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Against this, however, treatment options for metastatic CRC
patients with disease refractory to all three antitumor drugs
are limited.

The addition of bevacizumab, a recombinant humanized
monoclonal antibody, which targets vascular endothelial
growth factor, to front- or second-line chemotherapy has
improved progression-free survival (PFS) and OS (5).
However, the clinical benefits of bevacizumab in third-line
therapy have yet to be shown. In this regard, the National
Comprehensive Cancer Network (NCCN) clinical practice
guidelines (6,7) do not recommend bevacizumab as third-line
therapy.

Cetuximab, a chimeric antibody of the IgG1 subclass,
blocks the binding of the epidermal growth factor (EGF) and
transforming growth factor alpha to the EGF receptor (EGFR)
and inhibits ligand-induced activation of this receptor tyrosine
kinase (8). Cetuximab has demonstrated antitumor activity in
both in vive and in vitre study (8). In addition, this agent not
only enhanced the effects of irinotecan and radiotherapy (9)
but also showed the ability to reverse resistance to irinotecan
in preclinical studies (10).

Two previous studies have investigated the use of combi-
nation therapy of cetuximab plus irinotecan in subjects with
irinotecan-refractory disease; the first, a single-arm Phase I
trial, reported a response rate (RR) of 17% in 121 patients
(11), the second, a randomized Phase Il study of single agent
cetuximab or cetuximab plus irinotecan, the BOND trial,
reported a RR of 10.8% (111 subjects) versus 22.9% (218),
respectively (12). Moreover, response in the combination arm
in those who had received oxaliplatin was 22.2%. These results
suggest that combination therapy of cetuximab plus irinotecan
may benefit subjects refractory to irinotecan-based chemother-
apy who have received oxaliplatin-based chemotherapies.

At the time the present study was undertaken, neither
cetuximab nor bevacizumab was approved in Japan.
Standard management of CRC instead consisted of the use
of irinotecan, oxaliplatin or fluoropyrimidines, with no other
standard options available after progression on these drugs.
We therefore conducted a multicenter phase Il study of
cetuximab plus irinotecan in metastatic CRC refractory to
irinotecan, oxaliplatin and fluoropyrimidines to evaluate the
efficacy and safety of this combination.

PATIENTS AND METHODS
Stupy DesiGn AND Pamient ELiGIBILITY

The study was designed as a phase II, non-randomized,
open-label, multicenter trial. Eligibility requirements included
histologically confirmed, metastatic CRC that was surgically
unresectable, as well as immunohistochemical evidence of
EGFR expression measured semiquantitatively (>0 on a scale
of 0, 1+, 2+ or 3+) at a single reference laboratory (SRL
Medisearch, Inc.). Patients were required to have received
irinotecan-based chemotherapy at a weekly irinotecan dose of
>60 mg/m® or every 2 weeks at > 100 mg/m?, both defined as

final doses, for at least 6 weeks or more. They were also
required to have radiographically documented evidence of
disease progression during this previous chemotherapy or
within 3 months following the last dose of irinotecan. Further,
patients were required to have received and failed
fluoropyrimidine- and oxaliplatin-based chemotherapies. For
this requirement, failure was defined as progression of disease
(clinical or radiological) while receiving the previous
oxaliplatin-based chemotherapy or within 6 months following
the last treatment of an adjuvant therapy, or intolerance to the
oxaliplatin-based chemotherapy. Regarding intolerance, this
was defined as discontinuation due to allergic reaction, persist-
ent neurotoxicity or delayed recovery from other toxicity that
prevented re-treatment.

Other eligibility criteria included age 20 to less than 75
years, an Eastern Cooperative Oncology Group (ECOG) per-
formance status (PS) score of 0—2, life expectancy of at least
2 months, and adequate organ function (absolute neutrophil
count >1500/mm?®, platelet count >100 000/mm>, hemo-
globin >9 g/dl, aspartate aminotransferase and alanine amino-
transferase <2.5 times the upper limit of normal range, serum
total bilirubin <1.5 times the upper limit of normal range and
serum creatinine <1.5 mg/dl). Minimum treatment-free
periods between the end of prior therapy and day of regis-
tration were 6 weeks for radiation therapy, 4 weeks for major
surgery and 4 weeks for chemotherapy. At least one unidimen-
sionally measurable target lesion by Response Evaluation
Criteria in Solid Tumors (RECIST) criteria was required.
Patients who previously received EGF signal transduction
inhibitors or EGFR-targeting therapy were not eligible.

This protocol was reviewed and approved by the insti-
tutional review board of each participating center, and all
patients gave written informed consent before participation.

DosAGE AND DRUG ADMINISTRATION

The initial dose of cetuximab was administered as a single
2-h intravenous infusion at 400 mg/m? followed by weekly
1-h infusions of 250 mg/m?, All patients were premedicated
with an H1 histamine antagonist (e.g. diphenhydramine
hydrochloride 50 mg po). Irinotecan was administered under
the same schedule as the previous irinotecan-based therapy,
namely either weekly at a dose of 100 mg/m? on Days 1, 8,
15 and 22, repeated every 6 weeks; or every 2 weeks at
150 mg/m’ on Days 1, 15 and 29, repeated every 7 weeks.
Toxicity was graded according to the National Cancer
Institute Common Toxicity Criteria (version 2.0.). If a
patient experienced Grade 3 or worse skin toxicity, cetuxi-
mab therapy was withheld for up to two consecutive infu-
sions with no subsequent change in dose level. If the
toxicity resolved to Grade 2 or less by the following treat-
ment period, treatment was resumed. With the second and
third occurrences of Grade 3 or worse skin toxicity, cet-
uximab therapy was delayed again for up to two conse-
cutive weeks with concomitant dose reductions to 200 and
150 mg/m?, respectively. Treatments were discontinued if
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more than two consecutive infusions were withheld or if
there was a fourth occurrence of Grade 3 or worse skin tox-
icity. If a patient experienced a Grade 3 or worse hypersensi-
tivity reaction, treatments were immediately discontinued. If
a patient experienced a Grade 2 hypersensitivity reaction,
cetuximab infusion was stopped, and if the reaction resolved
to Grade 1 or less, it was resumed at half the previous infu-
sion rate. Dose modification and treatment alterations for iri-
notecan were performed in accordance with hematological
and non-hematological toxicities. If a patient experienced a
Grade 4 thrombocytopenia or Grade 3 or worse neuropathy,
irinotecan therapy was stopped. If a patient experienced a
Grade 3 or worse febrile neutropenia, thrombocytopenia, or
non-hematological toxicity, or Grade 4 neutropenia, irinote-
can dose was reduced by one dose level.

EVALUATION OF PATIENTS

Medical history, physical examination, laboratory test assess-
ments and safety assessments were performed once before
starting treatment and weekly thereafter. Chest X-ray was
taken every 6 weeks.

Tumor measurement was performed within 4 weeks prior
to starting administration of study therapy. Response was
evaluated every 6 weeks thereafter according to the RECIST
criteria. All responses were confirmed by an independent
review committee.

STATISTICAL ANALYSIS

A sample size of 38 response-evaluable subjects was estab-
lished based on expected and threshold RRs of 20 and 5%,
respectively, under conditions of a = 0.05 (one-tailed) if the
RR was lower than the threshold RR, and 8 > 0.1 if higher.
The primary endpoint was the RR. If 38 subjects were
response-evaluable, the null hypothesis would be rejected if
at least five responses were observed. A patient who received
at least one dose of study therapy was considered evaluable
for response. Secondary endpoints, including duration of
response and time to progression (TTP), were estimated
using the Kaplan—Meier method.

TTP was defined as the period from the date treatment
was started to the first observation of disease progression or
to death from any cause before the confirmation of disease
progression or after the most recent tumor assessment.

