primary end-point. {Disease control rates were respectively estimated by dividing the number of patients
with no disease progression by the total number of patients. Disease control was defined as a response of complete response, partial response
or stable disease. Cl, confidence interval; NA, not available; OS, overall survival; PFS, progression-free survival.

estimated using the Kaplan-Meier method. Physical findings
and the results of serum chemical and urine analyses were
assessed at 2-week intervals; vital signs were assessed as neces-
sary. Patients were observed until death or at least 1 year after
registration to determine survival status. The severity of all
adverse events was evaluated according to the Common Termi-
nology Criteria for Adverse Events, version 3.0 (CTCAE, Ver.

2608

3.0). The duration of all adverse events and their relation to S-1
were initially assessed by the attending physicians. Subse-
quently, an independent review committee reviewed data on
objective response and adverse events.

Statistical considerations. With the response rate as the pri-
mary end-point, a total sample size of at least 23 patients was
estimated to be required in the phase 1l portion to allow the

doi: 10.1111/j.1349-7006.2010.01730.x
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study to have a one-sided 5% significance level of 0.05 and a
power of 70%, assuming a threshold response rate of 5% and an
expected response rate of 20%.

Results

Patient characteristics and treatment. Between May 2006
and April 2007, a total of 26 patients (nine in phase I and 17
in phase II) were enrolled at four centers in Japan. All
patients were eligible for the evaluation of toxicity and effi-
cacy. The first six patients who received dose level 2
80 mg/m per day) during the phase I part of this study were
included in the phase Il assessment, along with the 17 other
patients (a total of 23 patients in the phase II assessment).
The characteristics of patients are summarized in Table 1. At
the study entry, 11 of 26 (42.3%) had metastatic disease. Six
patients (23.1%) had single extrahepatic metastases (lung
metastases, three patients; lymph node metastasis, three
patients). Four patients had two sites of metastases, including
the lung, lymph nodes and adrenal glands. Of the 26 patients,
23 had received some prior treatment, including three who
had received systemic chemotherapy.

Dose-limiting toxicity and RD. None of the three patients who
received dose level 1 (64 mg/m” per day) in the phase I part of
the study had DLT. At dose level 2 (80 mg/m” per day), one
patient with Child-Pugh class B had grade 3 anorexia during the
first course of treatment, but the other two patients in the same
cohort had no DLT. Three additional patients were enrolled to
confirm safety, and one patient with Child-Pugh class B had a
grade 2 rash; recovery required eight or more consecutive days
of rest. Because two of the six patients who received level 2 had
DLT, level 2 was defined as the RD for the phase I part of the
study.

Treatment delivered. Twenty-three patients received a total
of 85 cycles of treatment at dose level 2 (median, three cycles
per patient; range, 1-15). The dose of S-1 was reduced in seven
patients (30.4%) or a total of nine cycles (10.6%). The most
common reasons for dose reductions were rash in four patients,
and elevated serum bilirubin concentrations and anorexia in two
patients each (some overlap among patients). Treatment was
delayed because of toxicity in 12 patients (20 cycles), most often
in cycles 1 or 2. The most common reasons for toxicity-related
treatment delays were fatigue (five patients), rash (four patients)
and elevated serum bilirubin concentrations (three patients). The
reasons for terminating treatment were progressive disease in 19
patients (82.6%), adverse reactions in two patients (8.7%) and
other reasons in two patients (8.7%; one required 28 or more
consecutive days of rest, and one withdrew consent).

Toxicity. Drug-related adverse events occurring in all 26
patients in the phase I/II portion of the study are shown in
Table 2. Treatment with S-1 was generally well tolerated
throughout the study. Grade 3 or 4 toxicity occurred in 10 of the
23 patients (43.5%) who received level 2. Most toxic effects
were laboratory abnormalities. There was no grade 3 or 4 toxic-
ity at level 1. The most common grade 3 or 4 hematological
toxic effects were hypochromia (17.4%), thrombocytopenia
(17.4%) and lymphopenia (13.0%); the most common grade 3 or
4 nonhematological toxic effects were elevated serum AST lev-
els (17.4%) and elevated serum bilirubin concentrations
(13.0%).

Efficacy. A response could be evaluated in 26 patients in the
phase I/1I portion of the study. In the phase I part of the study
(dose level 1), one patient had a partial response, one had pro-
gressive disease and the other was not evaluable. Of the 23
patients in the phase II part of the study, five (21.7%; 90% confi-
dence interval [Cl], 9.0-40.4%) responded to treatment Among
the 23 patients in whom a response could be evaluated, five had
a partial response, seven had stable disease, and 10 had progres-
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Fig. 1. Progression-free survival (PFS) (a) and overall survival (b) in
patients who received dose level 2 of S-1 (n =23). The median
progression-free survival and overall survival were 3.7 and 16.6
months, respectively.

Table 4. Pharmacokinetics of FT, 5-FU, CDHP and Oxo on day 1 and
day 8 in patients with HCC who received dose level 2

Conanx Trmax AUGCsq2 Ti2

{ng/mL) {h) (ng h/mL) (h)
FT Day 1 2032 + 437 33+10 17070 + 5139 10.1+ 28
Day 8 4365+ 1712 3.7+08 42399+ 18137 12.7+5.0
5-FU Day1 1145%355 43+08 69532236 23+10
Day8 1458+314 43+08 936.6+2923 2410
CDHP Day 1 26721768 33110 14248 +414.2 3.3+09
Day 8 281.0+113.8 33+ 1.0 1694.4 6035 3409
Oxo Day 1 385+ 18 3708 231.6 £ 69.8 4.0x 2.1
Day8 334195 4000 241521156 40+ 2.0

Parameters are represented as mean x SD. CDHP, 5-chloro-2,4-
dihydroxypyridine; 5-FU, 5-fluorouradil; FT, tegafur; Oxo, oteracil
potassium.

sive disease (Table 3). The remaining patient underwent imag-
ing studies, but treatment was completed after one course, and
continuation of stable disease for at least 6 weeks could not be
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confirmed. The duration of the five responses was 42, 147, 188,
238 and 371 days, respectively.

The median PFS was 3.7 months (95% CI, 2.5-5.1 months).
The disease control rates at 6, 12 and 24 weeks were 47.8%
(95% Cl, 26.8-69.4%), 26.1% (95% Cl, 10.2-48.4%) and
21.7% (95% Cl, 7.5-43.7%), respectively. The PFS and OS are
shown in Figure 1. The median OS was 16.6 months (95% Cl,
14.0-24.5 months). Survival rates were 69.6% (95% Cl1, 50.8—
88.4%) at 1 year and 43.0% (95% Cl, 22.6-63.5%) at 1.5 years.

Pharmacokinetic analysis. Table 4 shows the pharmacokinetic
data for the components of S-1 and 5-FU at level 2 on days 1
and 8. Compared with day 1, the Cy,x and AUCqy; of FT
increased markedly on day 8; however, these increases were
within the expected range given the slow elimination of FT, and
repeated administration of S-1 had no effect on the T, or Ty 2
of FT. There was no evidence of accumulation of 5-FU, CDHP
or Oxo on day 8.

