Chemoradiotherapy and Resection for Superior Sulcus Tumors

were as follows: lobectomy, 53 patients; partial resection, three pa-
tients; exploratory thoracotomy, one patient; none of the cases re-
quired pneumonectomy. Combined resection of the chest wall was
undertaken in 51 of the 57 patients. Complete mediastinal lymph
node dissection (ND2) was performed in 42 patients, and the remain-
ing 15 patients underwent less extensive dissection or sampling (ND0
or ND1).

The results of thoracotomy were as follows: gross residual tumor
(R2 resection, including one with probe thoracotomy), three patients;
microscopically residual tumor on pathologic review (R1 resection),
three patients; complete surgical and pathologic resection (RO resec-
tion), 51 patients. Pathologic downstaging of the tumor as compared
with the clinical stage before induction therapy was achijeved in 23
patients (40% of the patients who underwent surgery); this is an
inherently inaccurate figure and should be interpreted as such, owing
to the lack of pathologic confirmation of the c stage at presentation.
Pathologic CR, with no residual viable tumor cells in the resected
specimens, was achieved in 12 patients (16% of the 75 treated -pa-
tients). Table 3 lists the surgjcal and pathologic results according to the
initial clinical T factor.

The major postoperative morbidities included adult respiratory
distress syndrome (ARDS) in two patients, empyema in two patients,

Table 3. Surgical and Pathologic Results According to Initial Clinical T Stage
Characteristic c-13 c-Ta
No:of patients "R A 20:
"No surgery performed
P_idgreséiv_e diéeas_e :
Judgéd Unresectable
Surgical p;ocedﬁres
Thoracotomy
No. 48 9
% ’ 87 45
Pneumonectomy 0 0
Lobectomy 45 8
Probe thoracotomy 0
Other 2 4
With combined resection 44 7
Rib 38 6
Parietal pleura 4 1
Vertebra 3 3
Major vessel 3 0
Clavicle 1 0
Completeness of resection -7 - fo
T R2operation . .- v L oolTi2
. Rioperaton 3
RO operation _ P . IR
No. - ' Y- P
% . S 78 -0 . .40
Pathologic results ' ’
Downstaging 18 5
Pathlogic complete response 9 3
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chylothorax in two patients, and pneumonitis in two patients. One
patient died of sudden major bleeding on postoperative day 24. The
bleeding was identified at autopsy as being from an intercostal artery.
Another patient died of ARDS after off-protocol pneumonectomy.
The patient had been judged to have PD in response to the induction
therapy as a result of emergence of intrapulmonary metastases. The
attending surgeon and the patient agreed to salvage surgery, and the
patient developed postoperative ARDS.

Thus the total number of toxic deaths was three, including one
caused by septic shock during the induction, one by delayed postop-
erative bleeding, and one by the development of ARDS after off-
protocol, salvage surgery.

Boost Therapy

Boost radiotherapy was given to 15 patients, including 12 of the
15 patients in whom thoracotomy was not performed after the com-
pletion of induction chemoradiotherapy. One patient received boost
radiotherapy after grossly incomplete resection, and another received
boost radiotherapy after gross complete resection with microscopi-
cally residual disease. In 12 of the 15 patients, boost radiotherapy was
completed with a total dose of 66.6 Gy.

PFS and OS

Figures 1 and 2 show the PFS and OS curves, updated in Novem-
‘ber 2006. Forty-one patients were alive, with a median follow-up
period of 68 months. The median PFS time was 28 months. The PFS
rates at 3 and 5 years were 49% and 45%, respectively. The median OS
hasnot yet been reached. The OS at 3 and 5 years were 61% and 56%,
respectively. Subset analysis (Appendix Figs A2 through A5, online
only) revealed that clinical T stage was a prognostic factor (Appendix
Fig A2). Patients with clinical T3 disease had better outcome than
those with clinical T4 disease (the survival rates at 3 and 5 years were
69% and ‘61%, tespectively, versus 40% and 40%, respectively; log-
rank P = .031). The clinical N stage and histologic type of the tumor
did not significantly affect the OS (Appendix Figs A3 and A4) or PFS.
As expected, the survival rate was good in patients.in whom complete
resection could be achieved, with a projected 5-year OS of 70% as
compared ‘with 24% in whom complete resection could not be
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Fig 1. Progression-free survival (PFS) of the 75 eligible patients. PFS at 3 years
and 5 years was 49% (95% Cl, 38% to 60%} and 45% (95% CI, 34% to 56%),
respectively, with a median PFS of 27.7 months.
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Fig 2. Overall survival (OS) of the 75 eligible patients. OS at 3 years and 5 years
was 61% (95% Cl, 49% 1o 71%) and 56% (95% Cl, 44% to 66%), respectively.
The median OS has not been reached.

achieved (Appendix Fig A5). The survival of the 12 patients with patho-
logic CR was especially favorable (Appendix Fig A6, ornline only).