OS time was determined from the date of first adminis-
tration of chemotherapy to the date of death or the last con-
firmation of survival. Duration of response was considered
the period between the date of first confirmation of response
and the date of documented disease progression, or the last
confirmation of response. Comparisons among different sub-
groups of patients were performed using the log-rank test,
and RR was the Fisher exact test. All analyses were con-
ducted using SAS software (version 8; SAS Institute, Cary,
NC, USA).
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RESULTS
PATIENT CHARACTERISTICS

Forty-four of 46 centrally screened patients demonstrated
detectable expression of EGFR. Of these 44, 39 consecutive
patients were enrolled between October 2005 and February
2006. All patients received combination treatment with irino-
tecan and cetuximab. Patient characteristics are summarized
in Table 1 and show a median age of 58 years, male predo-
minance and good performance status. More than 60% (n =
25) of patients had received three or more regimens before
entry.

All patients had been refractory to irinotecan-based regi-
mens and had received oxaliplatin and fluoropyrimidine
before participation in the study. The median duration of

Table 1. Patient characteristics

Patient characteristics Number of patients (%)
Total number of patients 39
Sex

Male 27(69.2)

Female 12 (30.8)
Age

Median 58.0

Range 1z-1n
Performance status (ECOG)

PS0O 26 (66.7)

PS1 13 (33.3)
Primary tumor site

Colon 18 (46.2)

Rectum 21 (53.8)
Sites of metastases

Liver 30 (76.9)

Lung 27 (69.2)

Lymph nodes 17 (43.6)

Peritoncum 5(12.8)

Recum 2(5.)

Other 6 (15.4)
Number of prior chemotherapy

2 14 (35.9)

3 11 (28.2)

4 6(15.4)

=5 8 (20.5)
EGFR expression

1+ 29 (74.4)

24 10 (25.6)

ECOG, Eastern Cooperative Oncology Group; EGFR, epidermal growth
factor receptor.
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prior irinotecan-based therapy was 24 wecks (range 6—52
weeks). Responses to irinotecan-based regimen were 2.6%
complete response (CR), 23.1% partial response (PR), 41%
stable disease (SD) and 30.8% progression of discase (PD).
Median time from the last pre-study irinotecan dose to the
initiation of cetuximab therapy was 7.2 months, with a range
of 1.0—18.3 months. Thirty-five patients (89.7%) discontin-
ued oxaliplatin-based regimens for disease progression, with
a median of 2.1 months after last treatment. Response to the
most recent oxaliplatin-based regimen was 0% CR, 5.1%
PR, 46.2% SD and 46.2% PD.

Among other characteristics, 12 patients (30.8%) had
received adjuvant chemotherapy; 34 (87.2%) had undergone
surgical resection of the primary tumor; 20 (51.3%) had
recurrent disease; and 19 (48.7%) had advanced disease.
Two patients had received radiotherapy for CRC.

EFFiCACY

All patients enrolled were considered evaluable for efficacy
(Table 2). An independent review committee determined that
12 patients (30.8%; 95% CI, 17.0—47.6) achieved PRs, and
25 (64.1%,; 95% CI, 47.2—-78.8) achieved either PRs or SDs
(disease control). Median duration of response was 5.4
months (95% CI, 3.9-6.4), and median time to response was
1.4 months (range 1.3—5.3). Median TTP was 4.1 months
(95% CI, 2.7-5.1) (Fig. 1). With a median follow-up of 14.4
months, the median OS was 8.8 months (95% CI, 5.9-12.8)
(Fig. 2) (Table 2).

No association with response was seen for either age, sex,
performance status, number of prior chemotherapy regimens,
primary tumor site or degree of EGFR immunostaining. In
contrast, RR was significantly higher in patients who had
achieved a response in a prior irinotecan regimen than in

Table 2. Efficacy

Best response Paticnts (N = 39) [No. (%)]
CR 0 (0)

PR 12 (30.8)

sD 13 (33.3)

PD 14 (35.9)

Response 12 (30.8)

95%CI 17.0-47.6

Disease control 25 (64.1)

95%Cl 47.2-788

Median TTP 4.1 months

95%Cl1 27-5.1

Median OS 8.8 months

95%CI 59-128

CR. complete response; PR, partial SD, stable discase; PD,

progression of discase; Cl, confidence {mml: TTP, time to progression;
OS, overall survival,

those who had not [(P = 0,04 Fisher exact test, 60.0% (95%
Cl, 26.2-87.8) versus 20.7% (95% CI, 10.2-48.4)].
Moreover, median OS of patients who had achieved a
response in & prior irinotecan regimen was slightly longer
than that of those who had not, albeit without significance
(9.9 versus 8.8 months, P = 0.92; log-rank test).

The presence and severity of rash did not correlate with
objective response (RR with Grade 0—1 versus Grade 2-3:
31.6 versus 30.0%, P = 0.73; Fisher exact test),

ADVERSE EVENTS

Major adverse events are shown in Table 3. Overall, hemato-
logical toxicities were generally well tolerated, with Grade 3
or worse neutropenia observed in 23.1% of patients (n = 9).
Febrile neutropenia was not observed. The incidence of
Grade 3 or worse neutropenia was higher in patients receiv-
ing irinotecan every 2 weeks than in those on weekly regi-
mens (27.6 versus 10.0%).

Among other adverse events, non-hematological toxicities
were also mild, with Grade 3 or worse diarrhea and anorexia
observed in seven (17.9%) and six patients (15.4%), respect-
ively. An acne-like rash, which is characteristic of treatment
with cetuximab and other EGFR-targeted therapies and
included acne, rash, dry skin, pruritus, acneiform dermatitis
and papular rash, was observed in 38 patients (97.4%).
Median time to the appearance of cetuximab-related acne-
like rash was 7.0 days (range 1-31), while the median
cumulative dose of cetuximab until appearance was 400 mg/
m? (range 400—1400) and duration of appearance was 121.5
days. Two patients (5.1%) experienced Grade 3 acne, with a
duration of appearance of 10 and 15 days, respectively. All
patients received topical treatment and 19 (51.4%) received
oral antibiotic drugs, including minocycline. Median dur-
ation from the appearance of an acne-like rash to the start of
antibiotic drugs, including topical treatment and minocy-
cline, was 5.7 days. No patient experienced allergic reactions
leading to the cessation of therapy. One patient discontinued
treatment due to Grade 1 lung fibrosis, a condition that has
never shown exacerbation without medication.

DuRATION OF TREATMENT AND DOSE INTENSITY OF CETUXIMAB
AND IRINOTECAN

The median duration of cetuximab treatment was 18 weeks
(range 6—50 weeks), with a median of 16 infusions per
patient (range 4—49 infusions). No patient required a dose
reduction. Median dose intensity was 232 mg/m” per week
(range 150—-254 mg/m?); 24 patients received doses at more
than 90% of relative dose intensity, nine within 80—90% and
six within 60—80%.

Fourteen patients (35.9%) required a dose reduction of iri-
notecan, primarily due to diarrhea (seven patients) and neu-
tropenia (two patients). The median duration of treatment in
all patients was 15 weeks (range 2—49), with 2 median of
seven infusions per patient (range 2—30 infusions). Median

- 146 -




0.81

0.6

0.4

Proportion nol progress

0.2

0.0

Jpn J Clin Oncol 2008

T T T

0.0 100 200

T T T

300 400 500

Survival time (days)

Figure 1. Kaplan—Meier survival plots for Time to Progression (TTP) in metastatic colorcetal cancer (CRC) treated with certuximab plus irinotecan.
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Figure 2. Kaplan—Meier survival plots for overall survival (O8) in metastatic CRC treated with certuximab plus irinotecan.

dose intensity in all patients was 45 mg/m” per week (range
25-61). According to the irinotecan schedule, it was 42 mg/
m? per week (range 25—59) in those receiving it weekly and
46 mg/m® per week (range 29—61) in those receiving it
every 2 weeks,

DISCUSSION

In this multicenter Phase II study of metastatic CRC, the
combination of cetuximab plus irinotecan showed substantial
efficacy as third-line treatment in patients failing previous
irinotecan-, oxaliplatin- and fluoropyrimidine-based
chemotherapy.