Figure 2 compares the plasma-concentration-time profiles of
S-1 components and 5-FU between patients with Child-Pugh
class A and those with Child-Pugh class B on days 1 and 8. The
plasma-concentration—-time profiles of FT, 5-FU, CDHP and
Oxo were similar in patients with Child-Pugh class A and those
with Child-Pugh class B on both days.

Discussion

There has been no established standard therapy for patients with
advanced HCC refractory to surgery, transplantation, local abla-
tion and TACE.">'® Some cytotoxic regimens have produced
encouraging response rates, but survival benefits have been min-
imal compared with control groups, at the cost of clinically
unacceptable adverse effects.""'>

S-1 is an anticancer drug consisting of FT, CDHP and Oxo.
The conversion of FT to 5-FU is mediated mainly by hepatic
cytochrome CYP2A6.9® 5-FU is rapidly metabolized by DPD
in the liver after the intravenous administration of 5-FU alone,
but S-1, which includes a DPD inhibitor (i.e. CDHP), produces
prolonged, effective concentrations of 5-FU in the blood. Thus,
the liver plays an important role in the metabolism of FT.

The RD of S-1 in patients with HCC was estimated to be

80 mg/m? per day in phase I, which is similar to the dose.

recommended for the treatment of other solid tumors. How-
ever, in patients with HCC, Ueno et al '™ reported that the
DLT of 5-FU administered as a 5-day continuous infusion
was stomatitis. Moreover, the MTD was equivalent to approx-
imately 50% of that of 5-FU in patients with normal organ
function,'? suggesting that 5-FU-related gastrointestinal toxic-
ity was reduced by Oxo in the formulation of S-1. We did not
determine the MTD in this study because S-1 was approved
for the treatment of other cancers. The pharmacokinetic prop-
erties of S-1 components and 5-FU in patients with HCC were

2610

..... F" (A)
@ 5-FU (A)
-+ CDHP (A)
-4 Oxo (A)
-o-FT (B)
-m-5-FU (B)
—4—CDHP (B)
——-Ox0 (B)

Fig. 2. Plasma-concentration-time profiles of tega-
fur (FT), 5-fluorouracil (5-FU), 5-chloro-2,4-
dihydroxypyridine (CDHP) and oteracil potassium
(Oxo) on day 1 and day 8 were similar in patients’
with Child-Pugh dlass A (n=3) and those with
Child-Pugh dass B {n = 3).

- similar to those in patients with pancreatic cancer or biliary

tract cancer."'”

Hematological toxic effects and symptomatic events such as
pigmentation (87.0%), fatigne (82.6%), anorexia (78.3%) and
ascites (30.4%) were more common than previously reported for
S-1 in patients with other cancers. Nonetheless, severe toxic
effects were comparable among patients with HCC and those
with other cancers. Nonhematological toxic effects related to
hepatic function were also more frequent than reported previ-
ously for S-1 in patients with other types of cancer, but such
effects may have been caused by differences in underlying liver
disease. '

The pharmacokinetics of S-1 did not obviously differ between
patients with Child-Pugh class A and those with Child-Pugh
class B, suggesting that hepatic dysfunction associated with
Child-Pugh class B did not affect the pharmacokinetics of S-1
components or 5S-FU. The sample size of the pharmacokinetic
evaluations was small because the primary end-point was to
determine the RD as the evaluation of DLT in phase L. At dose
level 2, DLT occurred in two patients with Child-Pugh class B
(Grade 3 anorexia in one, and a Grade 2 rash requiring 8 or more
consecutive days of rest in the other). There was no DLT at level
1 (given only to patients with Child-Pugh class A). However,
the patient who had DLT of grade 3 anorexia had renal dysfunc-
tion at baseline, and the plasma 5-FU concentrations in this
patient on day 8 were higher than those in other patients, per-
haps contributing to the development of DLT (data not shown).
In addition, there were no obvious differences in the incidence
or grade of drug-related adverse events between patients with
Child-Pugh class A and those with Child-Pugh class B, consis-
tent with the results of pharmacokinetic analysis. These results
suggested that there were no clinically meaningful differences in
pharmacokinetics or safety according to Child-Pugh class or
between patients with HCC and those with other cancers, and
that S-1 was well tolerated in patients with HCC, similar to
patients with other cancers. However, our study had several lim-
itations: only a very small number of patients with Child-Pugh
class B were included; among the patients with Child-Pugh class
B, the score was heterogeneous, ranging from 7 to 9; and only
patients with better scores were studied. Therefore, extra care
should be taken when S-1 is given to patients with Child-Pugh
class B.

As for efficacy, five of 23 patients had partial responses at
dose level 2. Compared with previously reported response rates
obtained with single-agent chemotherapy in patients with HCC,
our results are good. In particular, the median OS appeared to be
longer than that obtained with other agents in non-Japanese
studies. The reason for the better OS in Japanese patients might
be similar to that previously reported for sorafenib.”” The med-
ian OS in our smdy was similar to that in a Japanese phase |
study of sorafenib.‘” In studies of sorafenib in non-Japanese and

doi: 10.1111/j.1349-7006.2010.01730.x
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Japanese patients with HCC, the median TTP and response rates
were comparable, but the median OS was 15.6 months in Japa-
nese patients compared with only 9.2 months in non-Japanese
patients.“’ Differences in various treatments, including hepatic
arterial infusion chemotherapy, and the palliative care of
patients with progressive disease who had conditions such as
hepatic decompression and variceal bleeding might be related to
the longer survival time in Japanese rather than non-Japanese
patients with HCC.

In conclusion, our results suggested that S-1 is effective and
has an acceptable toxicity profile in patients with advanced
HCC. Nonetheless, S-1 should be used with caution in the pres-
ence of liver dysfunction. Sorafenib has been established to be a
standard treatment for advanced HCC. Perhaps, systemic che-
motherapy with S-1 plus molecular-targeted therapies such as
sorafenib will further improve survival in patients with
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Objective: The combination chemotherapy consisting of cisplatin and etoposide, one of the
standard regimens for small cell lung cancer, has been widely used to treat extrapulmonary
poorly differentiated neuroendocrine carcinomas. However, there were no prior reports limited
to the hepatobiliary tract and pancreas as the primary sites.

Methods: We reviewed the cases in our database from October 1995 to January 2009 and
retrospectively examined the clinical data of patients, with unresectable or recurrent poorly dif-
ferentiated neuroendocrine carcinoma arising from the hepatobiliary tract and pancreas, who
received combination chemotherapy with cisplatin and etoposide as the first-line treatment.
The chemotherapy regimen consisted of cisplatin 80 mg/m? given intravenously on day 1 and
etoposide 100 mg/m? intravenously on days 1-3, repeated every 3—4 weeks.

Results: Twenty-one patients were treated with the above regimen of cisplatin and etopo-
side combination chemotherapy. The primary tumor site was the liver in 2 patients, gallblad-
der in 8 patients, pancreas in 10 patients and ampulla of Vater in 1 patient. Although no
complete responses were obtained, three patients had partial responses, resulting in an
overall response rate of 14%. Median progression-free survival was 1.8 months, and
median overall survival was 5.8 months. The major adverse events were myelosuppression
and gastrointestinal toxicities, with Grade 3 or 4 neutropenia (90%), nausea (33%) and
anorexia (24%).