Pattern of Relapse

_ So far, 39 patients have experienced tumor relapse. Table 4 lists
the initial relapse sites, according to the curative extent of the surgical
resection. For unresected or incompletely resected cases, locoregional
relapse was predominant. To the contrary, for completely resected
cases, relapse at distant sites was the most frequent relapse pattern,
with some brain-only relapse patients.

We conducted a multi-institutional phase II trial of a trimodality
approach, namely, preoperative chemoradietherapy followed by sur-
gical resection, in patients with SSTs. Because of the rarity of this
subtype of NSCLC, no randomized trial has been conducted previous-
ly.”® Our report is the second of a large-scale, prospective trial after
SWOG 9416/INT 0160 and reproduced its favorable outcomes.”
The long-term results of the SWOG 9416/INT 0160 trial were
recently published.?? Although the chemotherapy regimens used were
different, a standard classic platinum-based combination was used in
both. The preoperative radiotherapy doses were also identical (45 Gy),
although a 1-week split (interval between two sessions) was included
in our protocol (but not in the SWOG trial). Boost chemotherapy was
planned after curative resection in the SWOG trial, but the compliance

Table 4. Initial Relapse Sites

Patients With Patients Without

Complete Resection Complete Resection Total
Relapse Site n = 51) (n = 24) (N = 75)
Locoregional” only . 2 8 10
Distant only 14 6 20
Brain only 4 1 5
Both 4 5 9
Total - . 20 Lo 19. ) 39

“Locoregional = surgical margin, within radiation field, hilar lymph nodes,
mediastinal lymph nodes, supraclavicular lymph nodes.

rate was poor,” as in other perioperative therapy reports; we had
anticipated that the majority of the patients would not be fit enough
for additional toxic therapy after a major thoracic surgery and did not
include it in our protocol.

Despite these minor differences, the results of the two trials were
strikingly similar (Table A1, online only). The radiologic response rate
was higher, whereas the pathologic CR rate was lower in our trial, but
the differences were probably not clinically relevant, considering in-
terobserver differences in the response evaluation and the well-known
discrepancy between clinical versus pathologic effects. The intensive
trimodality approach was found to be feasible in both reports, with a
reasonably low toxic death rate of 4%. The resection rate, which had
remained unchanged at approximately 50% for almost 40 years with
.conventional preoperative radiotherapy, was approximately 70% in
both studies. Particularly noteworthy was the reproducibility of the
favorable survival data, with a 5-year OS rate of 44% in the United
States trial and 56% in our trial, which were clearly superior to the
historical value of 30%.>*

A shiftin the trend of clinical problems also became clear.252 %
The relapse patterns changed from predominantly locoregional''® to
mainly distant recurrences in cases with complete resection,?*?*?° and
a significant number of such patients suffered from metastasis in the
‘brain as the initial site of relapse.”® To the contrary, complete resection
could be achieved in less than half of the patients with c-T4 disease,
and neither local control nor long-term survival was satisfactory in
those in whom it could not be achieved. It seemns that there might be
room for improvement in radiotherapy.

Several questions remain unresolved. One is that of management
of patients with mediastinal node involvemnent. These clinical N2 cases
‘have’been known te have the poorest prognosis™'® and were excluded
from both the SWOG and JCOG trials. Although trimodality ap-
proaches have been reported in cases with clinical N2 stage
NSCLC,***" inclusion of the hilar and mediastinal nodes in the irra-
diation field increased the toxicity risk to an unacceptable level in our
prior phase 11 trial (JCOG 9805).%

In addition to the unresolved questions above, our study also had
a critical limitation. Although this was a prospective, large-scale, and
multi-institutional tnal, no definite conclusions could be obtained
from the single-arm phase II study. As repeatedly pointed out, how-

~ ever, a phase III trial would be unrealistic due to the rarity of SSTs.

Possibly, clinical questions common with other patient subsets could
be tested in a phase III trial targeting a broader patient population; for
example, patients with SSTs and other stage 111 NSCLC could be
enrolled onto a phase III trial of prophylactic cranial irradiation after
definitive induction therapy.®

In conclusion, we report a favorable outcome of precperative
chemoradiotherapy in patients with SSTs, confirming the results of
the previous SWOG/Intergroup trial. We believe that this strategy may
be acceptable as standard for the treatment of this disease and also
serves as a reference for future trials.

The author(s) indicated no potential conflicts of interest.

JOURNAL OF CLINICAL ONCOLOGY

Information downloaded from jco.ascopubs.org and provided by KOKURITSU GAN CENTER on March 25, 2008 from .
Copyright © 2008 by the American Society of Clinical Oncology. All rights reserved.