The present study was based on a Phase I study in Japan
of single-agent cetuximab in subjects with solid tumors in
whom standard therapy had failed (13). In that study, no
DLTs and good tolerance were observed at the recommended

dose, which was obtained from previous Phase II studies in
Western countries. Further, the safety data for cetuximab did
not obviously differ from those in Western patients and the
pharmacokinetic profile was comparable. Further, another
study demonstrated a lack of drug—drug interactions between
cetuximab and irinotecan, and the absence of any contri-
bution of one to the safety profiles of the other (14).

On these bases, we selected the same doses as those used
overseas as the recommended dose of cetuximab in this
Phase II study, namely 400 mg/m? initial dose and 250 mg/
m? weekly thereafter. The incidence of Grade 3 or worse
acne was 5.1%, which was lower than the 9.4-29.1% range
in previous studies, whereas the incidence and severity of
other non-hematological toxicities were comparable. No
patients experienced Grade 3 or worse infusion reactions
despite the use of antihistamines only as premedication. In a
large multinational Phase II study, combination with
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Table 3. Adverse events

All (N=19)
2G1 (%) 2G3 (%)

Hematological woxicities
Leukopenia 25 (64.1) 4(103)
Neutropenia 21 (538) 9(23.1)
Anemia 18 (46.2) 4(103)
Thrombocytopenia 4(10.3) 0

Non-h 1 g al et
Anorexia 30 (76.9) 6(15.4)
Nausea 23 (59.0) 1(2.6)
Vomiting 15(385) 0
Diarrhea 30 (76.9) 7079
Fatigue 26 (66.7) 2(5.1)
Stomarins 26 (66.7) ]
Hyperbilirubinaemia 9(23.1) Im
AST 15 (38.5) 5(12.8)
ALT 14 (359) 3n
Hypomagnesacmia 20(51.3) 1(2.6)
Alopecia 19 (48.7) 0

Skin reaction
Acne 34 (872) 2(5.1)
Rash 25 (64.1) 0
Dry skin 21 (53.8) 0
Paronychia 21 (53.8) 0

AST, i fe ALT, alanine ami fi

P

corticosteroids and antihistamines reduced the incidence of
severe infusion reactions compared with the effect with anti-
histamines only (15). Although the incidence of Grade 3 or
worse neutropenia was higher in patients receiving irinotecan
every 2 weeks than in those receiving it weekly (27.6 versus
10.0%), no febrile neutropenia or life-threatening adverse
events were observed in any patient. These results indicate
that the combination of cetuximab and irinotecan is well-
tolerated in Japanese patients with metastatic CRC refractory
to irinotecan, oxaliplatin and fluoropyrimidines.

Several recent clinical trials of single-agent cetuximab in
CRC refractory to irinotecan have shown similar objective
RR, discase control rates, median TTP and median OS, with
ranges from 8 to 12%, 32 to 50%, 1.4 to 4.2 months and 6.4
to 7.0 months, respectively (12,16—18). A more recent ran-
domized Phase I1I trial of cetuximab plus best supportive
care (BSC) versus BSC alone in patients with pre-treated
metastatic EGFR-expressing CRC (NCIC CTG CO.17)
demonstrated a significantly prolonged PFS and OS with
cetuximab compared with BSC alone, indicating that cetuxi-
mab is the first targeted therapy to show a survival benefit as
a single agent in metastatic CRC (17).

Moreover, the combination of cetuximab plus irinotecan
has been evaluated in clinical trials in patients with pre-
viously treated metastatic CRC, including one randomized
and three non-randomized trials (11,12,15,19). These studies
showed a similar objective RR, discase control rate, median
TTP and median OS, ranging from 17 to 25.4%, 55.5 to
63.6%, 4.1 to 4.7 months and 8.6 to 9.8 months,
respectively.

Here, we showed an RR of 30.8% and a disease control
rate of 64,1%. Moreover, median TTP was 4.1 months,
median OS was 8.8 months and median duration of response
was 5.4 months. These results indicate that combination
therapy with cetuximab and irinotecan produced notable
antitumor activity in metastatic CRC patients who had been
pretreated with irinotecan, oxaliplatin and fluoropyrimidine,
confirming the results of previous studies (11,12,15,19).

With regard to first-line treatment of metastatic CRC, a
Phase Il trial of cetuximab in combination with fluorouracil,
leucovorin and oxaliplatin (FOLFOX-4) reported the
encouraging RR of 72%, median PFS of 12.3 months and
median OS of 30.0 months (20). Further, a randomized trial
of FOLFIRI with or without cetuximab (the CRYSTAL
trial) demonstrated a statistically significant higher overall
RR (46.9 versus 38.7%, P = 0.0038), longer median PFS
(8.9 versus 8.0 months, P = 0.0479) and higher surgical
resection rate after chemotherapy (2.5 versus 6.0%) for the
cetuximab combination arm (21). Further studies in these
first- or second-line settings are required.

Among other results, we found that the RR of patients
who had achieved a response in a prior irinotecan regimen
was significantly higher than that of patients who had not,
though the difference in survival was not significant. This
result suggests that cetuximab reversed resistance to irinote-
can and thereby enhanced its antitumor activity. Although
this combination showed sufficient antitumor activity as
third-line treatment in patients who had not achieved a prior
response to irinotecan, greater clinical benefit would be
obtained in those who had. Among previous studies, while
the BOND study reported a subgroup analysis by progression
during or within 4 weeks after pre-study with irinotecan, no
study has reported a subgroup analysis by response to a prior
regimen (12). The small number of patients notwithstanding,
our present study is the first clinical trial of cetuximab and
irinotecan for metastatic CRC to conduct a subgroup analysis
by response to a prior irinotecan regimen.

Interestingly, we saw no correlation between response and
the degree of EGFR expression by immunohistochemistry
(IHC). Previous studies showed that EGFR expression
detected by THC was not a consistent predictor of response
to EGFR-targeted therapy, and that EGFR-non-detectable
patients also achieved a response to EGFR-targeted therapy
(12,16). Proposed explanations for this lack of a consistent
correlation include inaccuracies linked to THC testing result-
ing from potential sample degradation or epitope loss during
fixation. On the basis of these findings, the NCCN considers
that the evaluation of EGFR expression by IHC is not of
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predictive value in the determination of indications for
anti-EGFR monoclonal antibody therapy (6).

With regard to adverse findings, a number of studies have
demonstrated that the presence and severity of rash strongly
correlate with efficacy (12,17). Here, in contrast, the presence
and severity of rash were not correlated with clinical benefit.
The incidence of grade 3 acne-like rash was lower than in pre-
vious studies. One reason for this lack of correlation between
the presence and severity of rash and clinical benefit might be
our early administration of antibiotics prior to the development
of grade 3 acne-like rash. A recent randomized double-blind
trial of prophylactic oral minocycline and topical tazarotene
for cetuximab-associated acne-like eruption demonstrated that
oral minocycline might be useful in decreasing the severity of
the acneiform rash during the first month of cetuximab treat-
ment (22). In the present study, all patients received topical
agents and 51.4% received oral antibiotic drugs, including
minocycline, after doctors diagnosed skin rash; median dur-
ation from the start of antibiotics to the appearance of acne-like
rash was 5.7 days, which might have reduced severity.

Recent findings have confirmed an association between

the expression of EGFR amplification and K-ras mutation

and the efficacy to cetuximab therapy (23). Further, K-ras
mutation has been shown to be an independent prognostic
factor in CRC patients treated with cetuximab (24,25).
While the expression of these variables was not analyzed in
the present study, these findings will likely assist in future
cfforts to define the subpopulation of patients most likely to
benefit from cetuximab.

In conclusion, this study provides evidence of the substan-
tial clinical efficacy of combination therapy with cetuximab
plus irinotecan as third-line treatment in metastatic CRC
patients who are refractory to irinotecan-based chemotherapy
and who have failed oxaliplatin- and fluoropyrimidine-based
chemotherapies in their previous treatment.
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Abstract

Background. Small-bowel adenocarcinoma (SBA) is a rare
tumor that has a poor response to chemotherapy and a poor
prognosis. Treatment strategies for SBA have not been clearly
established.

Methods. All patients with SBA treated using a combi-
nation of cisplatin and irinotecan (IP) as first-line chemo-
therapy at the National Cancer Center Hospital in Japan
between January 1999 and February 2007 were studied
retrospectively.