Conclusions: Cisplatin and etoposide combination as the first-line chemotherapy for hepa-
tobiliary or pancreatic poorly differentiated neuroendocrine carcinoma had only marginal
antitumor activity and relatively severe toxicity compared with previous studies on extrapul-
monary pootly differentiated neuroendocrine carcinoma treated with the same regimen.

Key words: cisplatin — etoposide — neuroendocrine carcinoma — chemotherapy

INTRODUCTION

Neuroendocrine tumors are rare tumors that exhibit a variety
of morphologic, functional and behavioral characteristics (1).
The aggressiveness of these tumors varies greatly depending
on the histological degree of differentiation, from
well-differentiated neuroendocrine tumors to poorly differen-
tiated neuroendocrine carcinomas (PD-NECs).

No standard treatment for unresectable extrapulmonary
PD-NECs has been established yet. However, combined che-
motherapy with cisplatin and etoposide, one of the standard
regimens employed for the treatment of small cell lung
cancer (SCLC), has been used widely for the treatment of
extrapulmonary PD-NECs, because the genetic, pathological
and clinical features of PD-NECs overlap with those of
SCLC (2—6). The previous reports, in general, refer to a

© The Author (2010). Published by Oxford University Press. All rights reserved.

LL0Z ‘6Z Alenuer Lo Jejuen) Jaued feuolieN Je 610" sieuinolpioxo-oolf Wwoly papeopumoq



314 CDDP/ETOP for hepatobiliary pancreatic PD-NEC

wide variety of extrapulmonary sites of origin of the primary
tumors, partly because the rarity of the disease precludes
clinical studies devoted to each individual primary origin of
the tumors. Thus, there have been no prior reports of treat-
ment limited to neuroendocrine tumors arising from the
hepatobiliary and pancreatic region as primary sites.

It is well established that adenocarcinomas arising from
the hepatobiliary tract or pancreas have a worse prognosis
when compared with that of gastric or colorectal adenocarci-
nomas, despite the histologies being similar. It remains to be
determined whether these tumors of different primary
origins can be included within the same group for treatment.

Therefore, it has not yet been clarified whether combined
chemotherapy with cisplatin and etoposide might be as
effective against hepatobiliary and pancreatic PD-NECs as it
is for miscellaneous extrapulmonary PD-NECs. We report
our experience of combined chemotherapy with cisplatin and
etoposide as the first-line chemotherapy for patients with
unresectable or recurrent PD-NECs, focusing on the tumors
arising from the hepatobiliary tract and pancreas.

PATIENTS AND METHODS
PATIENTS

Between October 1995 and January 2009, in total, 25
patients with PD-NEC arising from the hepatobiliary tract
and pancreas were treated at the National Cancer Center
Hospital, Tokyo, Japan. Of these 25 patients, 21 received the
combination of cisplatin and etoposide as the first-line che-
motherapy. Before the chemotherapy, tumor specimen
obtained by a fine-needle biopsy or a surgical resection was
pathologically diagnosed as PD-NECs. according to the
WHO classification (7,8). Typically, tumor tissue showed a
dense proliferation of round or polygonal tumor cells with
hyperchromatic nuclei and pale to eosinophilic granular
cytoplasm, arranged in sheets, nests and cords. Extensive
necrosis and mitotic figures were frequently observed.
Immunohistochemically, the tumor cells expressed endocrine
markers, such as chromogranin A, synaptophysin, neuron-
specific enolase (NSE) and/or CD56. A Ki-67 proliferation
index >15% was documented in the 21 patients receiving
the cisplatin plus etoposide combination chemotherapy.

TREATMENT SCHEDULE

Cisplatin, 80 mg/m?, was administered intravenously (IV)
over 2 h on the first day with adequate hydration. Etoposide,
100 mg/m?/day, was administered IV over 2 h on days 1-3.
This treatment was repeated every 3—4 weeks for a
maximum of six cycles unless disease progression or unac-
ceptable toxicity occurred. In two patients, a modified sche-
dule with split-dose administration of cisplatin at a dose of
25 mg/m*/day IV on days 1-3 and a reduced dose of etopo-
- side 80 mg/m*/day IV on days 1—3 was selected from the

first cycle because of advanced age and poor performance
status (9).

Antiemetic prophylaxis with 5-HT?3 antagonists plus dexa-
methasone was used at the physician’s discretion.
Recombinant human granulocyte colony-stimulating factor
was administered if patients developed febrile neutropenia.

Resronse AND ToxiciTy EVALUATIONS

Tumor assessments by computed tomographic (CT) scan of
the abdomen were carried out at baseline and every cycle
according to the Response Evaluation Criteria in Solid
Tumors (RECIST). CT scan of the chest was carried out at
the baseline and every cycle if a chest X-ray as a screening
test detected lung metastases. Responses were to be con-
firmed by repeated assessments carried out no less than 4
weeks apart, In addition, tumor markers of carcinoembryonic
antigen (CEA), cancer antigen (CA)19-9, NSE and pro-
gastrin-releasing peptide (ProGRP) were measured every
cycle. All adverse events were reviewed based on medical
records and evaluated according to the National Cancer
Institute Common Terminology Criteria for Adverse Events,
version 3.0.

STATISTICAL ANALYSIS

Overall survival was measured from the date of initial treat-
ment to the date of death or the date of the last follow-up.
Death from any cause was considered an event, Survival
curves were constructed using the Kaplan—Meier method.
Statistical analyses were performed using Dr. SPSS II (SPSS
Japan Inc., Tokyo, Japan).

RESULTS
PATIENT CHARACTERISTICS

The characteristics of the 21 treated patients are listed in
Table 1. The median age of the patients was 57 years, with
an almost equal gender distribution. One patient (5%) had
metastatic recurrent disease after surgery with curative
intent, and 20 (95%) had unresectable metastatic disease at
the initial diagnosis. Of the 21 patients, 20 (95%) had elev-
ated serum NSE level and 4 (19%) had elevated serum
ProGRP level. The primary tumor sites included the pan-
creas in 10 patients (48%), gallbladder in 8 (38%), liver in 2
(10%) and ampulla of Vater in 1 (5%). Two patients with
multiple liver tumors without a definite primary site were
classified as having a liver origin. The most common meta-
static site was the liver. Other common sites were lymph
nodes and the peritoneum.