Chemoradiotherapy and Resection for Superior Sulcus Tumors

Conception and design: Hideo Kunitoh, Harubumi Kato,
Nagahiro Saijo

Financial support: Nagahiro Saijo
Administrative support: Nagahiro Saijo
Provision of study materials or patients: Hideo Kunitoh, Harubumi
Kato, Masahiro Tsuboi, Hisao Asamura, Yukito Ichonose, Nobuyuki

1. Pancoast HK: Importance of careful roentgen-
ray investigation of apical chest tumors. JAMA 83:
1407-1411, 1924

2. Pancoast H: Superior pulmonary sulcus tu-
mor: Tumor characterized by pain, Horner’'s syn-
drome, destruction of bone and atrophy of hand
muscles. JAMA 99:1391-1396, 1932

3. Arcasoy SM, Jett JR: Superior pulmonary
sulcus tumors and Pancoast’'s syndrome. N Eng!
J Med 337:1370-1376, 1997

4. Shaw RR, Paulson DL, Kee JL Jr: Treatment
of superior sulcus tumor by irradiation followed by
resection. Ann Surg 154:29-40, 1961

5. Paulson DL: The survival rate in superior sul-
cus tumors treated by presurgical irradiation. JAMA
196:342, 1966

6. Hilaris BS, Luomanen RK, Beattie EJ Jr: Inte-
grated irradiation and surgery in the treatment of
apical lung cancer. Cancer 27:1369-1373, 1971

7. 'Paulson DL: Carcinomas in the superior pul
monary sulcus. J Thorac Cardiovasc Surg 70:1095-
1104, 1975

8. Devine JW, Mendenhall WM, Million RR, et
al: Carcinoma of the superior pulmonary sulcus
treated with surgery and/or radiation therapy. Can-
cer 57:941-843, 1986

9. Anderson TM, Moy PM, Holmes EC: Factors
affecting survival in superior sulcus tumors. J Clin
Oncol 4:1598-1603, 1986

10. Hilaris BS, Martini N, Wong GY, et a!: Treat-
ment of superior sulcus tumor (Pancoast tumor).
Surg Clin North Am 67:9656-877, 1987

11. Shahian DM, Neptune WB, Ellis FH Jr: Pan-
coast- tumors: iImproved survival with preoperative
and postoperative radiotherapy. Ann Thorac Surg
43:32-38, 1987

12. Nea! CR, Amdur RJ, Mendenhall WM, et al:
Pancoast tumor: Radiation therapy alone versus
preoperative radiation therapy and surgery. Int J
Radiat Onco! Biol Phys 21:651-660, 1991

13. Maggi G, Casadio C, Pischedda F, et al: Com-
bined radiosurgical treatment of Pancoast tumor.
Ann Thorac Surg 57:198-202, 1994

14, Komaki R, Roth JA, Walsh GL, et al: Outcome
predictors for 143 patients with superior _sulcus
tumors treated by multidisciplinary approach at the

Katakami, Kanji Nagai, Tetsuya Mitsudomi, Akihide Matsumura, Ken
Nakagawa, Hirohito Tada

Collection and assembly of data: Masahiro Tsuboi, Taro Shibata
Data analysis and interpretation: Taro Shibata

Manuscript writing: Hideo Kunitoh, Taro Shibata
Final approval of manuscript: Hideo Kunitoh, Harubumi Kato,
Masahiro Tsuboi, Taro Shibata, Hisao Asamura, Yukito Ichonose,

University of Texas M. D. Anderson Cancer Center.
Int J Radiat Oncol Biol Phys 48:347-354, 2000

15. Martinod E, D’'Audiffret A, Thomas P, et al:
Management of superior sulcus tumors: Experience
with 139 cases treated by surgical resection. Ann
Thorac Surg 73:1534-1538, 2002

16. Muscolino G, Valente M, Andreani S: Pan-
coast tumours: Clinical assessment and long-term
results of combined radiosurgical treatment. Thorax
52:284-286, 1997

17. Ginsberg RJ, Martini N, Zaman M, ‘et al
Influence of surgical resection and brachytherapy in
the management of superior sulcus tumor. Ann
Thorac Surg 57:1440-1445, 1994

18. Rusch VW, Parekh KR, Leon L, et al: Factors
determining outcome after surgical resection of T3
and T4 lung cancers of the superior sulcus. J Thorac
Cardiovasc Surg 119:1147-1153, 2000

19. Furuse K, Fukuoka M, Kawahara M, et al:
Phase |ll study of concurrent versus sequential
thoracic radiotherapy in combination with mitomy-
cin, vindesine, and cisplatin in unresectable stage Ili
non-small-cell lung cancer. J Clin Oncol 17:2692-
2699, 1999

20. Curran WJ Jr: Treatment of locally advanced
non-small cell lung cancer: What we have and have
not learned over the past decade. Semin Oncol
32:52-S5, 2005