Resulis. Eight patients received IP as first-line chemotherapy.
The median follow-up was 9.5 months (range, 4.2-37.5
months). The median number of cycles of IP was three (range,
1-5). The overall response rate (complete or partial response)
was 12.5% (complete response, n = (); partial response, n =1).
The disease control rate (complete or partial response or
stable disease) was 75%. The median time to treatment failure
was 4.5 months (95% confidence interval, 0.9-5.8 months),
and overall survival was 17.3 months (range, 1.9-21.3 months).
The most common adverse events were neutropenia and
anorexia.

Conclusion. IP combination chemotherapy may be an accept-
able option for patients with SBA. Further studies are war-
ranted to determine the optimal chemotherapeutic regimen
for SBA.

Key words Adenocarcinoma - Small intestine - Chemotherapy
- Cisplatin - Irinotecan

Introduction

Although the small bowel comprises more than 90% of
the intestinal surface, small bowel malignancies are rare
[1]. Small-bowel adenocarcinoma (SBA) accounts for
fewer than 1% of gastrointestinal cancers [2], with an
incidence of 3.9 cases per million persons, and a mean

Offprint requests to: K. Shirao
Received: June 9, 2008 / Accepted: September 29, 2008

age at diagnosis of 60-70 years [3]. Given the rarity of
the disease, its characterization remains limited. Crohn’s
disease, Peutz-Jeghers syndrome, familial adenomatous
polyposis, and type 1 neurofibromatosis are known risk
factors for SBA [4]. The low incidence, obscure symp-
toms, and difficulty in diagnosis mean that the disease
often manifests in an advanced stage. Generally,
advanced metastatic SBA is known to have a poor
response to chemotherapy and a poor prognosis, and no
standard therapeutic strategy has yet been established.

Previous reports have studied several chemotherapy
regimens, including 5-fluorouracil (5-FU), platinum
compounds, and irinotecan [5-9]. In one of the few
prospective, phase II studies of patients with SBA,
Gibson et al. [5] found that the FAM regimen (5-FU,
doxorubicin, and mitomycin C) was active and tolerable
for patients with advanced SBA. In that study, the
response rate was 18.4%. and the median survival was
8 months. Despite the small number of retrospective
studies, it appears that irinotecan may have some effi-
cacy against SBA [6, 7].

Combination chemotherapy with irinotecan and cis-
platin (IP) has been investigated as first- or second-line
therapy in patients with gastric cancer. Chemothera-
peutic regimens for gastric or colorectal cancer are also
often effective for SBA. Therefore, we have treated
patients presenting with advanced or recurrent SBA
using IP as first-line chemotherapy at the National
Cancer Center Hospital (NCCH). The purpose of the
present study was to determine the efficacy of IP in
patients with SBA and to discuss the feasibility of this
approach.

Patients and methods

Patient selection

Patients were retrospectively selected for this study
according to the following criteria: (1) histologically
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confirmed adenocarcinoma arising from the small intes-
tine, except for the ampulla of Vater; (2) metastatic or
recurrent disease; (3) combination therapy with IP as
first-line chemotherapy; and (4) treatment performed
at the NCCH between January 1999 and February
2007.

Trearment schedule

On day 1, irinotecan 70 mg/m” was given as a 90-min
intravenous infusion, followed 2 h later, by cisplatin
80 mg/m’® given over 120 min. Irinotecan 70 mg/m’ was
also given on day 15. Each cycle lasted 4 weeks. To
avoid cisplatin-induced renal damage, patients were
hydrated intravenously on day 1 with 3000 ml of 5%
dextrose in 0.09% sodium chloride, and diuresis was
induced with furosemide. Hydration with 2000 ml of
5% dextrose in 0.09% sodium chloride was continued
for another 48 h [10].

Response and toxicity evaluation

The best response during initial chemotherapy was
evaluated. Complete response (CR) was defined as
the complete disappearance of all clinically detectable
tumors and no new lesions. Partial response (PR) was
defined as a decrease of 30% or more in the sum of the
longest diameters of the target lesion (compared to the
baseline sum of the longest diameters), in addition to
nonprogression in nontarget lesions and no new lesions.
Stable disease (SD) consisted of regression of target
lesions insufficient to meet the criteria for PR, an
increase of less than 20% in the sum of the longest
diameters of the target lesion (compared to the smallest
sum of the longest diameters after chemotherapy), no
progression in nontarget lesions, and no new lesions. In
patients in whom the response to the first cycle of
chemotherapy was progressive disease (PD), the best
response was PD. Even when the chemotherapeutic
regimen was changed because of toxicity without disease
progression, the best response was defined as that which
occurred during first-line chemotherapy with IP.

The National Cancer Institute common toxicity crite-
ria (version 3.0) were used for evaluation of toxicity.

Data collection and statistical analyses

Patient characteristics, including age, sex, performance
status (PS), primary site and degree of differentiation
of adenocarcinoma, date of initial diagnosis for meta-
static or recurrent SBA, start of IP, progressive disease
and death or last follow-up, as well as details of treat-
ment obtained from medical records, were collected
retrospectively. Time to treatment failure (TTF) was
defined as the interval between first administration of
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the drugs and termination of drugs for any reason or
death or last follow-up. Overall survival (OS) was
defined as the interval between first administration
of the drugs and death or last follow-up. Median TTF
and OS were estimated using the Kaplan-Meier
method.

Results

IP was given as first-line chemotherapy in eight patients
at the NCCH between January 1999 and February 2007.
The median follow-up was 9.5 months (range, 4.2-37.5
months). The patients’ characteristics are shown in
Table 1. A tendency toward female predominance was
seen. The patients’ median age was 61 years (range,
52-71 years), and PS was well maintained. Two patients
had recurrent SBA after curative surgery and received
no adjuvant chemotherapy. No patients had risk factors
for SBA, such as Crohn’s disease. A total of 23 cycles
were given. with a median number of 3 cycles per patient
(range, 1-5).

Chemotherapy and response
The overall response rate for first-line IP chemotherapy

was 12.5% (PR, n=1; CR, n=0). Five patients had SD;

Table 1. Patient characteristics

Patients (n = 8) %

Sex

Male 3 375

Female 5 62.5
Age (years)

Median (range) 61 (56-71)

0 6 750

1 2 250
Primary site

Duodenum 6 75.0

Jejunum 1 12.5

Neum 1 125
Differentiation

Intestinal type 2 450

Diffuse type 1 125

Not examined 3 62.5
Disease stage

Advanced 6 750

Recurrent after surgery 2 250
Site of metastases

Regional lymph nodes 5 62.5

Distant lymph nodes 1 125

Liver 4 50.0

Lung 1 12.5

Peritoneum 1 125
Number of metastases

1 5 62.5

2 3 375
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Table 2. Detailed patient information

Age
Patient (vears) Sex PS Primarysite Site of metastases
1 n F 0 lleum Regional LN
2 61 M 1 Duodenum Regional LN
3 s56 F 1 Duodenum  Liver, regional LN
4 58 M 0 Jejunum Liver, regional LN
5 56 F 0  Duodenum Liver
6 62 F 0 Duodenum Lung
7 64 F 0 Duodenum Peritoneum, liver
8 62 M 0 Duodenum Regional LN

Response TTF Second-line 0s
to IP (months) chemotherapy (months)

SD 2.6 Not applicable® 18.2
SD 45 Mitomycin/rinotecan 8.1
PR 58 §-1 213
SD 42 Mitomycin/irinotecan 17.3
PD 21 5-FU 44
SD 45 §-1 16.7°
PD 23 None 34
SD 0.9 S-1/cisplatin 1.9°

PS. performance status; IP, combination therapy with irinotecan and cisplatin: TTF, time to treatment failure; OS, overall survival; LN, lymph

nodes; SD, stable disease; PR, partial response; PD, progressive disease

*Patient referred to another hospital
"Censored cases

thus, the disease control rate was 75% (six of eight
patients). The patient who achieved PR was a 56-year-
old woman with advanced duodenal adenocarcinoma
who had positive regional lymph nodes and liver metas-
tases (Table 2). Five courses of IP, which caused mild
toxicities, were given before disease progression.
Although the degree of differentiation of adenocarci-
noma was examined in only three of the eight patients,
whether the type was intestinal or diffuse was not likely
to be associated with chemotherapy response.