TREATMENT

In total, 57 cycles were administered to the 21 patients with
a median of 2 cycles per patient (range, 1—6 cycles). Eight
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Table 1. Patient characteristics (n = 21)

Characteristics n (%)
Age (years)

Median 57

Range 30-70
Sex

Male 11 (52)

Female 10 (48)
ECOG performance status

0 9 (43)

1 10 (48)

2 2(10)
Primary tumor site

Liver 2 (10)

Gallbladder 8 (38)

Pancreas 10 (48)

Ampulla of Vater 1(5)
Metastatic site

Liver 17 (81)

Lung 2 (10)

Spleen 1(5)

Bone 1(5)

Adrenal gland 1(5)

Pleural 15

Lymph node 11 (52)

Peritoneumn/ascites 11 (52)
CEA

Abnormal 13 (62)

Normal 8(38)
CA19-9

Normal 13 (62)

Abnormal 8 (38)
NSE (ng/ml)

Median 143.1

Range 6—-1930
ProGRP* (U/ml)

Median 255

Range 11.9-63 090

Abnormal carcinoembryonic antigen (CEA) and CA19-9 represented >5 ng/
ml and >37 U/ml, respectively. ECOG, Eastern Cooperative Oncology
Group; NSE, neuron-specific enolase; ProGRP, pro-gastrin-releasing peptide.
One patient did not have pre-treatment data examination.

patients (38%) required dose reductions during therapy. Of
these patients, three required 20—25% dose reductions for
both cisplatin and etoposide due to febrile neutropenia and
renal dysfunction, three required a 20% dose reduction of
etoposide alone due to febrile neutropenia and the remaining
two required a 20% dose reduction of cisplatin alone due to

Jpn J Clin Oncol 2010,;40(4) 315

serum creatinine level elevation. The median relative intensi-
ties of the doses of cisplatin and etoposide (calculated as the
actual dose delivered divided by the intended dose of
3-week interval regimen) were 79% and 73%, respectively.
The reasons for treatment discontinuation were radiological
progressive disease in 15 patients, clinical progressive
disease in 1 patient, unacceptable toxicities in 2 (gastrointes-
tinal toxicity of prolonged Grade 2 nausea and anorexia in
one, and renal toxicity as indicated by decreased creatinine

- clearance to <35 ml/min in the other), cytoreductive surgery

in 1 and refusal of treatment by 1 (mental suffering). As for
the patient who underwent cytoreductive surgery, she could
not maintain response duration until the next course. In
addition, she had multiple liver metastases with the
maximum size of >13 cm produced abdominal discomfort.

- After treatment discontinuation, eight patients received
second-line chemotherapy: gemcitabine monotherapy was
administered to four patients, irinotecan monotherapy to
three, and combination chemotherapy with cisplatin, vincris-
tine, doxorubicin and etoposide (CODE therapy) to one.
Among them, one patient, who developed disease pro-
gression after one cycle of cisplatin and etoposide, achieved
a partial response after two cycles of second-line chemother-
apy with gemcitabine. Three patients were treated employing
other therapeutic modalities, i.e. cytoreduction surgery, allo-
geneic peripheral blood stem cell transplantation and che-
moembolization for liver metastases. The remaining nine
patients received only supportive care.

EFriCcACY

At the time of analysis, 2 patients were alive with disease
and 19 had died of their disease. All patients were assessable
for tumor response. Although no patient achieved a complete
response, two with gallbladder and one with pancreatic
PD-NECs achieved a partial response, giving an overall
response rate of 14% (95% confidence interval, 3—36%).
Ten patients (48%) had shown stable disease and the remain-
ing eight (38%) had progressive disease. The duration of the
three objective responses were 2.4, 3.1 and 3.5 months.
During treatment, the serum NSE level was reduced by
>50% in 15 (75%) of 20 patients who had shown a pre-
treatment level of >15 ng/ml. All patients were included in
the survival assessment. Median progression-free survival,
median overall survival and the 1-year survival rate were
1.8, 5.8 months and 5%, respectively (Fig. 1). Median
progression-free survival and overall survival in the pancreas
group (n = 10) were 1.5 and 6.2 months, whereas those in
the hepatobiliary tract group (n = 11) were 3.0 and 5.8
months, although the differences between both groups did
not appear to be statistically significant.

ADVERSE EVENTS

All 21 patients were assessed for toxicities, as listed in
Table 2. The most common toxicities were leukopenia and
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Figure 1. Overall survival (continuous line) and progression-free survival
(dotted line) in the 21 patients.

neutropenia. Grade 3 or 4 leukopenia and neutropenia
occurred in 15 (71%) and 19 (90%) patients, respectively,
and febrile neutropenia in 8 (38%). As to non-hematological
toxicities, vomiting of all grades was seen in 81% of the
patients, whereas Grade 3 nausea and anorexia occurred in
33% and 24%, respectively. Although these gastrointestinal
toxicities were frequently observed after cisplatin adminis-
tration, most were manageable with appropriate medical
treatment and only one patient needed to discontinue therapy
due to gastrointestinal toxicity of prolonged Grade 2 nausea
and anorexia. No other unexpected severe toxicities were
observed during the treatment and there were no
treatment-related deaths.

DISCUSSION

In 1991, Moertel et al. (4) reported an objective response rate
of 67% to combined chemotherapy with cisplatin and etopo-
side in 18 patients with anaplastic neuroendocrine tumors,
which are analogous to the currently described extrapulmon-
ary PD-NECs, with a median survival of 19 months. Mitry
et al. (5) reported a response rate of 42% and median survival
of 15 months in 41 patients with extrapulmonary PD-NECs
treated with the same combination regimen. In these reports,
not only tumors arising from the hepatobiliary and pancreatic
regions, but also from the gastrointestinal, head and neck,
and tracheal regions were included as extrapulmonary
tumors. To the best of our knowledge, this is the first study of
the efficacy of cisplatin plus etoposide focusing solely on
tumors arising from the hepatobiliary and pancreatic regions.
In the current study, focusing on primary neuroendocrine
tumors arising from the hepatobiliary and pancreatic regions,
a response rate of 14% and median survival of 5.8 months
were obtained in response to combined cisplatin plus etopo-
side therapy. Although the response rate and prognosis were
extremely poor when compared with those reported by

Table 2. Adverse events

Grade Grade 3/4, n (%)
1 2 3 4
Hematological toxicity
Leukopenia 1 5 7 8 15 (71)
Neutropenia 1 1 2 17 19 (90)
Anemia 4 11 6 0 6(29)
Thrombocytopenia 8 2 5 0 5(24)
Non-hematological toxicity
Bilirubin 3 1 3 1 4 (19
AST 7 8 3 1 4(19)
ALT 5 6 3 2 5(24)
Creatinine 6 4 0 0 0
Fatigue 11 8 0 0 0
Anorexia 2 12 5 0 5(24)
Nausea 4 9 7 0 7(33)
Vomiting 7 10 0 0 0
Diarthea 2 0 0 0
Mucositis 1 0 0 0
Alopecia 4 14 —— — ——
Neurological sensory 1 0 0 0 0
Febrile neutropenia — s 8 0 8 (38)

AST, aspartate aminotransferase; ALT, alanine aminotransferase.

previous studies using the same combination of agents for
extrapulmonary PD-NECs, when considering the finding that
75% of the patients showed a >50% decrease in the serum
NSE levels, combined cisplatin plus etoposide may be con-
sidered to exert some degree of activity. However, whether
this result may be comparable to that obtained with other
treatment regimen for hepatobiliary and pancreatic PD-NECs
is not yet clear, because few studies until date have reported
on the efficacy of other regimens for this disease.

Malignant tumors arising from the hepatobiliary and pan-
creatic regions metastasize easily to the liver, becoming a
typical cause of fatal visceral crisis; this anatomic nature
may be one of the reasons for the relatively poor prognosis
of these tumors. In fact, liver metastasis is a well-
documented poor prognostic factor in patients with neuro-
endocrine tumors (10—14). The incidence of liver metastasis
was 81% in the current study. Moreover, 52% had ascites as
evidence of peritoneal dissemination, which is also generally
tecognized as a poor prognostic factor.