The detailed characteristics of each patient are shown
in Table 2. Second-line chemotherapy was received by
six of seven patients (85.7%): information on second-
line chemotherapy was unavailable for one patient with
SD, because that patient was referred to another hospi-
tal. The remaining patient did not undergo second-line
chemotherapy due to poor PS resulting from disease
progression. Four of the six patients who received
second-line chemotherapy achieved SD, and the other
two patients had PD. Thus, no patients achieved CR or
PR with second-line chemotherapy. Two of three pa-
tients who had S-1 or its combination as second-line
chemotherapy seemed to have longer survival than the
others and the remaining patient’s result was censored
and thus unknown.

TTF and OS

The median TTF was 4.5 months (95% confidence
interval [CI], 0.9-5.8 months), and OS was 17.3 months
(range. 1.9-21.3 months). The Kaplan-Meier curve for
OS is shown in Fig. 1. Six of the eight patients died from
progression of SBA. Patients with PR or SD tended to
survive longer than patients with PD (Table 2).

Toxicity of IP

All eight patients were assessable for toxicity. The tox-
icity profiles are listed in Table 3. In terms of hemato-

1.0y

0.8

0.6

04

Probability of survival (%)

0.2

0.0

5 10 15 20
Survival (months)

Fig. 1. Overall survival

logical toxicity, neutropenia was common, with severe
toxicity in 25% of patients. Febrile neutropenia occurred
in one patient (12.5%). Grade 3 anemia was observed
in two patients and might have been associated with
gastrointestinal bleeding from the primary lesion.
Common nonhematological toxicities were gastrointes-
tinal, such as anorexia, diarrhea, and nausea. Seven of
the eight patients (87.5%) experienced anorexia, and
two developed severe anorexia. Only one patient devel-
oped a mildly elevated serum creatinine level, but liver
dysfunction was observed in two patients, with elevated
serum aspartate aminotransferase, alanine aminotrans-
ferase, and bilirubin levels. In one such patient, grade 3
toxicity occurred and resulted in postponement of treat-
ment. In all, three patients discontinued IP due to
adverse effects without disease progression. Toxicities
responsible for discontinuation were hearing distur-
bance, taste alteration, and severe anorexia. No
treaiment-related deaths were observed with IP.

-153-




M. Ono et al.: Chemotherapy for small-bowel carcinoma

Table 3. Toxicity in patients treated with irinotecan and cisplatin

Grade (NCI CTC-v.3)

1(n) 2(n)

Leukopenia 0
Neutropenia
Anemia

Anorexia

Alopecia

Diarrhea

Fatigue

Nausea

Vomiting

Erythema
Neuropathy-hearing
Taste alteration
Febrile neutropenia
Bilirubin

AST

ALT

Creatinine

COoOD-D=OoOOOoONOOOoOWNWD

=~ oDOoDOONERNNE =D~

3(n) 4 (n) Grade 3/4 (%)

125
250
25.0
25.0
0.0
0.0
0.0
0.0
0.0
0.0
12.5
0.0
125
0.0
12.5
12.5
0.0

C==O=~O~o00COOMNNFE -
(R~ -N-N-F—-N-T—H-R=N-—R—N— R0 ]

NCI CTC, National Cancer Institute common toxicity criteria, version 3; AST, aspartate amino-

transferase; ALT, alanine aminotransferase
Discussion

As SBA is such a rare disease, few patients with
advanced or recurrent SBA are treated each year at our
institution. Because little evidence has been provided
with respect to treatment of SBA, chemotherapy regi-
mens for SBA are selected based on previous reports
dealing with SBA or treatment for other gastrointesti-
nal cancers. We have previously used combined 5-FU
and cisplatin or continuous 5-FU infusion as first-line
chemotherapy in patients with SBA. However, because
response to these regimens was not particularly good,
we changed from 5-FU-based chemotherapy to IP,
which had been investigated for patients with gastric
cancer as first- or second-line chemotherapy [10-12]. To
date, no reports have described SBA patients treated
with IP as first-line chemotherapy.

Polyzos et al. [7] reported that two of three patients
with advanced SBA achieved PR and palliation of
symptoms with single-agent irinotecan, while Locher et
al, [6] found that second-line chemotherapy with 5-FU
and irinotecan resulted in disease stabilization in 50%
of patients, Fishman et al. [13] retrospectively reported
that a chemotherapy regimen including irinotecan
appeared to offer higher overall response rates than
fluorouracil-based regimens for first- or second-line
chemotherapy.

Little evidence is available concerning the role of
platinum compounds (including cisplatin) in patients
with SBA. Erlichman et al. [14] reported that, in a phase
I study, combination treatment with irinotecan, 5-FU,
leucovorin, and oxaliplatin resulted in one partial
response and two patients with SD. Also, Locher et al.

[6] found that combining 5-FU and platinum compounds
for first-line chemotherapy resulted in an objective
response rate of 21%, a median progression-free sur-
vival of 8 months, and median overall survival (OS) of
14 months, with manageable toxicities.

Although the present results were inferior to other
regimens with respect to the overall response rate and
progression-free survival for first-line chemotherapy,
the OS was longer. In the present study, many patients
received second-line chemotherapy involving fluoropy-
rimidine drugs. Actually, patients who had S-1 as
second-line chemotherapy tended to have longer sur-
vival. This implies that, as with other gastrointestinal
cancers, treating advanced SBA with all possible effec-
tive drugs, such as fluoropyrimidine drugs, irinotecan,
and platinum compounds, throughout the treatment
period may be important. Simultaneously, possible
effective combinations of drugs should be investigated,
such as S-1 based regimens.

Patients with gastric cancer show a variety of hema-
tological and nonhematological toxicities with IP regi-
mens [11, 12]. In a phase II study in which patients with
metastatic gastric cancer received a median of three [P
treatment courses (range, 1-7), grade 4 neutropenia was
observed in 37%-57% of patients, and grade 3 or 4
nausea was observed in 18% [11]. In the present study,
some mild and severe toxicities were also observed in
patients with SBA. Thus, adequate management of tox-
icities and discontinuation of chemotherapy, as neces-
sary, is important for IP regimens.

In conclusion, patients with advanced and recurrent
SBA treated using combined IP for first-line chemo-
therapy were retrospectively studied. Combination che-
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motherapy with TP may offer an acceptable option in
patients with SBA, but such patients require supportive
care. Further studies are warranted to identify more
effective and safer antitumor drugs for SBA patients,
including molecular targeted therapy.
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Short Communication

Close Association of UGT1A9 IVS1+399C>T with UGT1A1*28, *6,
or *60 Haplotype and Its Apparent Influence on 7-Ethyl-10-
hydroxycamptothecin (SN-38) Glucuronidation in Japanese
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ABSTRACT:

The anticancer prodrug, irinotecan, is converted to its active form
T-ethyl-10-hydroxycamptothecin (SN-38) by carboxylesterases, and
SN-38 is inactivated by UDP-glucuronosyltransferase (UGT)1A1-me-
diated glucuronidation. UGT1A9 also mediates this reaction. In a
recent study, it was reported that the UGT1A9 IVS1+399 (1399)C>T
polymorphism is associated with increased SN-38 glucuronidation
both in vitro and in vivo. However, its role in UGT1A9 expression levels
and activity is controversial. Thus, we evaluated the role of 1399C>T
in SN-38 glucuronidation using 177 Jag patients admin-
Istered irinotecan. 1399C >T was detected at a 0.636 allele frequency.
This polymorphism was in strong linkage disequilibrium (LD) with
UGT1A9"1b (-126_—118T,>T,,, D'l = 0.99) and UGT1AT"6 (211G>A,
0.86), in moderate LD with UGT1A1*60 (-3279T >G, 0.55), but weakly

associated with UGTTAT*28 (—54_—39A(TA),TAA>A(TA), TAA, 0.25).
Haplotype analysis showed that 88% of the 1399C alleles were linked
with low-activity haplotypes, either UGTTAT6, 28, or "60. On the
other hand, 85% of the T alleles were linked with the UGT1A7 wild-
type haplotype *1. Although I399T-dependent increases in SN-38
glucuronide/SN-38 area under concentration-time curve (AUC) ratio
(an in vivo marker for UGT 1A activity) and decreases in SN-38 AUC/
dose were apparent (P < 0.0001), these effects were no longer ob-
served after stratified patients by UGT1A1"6, "28, or "60 haplotype.
Thus, at least in Japanese populations, influence of 1388C>T on
SN-38 glucuronidation is attributable to its close association with
either UGTTA1"6, *28, or "60.