In the studies conducted to date, chemotherapeutic regi-
mens for extrapulmonary PD-NECs have been patterned
after those used for SCLC. However, these two entities,
SCLC and extrapulmonary PD-NECs, may exhibit some
differences at the molecular level. For example, Bcl-2 over-
expression is observed at a high rate (75—-95%) in SCLC
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specimens, whereas only 33% of gastroenteropancreatic
PD-NECs show this finding (15,16). Unlike SCLC, extrapul-
monary PD-NECs show retention of both the short arms of
chromosome 3, as revealed by restriction-fragment-length
polymorphism studies and cytogenetic analyses (17). Since
such cytogenetic differences between these tumors do exist,
their clinical features and outcomes with the same treatment
may also eventually diverge.

Neuroendocrine tumors also have other histological com-
ponents in some cases (15,18—23). Such patients with
PD-NECs arising from the gastric, colorectal and pancreatic
regions generally have an adenocarcinoma component,
whereas esophageal PD-NECs show a squamous cell car-
cinoma component. Thus, the nature of the non-
neuroendocrine components in the PD-NECs also seems to
depend on the primary site of the tumors. Two potential
cells of origin of PD-NECs have been reported: pre-existing
neuroectodermal cells and pluripotent epithelial stem cells,
the latter appearing to be the more convincing at present
(24-26). This cell of origin of the PD-NECs may explain
the intermixing of adenocarcinoma or squamous cell carci-
noma components in these tumors. It is well known that ade-
nocarcinomas arising from the hepatobiliary tract and
pancreas are less sensitive to chemotherapy and have a poor

prognosis compared with adenocarcinomas arising from

other organs. Likewise, the theory that PD-NECs arise from
pluripotent epithelial stem cells may explain why hepatobili-
ary and pancreatic PD-NECs are less sensitive to chemother-
apy and have a poor prognosis when compared with
previous reports for miscellancous extrapulmonary
PD-NECs. In fact, it is interesting that elevated serum CEA
and CA19-9 levels were confirmed in 38% of the patients in
the current study, as both are widely used tumor markers of
adenocarcinoma. In addition, one of these patients showed a
partial response to gemcitabine monotherapy started after the
detection of progressive disease in response to combined
therapy with cisplatin and etoposide. Hence, there is a possi-
bility that the tumor in this case showed a mixed histology
consisting of neuroendocrine carcinoma and adenocarcinoma
components, and that the adenocarcinoma component was
refractory to the combination of cisplatin and etoposide and
responsive to gemcitabine monotherapy. This may warrant
the use of cytotoxic agents that are effective against both the
PD-NEC component and the non-neuroendocrine carcinoma
components, depending on the primary sites of the tumors.
In conclusion, the current study showed that the combi-
nation of cisplatin and etoposide exerted only marginal anti-
tumor activity and relatively severe toxicity against
PD-NECs of the hepatobiliary tract and pancreas, when
compared with the treatment outcomes suggested by
previous reports for extrapulmonary PD-NECs. The
retrospective design of this study poses an inherent limit-
. ation. A prospective study is considered to be preferable to
confirm the efficacy. Notwithstanding, because PD-NECs
have an extremely poor prognosis and unsatisfactory treat-
ment outcomes in response to combined chemotherapy with

Jpn J Clin Oncol 2010;40(4) 317

cisplatin plus etoposide, further development of novel treat-
ment is necessary to improve the prognosis.
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Survival Prediction for Pancreatic Cancer
Patients Receiving Gemcitabine Treatment*s
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Although gemcitabine monotherapy is the standard treat-
ment for advanced pancreatic cancer, patient outcome
varies significantly, and a considerable number do not
benefit adequately. We therefore searched for new biomar-
kers predictive of overall patient survival. Using LC-MS, we
compared the base-line plasma proteome between 29 rep-
resentative patients with advanced pancreatic cancer who
died within 100 days and 31 patients who survived for more
than 400 days after receiving at least two cycles of the same
gemcitabine monotherapy. Identified biomarker candidates
were then challenged in a larger cohort of 304 patients
treated with the same protocol using reverse-phase protein
microarray. Among a total of 45,277 peptide peaks, we
identified 637 peaks whose intensities differed significantly
between the two groups (p < 0.001, Welch’s t test). Two MS
peaks with the highest statistical significance (p = 2.6 x
107% and p = 5.0 x 10™*) were revealed to be derived from
a,-antitrypsin and «,-antichymotrypsin, respectively. The
levels of a,-antitrypsin (p = 8.9 x 1078 and «,-antichymot-
rypsin (p = 0.001) were significantly correlated with the
overall survival of the 304 patients. We selected «,-antitryp-
sin (p = 0.0001), leukocyte count (p = 0.066), alkaline phos-
phatase (p = 8.3 X 1079, and performance status (p =
0.003) using multivariate Cox regression analysis and
constructed a scoring system (nomogram) that was able to
identify a group of high risk patients having a short median
survival time of 150 days (95% confidénce interval, 123-187
days; p = 2.0 x 1075, og rank test). The accuracy of this
model for prognostication was internally validated and
showed good calibration and discrimination with a boot-
strap-corrected concordance index of 0.672. In conclusion,
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an increased level of a,-antitrypsin is a biomarker that
predicts short overall survival of patients with advanced
pancreatic cancer receiving gemcitabine monotherapy.
Although an external validation study will be necessary,
the current model may be useful for identifying patients
unsuitable for the standardized therapy. Molecular &
Cellular Proteomics 9:695-704, 2010.

Invasive ductal adenocarcinoma of the pancreas is one of the
most aggressive and lethal malignancies (1). It is the fifth leading
cause of cancer-related death in Japan and the fourth in the
United States, accounting for an estimated >23,000 deaths per
year in Japan and >33,000 in the United States (2, 3). Because
the majority of patients have distant metastases even at their
first presentation (4, 5), the main therapeutic modality for pan-
creatic cancer is systemic chemotherapy, and gemcitabine
monotherapy is the current standard (6). Gemcitabine treatment
has significantly improved the median survival time of patients
with advanced pancreatic cancer (7). However, the outcome of
the treatment varies significantly among individuals, and a con-
siderable portion of patients do not appear to benefit signifi-
cantly from it. It therefore seems necessary to assess the effi-
cacy and adverse effects of the drug before administration and
tailor the treatment accordingly for each person.

. We previously identified a predictive biomarker for hema-
'to'!ogic toxicity, which is one of the most frequent and
potentially life-threatening adverse effects associated with
gemcitabine monotherapy (8). As a next step, we performed
a large scale proteome analysis in this study to identify
biomarkers predictive of patient survival after gemcitabine
monotherapy. Several factors and their combinations have
been reported to correlate significantly with outcome in
patients with advanced pancreatic cancer receiving gemcit-
abine, such as performance status, metastases, serum al-
bumin, alkaline phosphatase, and peripheral leukocyte
count (3-11). Unfortunately, however, the accuracy of sur-
vival prediction based on these conventional prognostic
factors seems unsatisfactory (9).

In recent years, there has been considerable interest in
applying advanced proteomics technologies to the discov-
ery of predictive biomarkers (12, 13). We and others have
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TasLE |
Clinical and laboratory data of patients with short term or long term survival
Survival time was calculated from the date of starting gemcitabine therapy until the date of death from cancer. Wilcoxon test was applied
to assess differences in values. 5-FU, 5-fluorouracil; LAPC, locally advanced pancreatic cancer; AST, aspartate aminotransferase; ALT, alanine
aminotransferase; ALP, alkaline phosphatase; C,,,.. peak concentration; AUC, area under the curve.