Irinotecan is an important drug for treatment of various tumors
including lung, colon, and gastric (Smith et al., 2006). The infused
drug is metabolized to its active form 7-ethyl-10-hydroxycamptoth-
ecin (SN-38) by carboxylesterases, and SN-38 is inactivated by gluc-
wronidation. At least four UDP-glucuronosyliransferase (UGT) iso-
forms, namely UGTIAI, UGTIA7, UGT1A9, and UGTIAI0, are
known to glucuronidate SN-38 (Gagné et al., 2002; Saito et al., 2007).

The UGTIA gene complex consists of 9 active first exons including
UGTIAIO, IA9, IA7, and /A (in this order) and common exons 2 to
5. One of the 9 first exons can be used in conjunction with the
common exons (Tukey and Strassburg, 2000). The UGTIA N-termi-
nal domains (encoded by the first exons) determine substrate-binding
specificity, and the C-terminal domain (encoded by exons 2 1o 5) is
important for binding to UDP-glucuronic acid. The 5'- or 3'-flanking
region of each exon | is presumably involved in regulation of its
expression. Substantial interindividual differences have been detected
in mRNA and protein levels and enzymatic activity of the UGT1A
isoforms (Fisher et al., 2000; Saito et al., 2007).

SN-38 glucuronidation is thought to be mediated mainly by UGTIAI,
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and its genetic polymorphisms affecting innotecan pharmacokinetics and
adverse reactions have been already identified. The TA-repeat polymor-
phism, —54_-39A(TA),TAA>A(TA),TAA (UGTIAI*28 allele), is
associated with lower promoter activity, resulting in reduced SN-38 gluc-
uronidation (Beutler et al., 1998; lyer et al., 1999). The single nucleotide
polymorphism (SNP) 211G=A (Gly7 | Arg. *6 allele), found mainly in
East Asians, causes reduced protein expression levels and SN-38 gluc-
uronidation activity (Gagné et al., 2002; Jinno et al., 2003). Another SNP
in the enhancer region of UGTIAI, —3279T>G (*60 allele), is also a
causative factor for reduced expression (Sugatani et al., 2002), Allele
frequencies have been reported for *28 (0.09-0.13), *6 (0.15-0.19), and
*60(0.26-0.32) in Japanese and Chinese populations and for #28 (0.30-
0.39), *6 (~0), and *60 (0.44-0.55) in whites (Saito et al., 2007). In a
previous study, in the Japanese population, we defined haplotype *28 as
the haplotype harboring the *28 allele. haplotype *6 as that harboring
the*6 allele, and haplotype *60 as that harboring the *60 allele (and
without the *28 or *6 allele) (Sai et al., 2004; Saeki et al., 2006). Note that
most of the *28 haplotypes concurrently harbored the *60 alleles, and that
the *28 and *6 alleles were exclusively present on the different chromo-
somes (Sui et al., 2004; Sacki et al., 2006). We have also revealed that the
haplotype *28, *6, or *60 was associated with reduced SN-38 glucuro-
nide (SN-38G)/SN-38 area under concentration-time curve (AUC) ratios,
an in vivo parameter for UGTIA activity (Minami et al., 2007).

In a recent stdy, an intronic SNP of UGTIA9, IVS1+399
(1399)C>T, has been shown to be associated with increased UGT1A9
protein levels and glucuronidation activities toward SN-38 and the
UGTIAY probe drug propofol (Girard et al., 2006). Elevation of

ABBREVIATIONS: SN-38, 7-ethyi-10-hydroxycamptothecin; UGT, UDP-glucuronosyltransferase; SNP, single nucleotide polymorphism; SN-38G,
SN-38 glucuronide; AUC, area under concentration-time curve; 1399, UGTTA9 IVS1+399:; LD, linkage disequilibrium.
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ROLE OF UGT1A9 IVS1+399C>T ON SN-38 GLUCURONIDATION

SN-38 glucuronidation activity by this SNP is significant among
subjects without UGT/A/*28. Sandanaraj et al. (2008) have also
reported that 1399C/C patients showed higher SN-38 AUC than O/T
and T/T patients. With the same UGTIA] diplotypes, patients with
1399T/T (and UGTIAY —126_—118T, /T ;) have shown higher SN-
38G C,,., than 1399C/T (and T/T ) patients. UGTIA9* Ib (UGTIA9
=126_-118T,>T,,) has been shown to have no affect on UGTIA9
expression levels (Girard et al., 2006; Ramirez et al., 2007; Sandan-
araj et al., 2008). Thus, two groups did suggest that 1399T allele was
associated with higher glucuronidation activity. However, using hu-
man liver microsomes, Ramirez et al. (2007) showed that 1399C>T
had no significant effect on both UGTIAY mRNA levels and gluc-
uronidation activities for two UGT1A9 substrates. Therefore, the roles
of 1399C>T in UGT1A9 activities as well as SN-38 glucuronidation
remain inconclusive.

In the present report, we reveal the linkage of 1399C=>T with UGTIAL
UGTIA7, and UGTIA9 polymorphisms and analyze its association with
the SN-38G/SN-38 AUC ratio and SN-38 AUC/dose (per dose) to clanify
its ole in SN-38 glucuronidation.

Maierials and Methods

Patients. One hundred and seventy-seven patients (81 lung, 63 colon, 19
stomuch, and 14 other cancer patients) administered irinotecan at the National
Cancer Center were enrolled in this study as described previously (Minami et
al., 2007). This study was approved by the ethics of the National
Cancer Center and the National Institute of Health Sciences. and writien
informed consent was obtained from all | Eligibiliry criteria. patient
profiles. and innotecan regimens are summarized in our previous repon
(Minami et al., 2007). In brief, putients consisted of 135 males and 42 females
with a mean age of 60.5 (26~78 years old). and their perl'onm: status was
0 (84 patients). | (89 patients). or 2 (4 p ). Ini
were ducted fing 1o the standard protocols in Japan as follows: iv.
90-min infusion at a dose of 100 mg/m® weekly or 150 mg/m® biweekly in
irinotecan monotherapy: and 60 mg/m” weekly with cisplatin in most combi-
nation therapies.

Genolyping and Hlplnl;ype Aulyﬂ& C-mcmﬁ: DNA was extracied (rom
whole blood of 177 i pati (Sacki et al.. 2006).
UGTIA9 IVS1+399C>T (1s2741049) was genotyped using the TagMan
SNP Genotyping Assay kit (C_9096281_10) according to the manufacturer’s
instructions (Applied Biosystems, Foster City, CA), The UGTIAI*28
allele [—54_—-39A(TA)TAASA(TALTAA) UGTIAI*6 allele [211G>A
(Gly71Arg)]. UGTIAI*60 alicke (~3279T>G), UGTIA7*2 haplotype
[387T=>G, 391C>A and 392G>A (Asnl 29Lys and Argl31Lys)]. UGTIA7*3
haplotype [387T>G. 391C>A. 392G>A. and 622T>C (Asnl29Lys.
Argl31Lys, and Trp208Arg)], and UGTIA9* 1k allele (~126_~ 118T,>T,,)
were determined previously (Saeki et al., 2006). Hardy-Weinberg equilibrium
analysis of 1399C>T, Imkuc disequilibriom (LD) analysis of the UGTIA9,
UGTIA7Z, and UGTIAI pol phi and | ion with an
expectation-maximization algorithm were prrfumed umng SNPAlyze version
7.0 software (Dynacom, Chiba, Japan).

Pharmacokinetics. Pharmacokinetic data for the 176 innotecan-treated
patients (data for one patient was unavailable) were described previously
(Minami et al., 2007). In brief, heparinized blood was collected before irino-
tecan administration and at 0, 0.33, 1, 2, 4, 8, and 24 h after temination of the
first infusion of irinotecan. SN-38 and SN-38G plasma concentrations were
determined by high-performance liquid chromatography. and AUC was cal-
culated using the trapezoidal method in WinNonlin version 4.01 (Pharsight,
Mountain View, CA).

Statistical Analysis. Gene dose effects of 1399C>T and UGTIAI haplo-
rypes (*28. *6, or *60) were d by the Jonckheere-Terpstra test using
SuExact version 6,0 (Cytel Inc., Cambridge, MA), Multiplicity adjusmment
was conducted with the false discovery rate. The significant difference was ser
al p = 005 (two-tailed).
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Linkages of UGTIA9 IVS1+399 (1399)C>T with Other Poly-
morphisms. In our patients, 1399C>T was detected at a 0.636 allele
frequency. which is almost the same as those in the HapMap data
(rs2741049) for Japanese (0.663) and Han Chinese (0.633) popula-
tions, but higher than those for Europeans (0.383) and Sub-Saharan
Africans (Yoruba) (0.417). Genotype distribution for this SNP was in
Hardy-Weinberg equilibrium (p = 0.418). LD analysis was per-
formed between 1399C>T and the previously determined genotypes.,
UGTIA9* b, UGTIA7*2 and *3. and UGTIAI®28, *6, and *60,
which were detected at >0.1 frequencies in Japanese populations
(Sacki et al., 2006). When assessed by the D'l value. 1399C>T was
in complete LD with UGTIA7 387T>G, 391C>A and 392G>A
(UGTIA7#2, ID’| = 1.000); in strong LD with UGTIAY —126_
—~118T>T,, (UGTIA9* b, 0.987), UGTIA7 622T>C (UGTIAT*3.
0.977), and UGTIAI 211G>A (UGTIAI*6, 0.864); and in moderate
LD with UGTIAI —3279T>G (UGTIAI*60, 0.554), but weakly
associated with UGTIA] —534_—39A(TA) TAA>A(TA),TAA
(UGTIAI*28, 0.252). In r* values, the 1399C>T was in strong LD
with UGTIA7*2 (* = 0.976) and UGTIA9* 1) (0.916), in moderate
LD with UGTIA7*3 (0.478), but in weak LD with UGTIAI#6(0.261)
and UGTIAI*60 (0.208), and in litle LD with UGTIAJ*28 (0.018).

Haplotype Analysis. Haplotype analysis was performed using the
9 polymorphisms including 1399C>T. As shown in Fig. 1, 95%
(123/129) of the 1399C alleles were linked with the UGT1A9 —126_
~ 18T, alleles, and 100% (225/225) of the T alleles were linked with
the T, alleles (UGTIA9*1b). The 1399C alleles were completely
(129/129) linked with the UGTIA7 387G, 391A, and 392A alleles,
and most T alleles (223/225) were linked with the 387T, 391C, and
392G alleles. The 40% (51/129) and 60% (78/129) of the 1399C
alleles were linked with UGTIA7*2 and UGTIA7*3 haplotypes, re-
spectively. We also found that 98% (126/129) of the 1399C alleles
were linked with the UGTIAI®6 (211G>A), *2§ [-54_
—~39A(TA), TAA>A(TA), TAA], or *60 (—3279T>G). According to
the UGTIAI haplotype definition by Sai et al. (2004), 42% (54/129),
36% (46/129), 19% (25/129), and 1% (1/129) of the 1399C alleles
were linked with the UGTIA] haplotypes *6a (harboring *6 allele),
*60a (harboring *60 allele), *28b (harboring *60 and*28 alleles), and
*28d (harboring *28 allele), respectively. On the other hand. 85%
(191/225) of the T alleles were linked with the UGTIAI wild-type
haplotype */.

Association Analysis, The associations of 1399C>T with irnnote-
can pharmacokinetic parameters were then analyzed using the esti-
mated haplotypes. First, association with SN-38G/SN-38 AUC ratio,
an in vivo parameter of UGTIA activity (Sai et al., 2004; Minami et
al,, 2007; Sandanaraj et al., 2008), was analyzed. UGTIA7*2 had
unchanged activity for SN-38 glucuronidation (Gagné et al., 2002),
and neither UGTIA9* 1b nor UGTIA7*3 had significant effects on the
SN-38G/SN-38 AUC ratio in our previous study (Minami et al.,
2007). On the other hand. the UGTIAI*6, *28, and *60 haplotypes
were associated with the reduced SN-38G/SN-38 AUC ratios (Mi-
nami et al., 2007). Although effects of the haplotype *2& and *6 were
more striking, haplotype UGT/A1#60, harboring only the *60 allele
without the *28 allele, was weakly associated with the reduced ratio.
To remove even this weak effect and clarify the real effect of
1399C=>T, UGTIAI*60 was also considered as low-activity haplotype
in this analysis. Namely, we analyzed the associations of 1399C>T
with the AUC ratio within the groups stratified by the UGTIAJ
haplotypes, UGTIAI*28 (*28b and *28d), *6 (*6a), and *60 (*60a)
(combined and shown as UGTIAI"+").

When stratified by the 1399C>T genotype, a T allele-dependent
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|Gene UGTIAY UGTIAT® UGTIAL®
126~ | IVS1+
! = 387 | 391 392 622 | -3279 [ (TA)>| 211
Nucleotide change '|-I I’8_ %99 T>G oA A T>C G | TA) | GoA Number | Frequency
=T C=T
e “Ib 2,43 | *203[s2%3] =3 *60, | *28 *6
28
*]C-*3-*fa 7 = S, 7Y 47 0.133
*1C-*2-*6la 44 0.124
*]C-*3-*28h 21 0.059
“]C-*2-*28h 4 0.011
*1C-*3-*60a 2 0.006
=JC-*3-*28d 1 0,003
- |*I1C-22-%6a 1 0.003
£ [ceiv6a_ |0 3 0.017
g *]C-*)-*] 2 0.006
g et 1 0.003
= [F1b7-*1-%1 190 0.537
“IbT-*3-*1 1 0,003
*IbT-*1-*28h g 0.062
“1bT-*1-*60a 5 0.014
“IhT-*]-*6g 5 0.014
*IbT-*1-*28d 1 0.003
*IhT-*2-"60a 1 0.003
[ Alelle frequency ] 0.653 | 0.636 | 0.370 [ 0.370 | 0.370 [ 0.223 Iozse [0.138 To.167 |l' 354 | o0 ]
Fic. 1. Haplotypes assigned by using common UGTIAY, UGTIA?, and UGTIAI polymorphi lotypes were shown as UGTIA® haplotypes — UGTIA7

haplotypes — UGTIAL haplotypes. Major allele, white blocks; minor allele, gray blocks, */C, T, and !199(‘ *IbC, T,, and 1399C; */bT, T,, and 1399T in UGTIA9.
*UGTIA7*2 and *3 are the haplotypes harboring the three and four UGTIA7 alleles, respectively, ‘H(TM.' (TA),>(TA), mdicates —54_—39A(TA), TAA=A(TALTAA.

increase in the SN-38G/SN-38 AUC ratio was observed (p < 0.0001,
Jonckheere-Terpstra test) (Fig. 2A). However, this wend was obvi-
ously dependent on biased distributions of UGTIAI haplotypes; e.g.,
96% of the 1399C/C patients were homozygotes for UGTIAI*28, *6,
or *60, and “UGTIAI*28, *6, or *60"-dependent reduction of SN-
3BG/SN-38 AUC ratio was found within the I399T/T genotypes (p <
0.05). As shown in Fig. 2B, UGTIAI*28, *6, or *60 (UGTIAl+)-
dependent reduction in the SN-38G/SN-38 ratio was observed when
patients were stratified by these three haplotypes. However, no sig-
nificant effect of 1399C>T was found within the stratified patients
(p = 0.05 within the —/—, —/+, or +/+ patient group in Fig. 2B). As
for SN-38 AUC/dose (SN-38 AUC values adjusted by the doses used),
a similar UGT/ Al haplotype dependence was observed. Although the
1399T-dependent reduction of SN-38 AUC/dose was detected (p <
0.0001), biased distributions of the UGTIAS*28, *6, or *60 were
again evident, and the UGTIAI + haplotypes-dependent increase was
significant within the 1399 C/T and T/T patients (p < 0.01 and p <
0.05, respectively) (Fig. 2C). Moreover, no significant effect of
1399C>T on SN-38 AUC/dose was found when stratified by the
UGTIAI haplotypes ( p > 0.05 within the —/=, =/+, or +/+ patient
group in Fig. 2D).