Short term survivor (<100 days) Long term survivor (>400 days) p

No. of patients 29 31
Sex (no. of patients) 0.361°

Male 21 19

Female 8 - 12
Age, mean (S.D.) (years) 63 (7) 67 (8) 0.123
ECOG performance status (no. of patients) 0.0082

0 8 20

1 18 LA

2 3 0
Body surface area, mean (S.D.) (m?) 1.59 (0.17) 1.54 (0.15) 0.333
Prior therapy ‘ 0.438°

None 27 27

Chemoradiotherapy using 5-FU for LAPC 2 4
Clinical stage® 0.697°

Va 2 3

Vb 27 28
Subsequent line chemotherapy after gemcitabine 0.045%

None 29 27

Yes 0 4
Leukocytes, mean (S.D.) (x10%/mm?) 7.6 (3.6) 52(1.3) 0.002
Platelets, mean (S.D.) (x10%mm?%) 24.5(7.6) 20.2 (4.6) 0.020
Hemoglobin, mean (S.D.) (g/dl) 11.7 (1.6) 11.7 (1.5) 0.491
Albumin, mean (S.D.) (g/dl) 3.4 (0.4) 3.7 (0.3) 0.014
Creatinine, mean (S.D.) (mg/dl) 0.70 (0.23) 0.68 (0.23) 0.726
AST, mean (S.D.) (IU/liter) 40 (25) 26 (15) 0.010
ALT, mean (S.D.) (IUAiter) 51 (44) 27 (19) 0.037
ALP, mean (S.D.) (units/liter) 728 (632) 337 (160) 0.026
Pharmacokinetic parameters of gemcitabine

Cinax» mean (S.D.) (ng/ml) 24.02 (7.52) 24.91 (6.22) 0.610

AUC, mean (S.D.) (h-ug/mi) 10.24 (2.83) 10.75 (2.32) 0.270
a,-Antitrypsin,® mean (S.D.) 64.6 (66.8) 16.9 (7.9) 0.0003
a,-Antichymotrypsin,® mean (S.D.) 706.4 (416.0) 389.0 (216.5) 0.0005
Tumor response? <0.00012

Complete response 0 0

Partial response 0 1

Stable disease 2 22

Progressive disease 4 0

Not evaluable 3 8

2 Calculated by x? test.
® According to Ref. 23.

¢ Intensity of the corresponding peak measured by quantitative mass spectrometry.

9 Evaluated after the first two cycles of gemcitabine monotherapy.

successfully applied MALDI MS-based protein profiling
techniques for predicting the efficacy of chemoradiotherapy
and molecular targeting therapy (14, 15). Two-dimensional
image converted analysis of liquid chromatography and
mass spectrometry (2DICAL)" is a new LC-MS-based pro-

' The abbreviations used are: 2DICAL, two-dimensional image con-
verted analysis of liquid chromatography and mass spectrometry;
AIC, Akaike's information criterion; CC, correlation coefficient; Cl,
confidence interval; CV, coefficient of variance; ECOG, Eastern Co-
operative Oncology Group; NCC, National Cancer Center; |D, identi-
fication; FDR, false discovery rate.

teomics platform that was developed in our laboratory (16).
2DICAL can quantify protein content accurately across a
theoretically unlimited number of samples without isotope
labeling and thus has considerable advantages over con-
ventional LC-MS-based methods for clinical studies (17).
The predictive biomarker protein for hematologic toxicity
described above was identified using 2DICAL (8).

It has been generally accepted that tumor responses do not
always correlate with the outcome of patients (10, 18, 19). The
rates of complete and partial responses (Response Evaluation
Criteria in Solid Tumors guideline) to gemcitabine mono-
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therapy are limited to ~10% (20-22), and the majority of
pancreatic cancers do not show significant tumor regression.
Given that the ultimate goal of gemcitabine therapy for pan-
creatic cancer is to achieve prolonged survival, it would be
desirable to stratify patients according to survival rather than
tumor response (9). In the present study, using 2DICAL, we
compared the base-line plasma proteome of two extreme
populations of patients who had shown distinct clinical
courses after identical gemcitabine treatment.

EXPERIMENTAL PROCEDURES

Patients—Samples were collected from a total of 304 patients who
had all been included in our previous study (8). All patients had
metastatic (stage IVb; n = 285) or locally advanced (stage IVa; n = 19)
(283) histologically or cytologically proven pancreatic ductal adenocar-
cinoma and had received at least two cycles of gemcitabine mono-
therapy (1,000 mg/m? intravenously over 30 min on days 1, 8, and 15
of a 28-day cycle). Two hundred eighty-one patients (92%) received
gemcitabine as a first line therapy (supplemental Table S1).

Two hundred sixty-two patients (86%) were treated consecutively
at the National Cancer Center (NCC) Hospital (Tokyo, Japan) between
September 2002 and June 2007, and 42 patients (14%) were treated
consecutively at the NCC Hospital East (Kashiwa, Japan) between
September 2002 and July 2004. Survival times were determined as of
May 2008. During this period, 248 patients (82%) died, and 56 pa-
tients (18%) were censored. Tumor response was evaluated after the
first two cycles of gemcitabine using the Response Evaluation Criteria
in Solid Tumors guideline.

Sample Preparation—Blood was collected before the first adminis-
tration of gemcitabine. Plasma or serum was separated by centrifuga-
tion at 1,050 X g for 10 min at 4 °C and frozen until analysis as reported
previously (8, 24). Macroscopically hemolyzed samples were excluded
from the current analysis. Two hundred fifty-two plasma samples (83%)
were collected from the NCC Hospital and Hospital East, and 52 serum
samples (17%) were collected from the NCC Hospital. Written informed
consent was obtained from all patients before blood sampling. The
protocol of this retrospective study was reviewed and approved by the
institutional ethics committee boards of the NCC (Tokyo, Japan) and
the National Institute of Health Sciences (Tokyo, Japan).

LC-MS —Samples were blinded, randomized, and passed through
an IgY-12 High Capacity Spin Column (Beckman Coulter, Fullerton, CA)
in accordance with the manufacturer's instructions. The flow-through
portion was digested with sequencing grade modified trypsin (Promega,
Madison, WI) and analyzed in triplicate using a nanoflow high perform-
ance LC system (NanoFrontier nL.C, Hitachi High Technologies, Tokyo,
Japan) connected to an electrospray ionization quadrupole time-of-
flight mass spectrometer (Q-Tof Ultima, Waters, Milford, MA). LC-MS
run order was also randomized to eliminate any potential bias.

MS peaks were detected, normalized, and quantified using the
in-house 2DICAL software package as described previously (16). A
serial identification (ID) number was applied to each of the MS peaks
detected (1-45,277). The stability of LC-MS was monitored by cal-
culating the correlation coefficient (CC) and coefficient of variance
(CV) of every triplicate measurement. The mean CC and CV = S.D. for
all 45,277 peaks observed in the 80 triplicate runs were as high as
0.970 = 0.022 and as low as 0.056 = 0.017, respectively.

Protein Identification by MS/MS—Peak lists were generated using
the Mass Navigator software package (version 1.2) (Mitsui Knowledge
Industry, Tokyo, Japan) and searched against the NCBInr database
(downloaded on May 20, 2008) using the Mascot software package
(version 2.2.1) (Matrix Science, London, UK). The search parameters
used were as follows. A database of human proteins was selected.

A E Peaks with P<0.001

P
oot

s

o=
b
&
s
ot
-
bl
-
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o
e
-
g

m/z
B Patients with Patients with
short-term survival long-term survival
ol-Antitrypsin

al-Antichymotrypsin

Fic. 1. A, two-dimensional display of all (>45,000) the MS peaks.
The 637 MS peaks whose mean intensity differed significantly be-
tween patients with short term and long term survival (o < 0.001,
Welch's t test) are highlighted in red. B, two MS peaks with the
smallest p values (upper, p = 2.57 X 10™%; bottom, p = 5.03 X 1074
in representative patients with short term (left) and long term (right)
survival. RT, retention time.

Trypsin was designated as the enzyme, and up to one missed cleav-
age was allowed. Mass tolerances for precursor and fragment ions
were +2.0 and =0.8 Da, respectively. The score threshold was set to
p < 0.05 based on the size of the database used in the search. If a
peptide matched to multiple proteins, the protein name with the
highest Mascot score was selected.

Western Blot Analysis— Primary antibodies used were rabbit poly-
clonal antibody against human «,-antitrypsin (Dako, Glostrup, Den-
mark), rabbit polyclonal antibody against human «,-antichymotrypsin
(Dako), and mouse monoclonal antibody against human complement
C3b-a (Progen, Heidelberg, Germany). Ten microliters of partitioned
sample was separated by SDS-PAGE and electroblotted onto a poly-
vinylidene difluoride membrane. The membrane was then incubated
with the primary antibody and subsequently with the relevant horse-
radish peroxidase-conjugated anti-rabbit or anti-mouse IgG as de-
scribed previously (25, 26). Blots were developed using an ECL
detection system (GE Healthcare).
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Fia. 2. A, representative MS peaks in
60 triplicate LC-MS runs (29 with short

term survival (red) and 31 with long 1D:1740, m/z: 508, RT: 48.9 min

term survival (blue)) aligned along the
retention time (RT) of LC. Columns rep-
resent the mean intensity of triplicates
(bottom). B, detection of «,-antitryp- .
sin, a,-antichymotrypsin, and comp-

lement C3b-a (loading control) by
~immunoblotting.
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Reverse-phase Protein Microarray—Samples were serially diluted
1:500, 1:1,000, 1:2,000, and 1:4,000 using a Biomek 2000 Laboratory
Automation Robot (Beckman Coulter) and randomly plotted onto
ProteoChip® glass slides (Proteogen, Seoul, Korea) in quadruplicate
in a 6,144-spot/slide format using a Protein Microarrayer Robot
(Kaken Genegs Inc., Matsudo, Japan). The spotted slides were incu-
bated overnight with the same primary antibodies as those used in
Western blotting. The slides were incubated with biotinylated anti-
rabbit 1gG (Vector Laboratories, Burlingame, CA) and subsequently
with streptavidin-horseradish peroxidase conjugate (GE Healthcare).
The peroxidase activity was detected using the Tyramide Signal
Amplification (TSA®) Cyanine 5 System (PerkinElmer Life Sciences).
The slides were counterstained with Alexa Fluor® 546-labeled goat
anti-human IgG (Invitrogen) (spotting control).

The stained slides were scanned on a microarray scanner
(InnoScan® 700AL, Innopsys, Carbonne, France). Fluorescence inten-
sity, determined as the mean net value of quadruplicate samples, was
determined using the Mapix® software package (Innopsys). All deter-
mined intensity values were transformed into logarithmic variables.

The reproducibility of reverse-phase protein microarray assay was
revealed by repeating the same experiment. A plasma sample was
serially diluted within a range of 1,024-16,384-fold. Each diluted
sample was spotted in quadruplicate onto glass slides and blotted
with anti~a;—anftitrypsin antibody. In a representative quality control

30

ID:11165, m/z: 713, RT: 41.5 min

1Lt

Patients with
long-term survival

Patients with
short-term survival

Patients with
long-term survival

Patients with
long-term survival

Patients with
short-term survival

experiment, the CC value was 0.977 between days, and the median
CV was 0.026 among quadruplicate samples.

Statistical Analysis— Overall survival time was defined as the period
from the date of starting gemcitabine monotherapy until the date of
death from any cause or until the date of the last follow-up at which
point the data were censored. We used the Kaplan-Meier method to
plot overall survival curves. Statistical significance of intergroup dif-
ferences was assessed with Welch's t test, Wilcoxon test, ¥? test, or
log rank test as appropriate. The maximally selected statistics (27)
using the fitness of univariate Cox model (log likelihood) was used to
determine which level (optimal cutoff point) of each factor best seg-
regated patients in terms of survival.

Multivariate regression analysis was performed using ordinal Cox
regression modeling. Factors included in the prediction model were
selected with a forward stepwise selection procedure using Akaike’s
information criterion (AIC), and the result was confirmed using a
backward stepwise procedure. The significance of differences be-
tween models with and without a,-antitrypsin was assessed with the
likelihood ratio test. The survival prediction model was internally
validated by measuring both discrimination and calibration (28). Dis-
crimination was evaluated using the concordance index, which is
similar in concept to the area under the receiver operating character-
istic curve. Calibration was evaluated with a calibration curve
whereby patients are categorized by predicted survival and then
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Fig. 3. Left, representative reverse-
phase protein microarray slide stained
with anti-a,-antitrypsin antibody. Right,
samples were randomly assigned, and
quadruplicate” spots of representative
patients with high and low levels of «-
antitrypsin were extracted.

plotted as actual versus predicted survival. Both discrimination and
calibration were evaluated for the whole study cohort using 200
cycles of bootstrap resampling. Statistical analyses were performed
using the open source statistical language R (version 2.7.0) with the
optional module Design package.

RESULTS

The median survival estimate for the present study was 236
days (95% ClI, 216-254 days), which is comparable to those
of previous large scale studies (10, 22). To identify a prognos-
tic factor in patients with advanced pancreatic cancer, we
compared the base-line plasma proteome between 29 pa-
tients showing short term survival (<100 days) and 31 pa-
tients showing long term survival (>400 days) using 2DICAL.
There was no significant difference in age, sex, body surface
area, prior therapy, clinical stage, or gemcitabine pharmaco-
kinetics (24) (Table I) between the two groups, but the patients
with short term survival had significantly poorer base-line
conditions such as liver function and Eastern Cooperative
Oncology Group (ECOG) performance status than those with

-long term survival (Table I).

Among a total of 45,277 independent MS peaks detected
within the range 250-1,600 m/z and within the time range of
20-70 min, we found that the mean intensity of triplicates
differed significantly for 637 peaks (p < 0.001, Welch’s t
test). Fig. 1A is a representative two-dimensional view of all
the MS peaks displayed with m/z along the x axis and the

Patients with high levels
of al-antitrypsin

Patients with low levels
of a1-antitrypsin

Overall survival

(days)

#6 276
#7 1192
#8 326
#9 267
#10 496

retention time of LC along the y axis. The 637 MS peaks
whose expression differed significantly between patients
with short term and long term survival are highlighted in red.