Discussion

In the present study, LD between 1399C>T and UGTIAI,
UGTIA7, or UGTIA9 polymorphisms in Japanese populations was
shown for the first time. Moreover, the apparent effect of 1399C>T on
SN-38 glucuronidation in Japanese cancer patients was suggested to
result from its close association with UGTIAI*28, *6, or *60.
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As for the influence of 1399C>T on UGT1A9 activity, conflicting
results have been reported. Girard et al. (2006) have shown that
1399C>T was associated with increased UGT1A9 protein levels and
enzyme activity toward an UGT1A9 probe drug propofol using 48
human liver microsomes derived mainly from whites, In contrast,
using human liver microsomes from 46 white subjects, Ramirez et al.
(2007) have revealed that the 1399C>T had no significant effects on
UGTI1A9 mRNA levels and in vitro glucuronidation activities toward
the two UGTIA9 substrates, flavopiridol and mycophenolic acid.
Furthermore, another report has demonstrated that 1399C>T had no
influence on the pharmacokinetic parameters (such as AUC and C,.,)
of mycophenolic acid in 80 Japanese renal transplant recipients (Inoue
et al., 2007). Thus, these latter two studies did suggest that the
1399C>T polymorphism has no effect on UGT1A9 enzymatic activ-
ity. Note that, at least for Japanese populations, no siudy has reported
that 1399C>T affects UGT1A9 activity.

As for the influence of I399C>T on SN-38 glucuronidation, a
possible enhancing effect has been suggested. Girard el al. (2006)
have shown an increasing effect of 1399C>T on SN-38 glucuronida-
tion, and that this SNP did not show any close linkages with the
UGTIAI*28 or *60 allele (~* < 0.06). In addition, Sandanaraj et al.
(2008) have reported that in 45 Asians consisting of Chinese (80%),
Malay (18%). and others (2%), 1399C/C patients had higher SN-38
AUC than C/T and T/T patients. Again, this SNP was not in LD with
the UGTIAI*28, *6, or *60 allele (@ were <0.09). Furthermore,
association of 1399T with increased SN-38G C,,, has been observed
even after stratified patients by UGTIA/ genotypes, although the
study sample size was small. These findings suggest that the [399T
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allele was associated with increased glucuronidation activity for SN-38
without linkages with the UGTIAI polymorphisms. Our data demon-
strate that an increase in SN-38G/SN-38 AUC ratio (i.e., increased
glucuronidation activity) was also found with 1399C>T; however, after
stratified patients by the UGTIAI*6, *28, or *60 haplotypes (haplo-
type+) showing reduced SN-38 glucuronidation activity (Sai et al., 2004;
Minami et al, 2007), any significant effect of the I399C>T was no
longer observed. Thus, no direct effect of 1399C>T on SN-38 glucu-
ronidation was shown in the current study in Japanese populations. The
discrepancy between our study and others might be derived from ethnic
and/or population differences in haplotype distribution. In fact, in our
Japanese population, 98% of the 1399C alleles were linked with either
UGTIAI #6, *28, or *60, whereas 85% of the T alleles were linked with
UGTIAI*1. On the other band, in Sandanaraj's report (in Chinese +
Malay). 84% of the 1399C alleles were linked with UGTIAI *6, *28, or
*60, whereas only 67% of the T alleles were linked with UGTIAI*]
(Sandanaraj et al., 2008).

In irinotecan therapies, genetic polymorphisms leading to in-
creases in SN-38 AUC, which closely correlates with increased
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risk of severe neutropenia (Minami et al., 2007), are clinically
important. The current study also demonstrated no significant
influence of 1399C=T on SN-38 AUC/dose after stratified patients
by UGTIAI haplotypes. Consistent with this finding, no influence
of this SNP was observed on the incidence of grade 3 or 4
neutropenia after irinotecan therapy in our population (data not
shown). Recently, genetic testing of UGTIAI*6 and *28, which
are related 1o severe neutropenia in Jupanese populations, has been
approved for clinical application in Japan. This study indicates that
there is no clinical necessity for additional genotyping of
1399C>T, at least in Japanese populations.

In conclusion of this study. the apparent influence of 1399
(UGTIAY IVS1+399)C=>T on SN-38 glucuronidation is attributable
to its close association with UGTIAI*6, *28, or *60 in the Japanese
population, Furthermore, additional genotyping of 1399C>T for per-
sonalized irinotecan therapy seems to be clinically irrelevant for
Japanese populations.
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Annual Review ks 2008

R1 ACTS-GCO#ER (UGS & hE)
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HkE- 13, LS 5 (LEfE iRk

]2 JCOG 9912HBBMDEER (St 18 & h &)

N Response Median Median Median one-side
Rate (%) TTF (M)  PFS (M) 0S8 (M) p value
5-FU 234 9 23 2.9 10.8 -
CPT-11 +CDDP 236 38 3.7 4.8 12.3 0.055 (superior)
5-1 231 28 4.0 4.2 114 < 0.001 (non-inferior)

5-FU B¢: 5-FU 800mg/m* day 1 ~5, 48 &

CP@: CPT-11 70mg/m* day 1,15, CDDP 80mg/m2 day 1,4l = &

TS-11#: TS-1 80mg/m* day 1 ~28, 634k

F1 U BR 42 2% vs 12%, 4F o BR A 11% vs
40%, #AIM4% vs 26%, WE 1% vs 12%, 7k
FIR6% vs 30% TH -7z, Lk, HHRBHEER
Redot, B, ETESICNT 5S8-]
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1. oxaliplatin 15# O KBEIL 2L
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5-FU/LV, irinotecan, oxaliplatin® 3 #l 554 &
IR o & N2 RERl O WA b S A IRt
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%HIGEREREET 5 2 L EEIE O R ICH
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DR TH S, 2003FEDASCOICEWT, Kis
WABURIC &\ T TEINENEEE O IHIE A A58 &
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—#, BFU+ LV # &L &M AMREICE VT,
ORI~ aT e & o & Bt 3 g
BavTbi, #OyuERoME-TE i T
w3, A1, FOLFOX#EE @ infusional 5FU/
LV & i} 47 # capecitabine -~ {if #it L 7- XELOX ff#
i iE, 2006 ESMO (European Society [or
Medical Oncology; BXM# it Ld) CEw
TFOLFOX e L TIHEHEM R I TWw 3
(NO16966 #t8r) 2 ; % 7=, oxaliplatin® % i
feomiEHttic L TY, #5h% WEOBE
MHEENTES, 2004 F5E S/ OPTIMOX1

#3 SPRITSHEBOER (k19 & H &%)

N Response Median Median Median
Rate (%) TTF (M) PFS (M) 0S (M)
S-1 150 31 3.9 4.0 11.0
S-1+CDDP 148 54 4.8 6.0 13.0
- p=0.009 p=<0.0001 p=0.037

S-1 HighBF: S-1 40~60mg/m” 1 A 28], day | ~28, {k¥Eday29~42
S-1+CDDPRE: S-1 40~60me/m? 1 H2Ml, day 1 ~21, fkdEday 22~35

CDDP 60mg/m* day 8
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