MS peaks that were increased in patients with short term
survival with the highest statistical significance (p = 2.57 X
1074 (Fig. 1B) matched the amino acid sequences of the
a,-antitrypsin (AAT) gene product (supplemental Fig. S1A).
The MS peak with the second highest statistical significance
{p = 5.03 x 107% was revealed to be derived from the
a,-antichymotrypsin (AACT) gene product (supplemental Fig.
S1B). We calculated the false discovery rate (FDR), (29) and
confirmed the significance of these MS peaks (FDR = 0.0327
for ay-antitrypsin and FDR = 0.0428 for «,-antichymotrypsin).
Fig. 2A shows the distribution of the two peaks (ID 1740 (at
508 m/z and 48.9 min; «,-antitrypsin) and ID 11165 (at 713
m/z and 41.5 min; a,-antichymotrypsin)} in patients with short
term (red) and long term survival (blue). The differential ex-
pression and identification of «,-antitrypsin and «,-antichy-
motrypsin were confirmed by denaturing SDS-PAGE and im-
munoblotting (Fig. 28).

Correlation of a,-Antitrypsin and «,-Antichymotrypsin with
Overall Survival—The relative levels of a,-antitrypsin and «,-
antichymotrypsin in plasma or serum samples obtained from
304 patients with advanced pancreatic cancer prior to gem-
citabine treatment (including 60 patients used in 2DICAL)
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TaBLE Il
Univariate and multivariate Cox regression analyses of overall survival since the start of gemcitabine therapy (n = 304)
Factors except sex are regarded as continuous variables. A forward stepwise selection based on Akaike’s information criterion was used to
select parameters for multivariate analysis. p values of <0.050 are shown in bold. AST, aspartate aminotransferase; ALT, alanine aminotrans-
ferase; ALP, alkaline phosphatase.

Univariate analysis Multivariate analysis

Hazard ratio? (95% Cl) : p Hazard ratio? (95% Cl) p

Age (years) 0.99 (0.98-1.01) 0.380

Female sex (vs. male) 1.07 (0.83-1.38) 0.610

ECOG performance status 1.49 (1.22-1.80) <0.001 1.36 (1.11-1.67) 0.003
Body surface area (m?) 0.70 (0.33-1.50) 0.360

Leukocytes 1.08 (1.05-1.11) <0.0001 1.04 (1.00-1.08) 0.066
Platelets 1.07 (0.90-1.28) 0.450

Hemoglobin (g/dl) 0.93 (0.85-1.01) 0.098

Albumin (g/dl) 0.61 (0.45-0.82) 0.001

Creatinine (mg/dl) 1.13 (0.60-2.14) 0.700

AST (U/liter) 1.01 (1.00-1.01) <0.001

ALT (IU/liter) 1.00 (1.00-1.01) 0.033

ALP 1.09 (1.06-1.11) <0.0001 1.07 (1.05-1.10) <0.0001
a;-Antitrypsin® 5.92 (3.09-11.37) <0.0001 3.66 (1.89-7.11) 0.0001
a,-Antichymotrypsin® 11.60 (2.69-50.01) 0.001

Clinical stage IVa® (vs. IVb) 1.10 (0.85-1.38) 0.453

@ Hazard ratios are per 1,000/mm? increase for leukocytes, per 10 X 10%/mm? increase for platelets, and per 100 units/liter increase for ALP.
Hazard ratios for other continuous variables are per 1 unit increase for each variable.
5| ogarithmic variable determined by reverse-phase protein microarray.

¢ According to Ref. 23.

were measured using reverse-phase protein microarrays (Fig.
3). Quadruplicate spots for representative patients with high
and low levels of «,-antitrypsin are shown in Fig. 3. There
were no differences between plasma (n = 252) and serum
(n = 52) with regard to the levels of a,-antitrypsin and a,-
antichymotrypsin (plasma versus serum (mean * S.D.):
aq-antitrypsin, 2.10 = 0.19 versus 2.16 * 0.16, p = 0.06;
a,-antichymotrypsin, 4.44 = 0.10 versus 4.45 + 0.08, p =
0.67).

Although the levels of a,-antitrypsin and «,-antichymotryp-
sin were not mutually correlated (Pearson’s r = 0.274), either
level showed a significant correlation with overall survival
(Table ). When the most optimal cutoff value was determined
by maximally selected analysis, the medign survival time of
patients with high levels of «,-antitrypsin (>2.09 arbitrary
units) was significantly"shorter than that of patients with low
levels (=2.09) (201 days (95% Cl, 176-219 days) versus 327
days (95% CI, 271-439 days), log rank p = 2.26 X 10~%; Fig.
4A). Similarly, the median survival time was significantly
shorter in patients with «,-antichymotrypsin levels of >4.41
(211 days (95% Cl, 193 to 235 days)) than in those with levels
of =4.41 (327 days (95% CI, 255-416 days)) (o0 = 2.02 X
10™%; Fig. 4B). Even when the 60 patients used for 2DICAL
were excluded, the differences in survival separated by «a,-
antitrypsin and «,-antichymotrypsin levels were still signifi-
cant (supplemental Fig. S2, A and B). However, the level of
either a,-antitrypsin or «4-antichymotrypsin was not associ-
ated with tumor response (Spearman’s p = 0.090 and p =
0.017, respectively). The increased level of a,-antitrypsin in 58
patients who subsequently developed progressive diseases
was statistically significant (p = 0.020; supplemental Fig. S3)

but quite modest, confirming that it is not a predictive biomar-
ker of tumor response.

Construction and Validation of Model Predicting Overall
Survival Time—Univariate Cox regression analysis revealed
that ECOG performance status and laboratory values inciud-
ing leukocyte count, albumin, aspartate aminotransferase, al-
anine aminotransferase, alkaline phosphatase, «,-antitrypsin,
and a,-antichymotrypsin were correlated with overall survival
of the 304 patients (p < 0.05; Table ll). Because none of the
parameters were able to predict survival outcome satisfacto-
rity when used individually (data not shown), we attempted to
construct a multivariate predictive model for estimation of
overall survival. We searched for parameters using a forward
stepwise selection procedure by AIC from all the clinical and
laboratory data listed in Table Il (available for all 304 cases)
and found that a combination of a,-antitrypsin, alkaline phos-
phatase, leukocyte count, and ECOG performance status pro-
vided the lowest AIC value. We also searched for parameters
using a backward elimination algorithm and found that this
identified the same combination of factors as that selected by
a forward stepwise procedure. The base-line o,-antitrypsin
level was the second most significant contributor to the model
(Table Il). The prediction model using this combination of
parameters was significantly compromised when the level of
a,-antitrypsin was excluded (Ax? = 14.12, df = 1, p = 0.0002,
likelihood ratio test).

Based on the results of multivariate Cox regression analy-
sis, we constructed a scoring system (nomogram) in which
the values of the four parameters («,-antitrypsin, alkaline
phosphatase, leukocyte count, and ECOG performance sta-
tus) were integrated into a single score (total point) to estimate
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