21. Zatloukal P, Petruzelka L, Zemanova ‘M, et al:

Concurrent versus sequential chemoradiotherapy .

with cisplatin and vinorelbine in locally advanced

-non-small cell lung cancer: A randomized study.
Lung Cancer 46:87-98, 2004

22. Sause W, Kolesar P, Taylor S, et al: :Final
results of phase Il tria! in regionally advanced unre-
sectable non-small cell lung cancer: Radiation Ther-
apy Oncotogy Group, Eastern Cooperative Oncology
Group, and Southwest Oncology Group. Chest 117:
358-364, 2000

23. Dillman RO, Seagren SL, Propert KJ, et al: A
randomized trial of induction chemotherapy plus
high-dose radiation versus radiation alone in stage llI
non-smali-cell iung cancer. N Engl J Med 323:940-
945, 1990

24. Schaake-Koning C, van den Bogaert W, Dale-
sio O, et al: Effects of concomitant cisplatin and
radiotherapy on inoperable non-small-cell lung can-
cer. N Engl J Med 326:524-630, 1992

Nobuyuki Katakami, Kanji Nagai, Tetsuya Mitsudomi, Akihide
Matsumura, Ken Nakagawa, Hirohito Tada, Nagahiro Saijo

25. Rusch VW, Giroux DJ, Kraut MJ, et al: Induc-
tion chemoradiation and surgical resection for non-
small cell lung carcinomas of the superior sulcus:
Initial results of Southwest Oncology Group Trial
8416 (Intergroup Trial 0160). J Thorac Cardiovasc
Surg 121:472-483, 2001

26. Tobinai K, Kohno A, Shimada Y, et ai: Toxicity
grading criteria of the Japan Clinical Oncology
Group. Jpn J Clin Oncol 23:250-257, 1993

21. Miller AB, Hoogstraten B, Staquet M, et al.
Reporting results of cancer treatment. Cancer 47:
207-214, 1981

28. Wright CD, Menard MT, Wain JC, et al: Induc-
tion chemoradiation compared with induction radia-
tion for lung cancer involving the superior sulcus.
Ann Thorac Surg 73:1541-1544, 2002

29. Rusch VW, Giroux D, Kraut MJ, et al: Induc-
tion chemoradiation and surgical resection for supe-
rior sulcus non-smali-cell lung carcinomas: Long-
term results of Southwest Oncology Group trial
9416 (Intergroup trial 0160). J Clin Oncol 25:313-
318, 2007

30. Albain KS, Rusch VW, Crowley JJ, et al:
Concurrent cisplatinfetoposide plus chest radio-
therapy followed by surgery for stages IHA (N2)
and 1B non-small-cell lung cancer: Mature results
of Southwest Oncology Group phase Il study
8805. J Clin Onco! 13:1880-1892, 1995

31. Albain KS, Swann RS, Rusch VR, et al: Phase
‘11 study of concurrent chemotherapy and radiother-
apy {CT/RT} vs CT/RT followed by surgical resection
for stage 1IA(pPN2) non-small cefl lung cancer
INSCLC): Outcomes update of North American In-
tergroup 0139 (RTOG 9309). Proc Am Soc Clin
Oncol 23:624S, 2005 (abstr 7014)

32. Kunitoh H, Saijo N, Tsuboi M, et al: A pilot
trial of preoperative MVP-combined chemoradio-
therapy: Mitomycin C (MMC), vindesine (VDS),
and cisplatin (CDDP), concurrently given with tho-
racic radiotherapy (TRT) in N2 non-small cell lung
cancer (NSCLC). Proc Am Soc Clin Oncol 19:530a,
2000 (abstr 2085}

33. Stuschke M, Eberhardt W, Pottgen C, et al:
Prophylactic cranial irradiation in locally advanced non-
smalkcell lung cancer after multimodality treatment:
Long-term follow-up and investigations of late neuro-
psychologic effects. J Clin Oncol 17:2700-2709, 1999

-

Acknowledgment

We thank Mieko Imai for data management and Takashi Asakawa and Naoki Ishizuka, PhD, for statistical analyses.

Appendix

The Appendix is included in the full-text version of this article, available online at www.jco.org. It is not included in the PDF version

www.jco.org

(via Adobe® Reader®).

643

Information downloaded from jco.ascopubs.org and provided by KOKURITSU GAN CENTER on March 25, 2008 -from .
Copyright © 2008 by the American Society of Clinical Oncology. All rights-reserved.



Available online at www.sciencedirect.com
-—-

“e;¢ ScienceDirect NCER

Cancer Letters 261 (2008) 165-171

www.elsevier.com/locate/canlet

Importance of UDP-glucuronosyltransferase 14176 for
irinotecan toxicities in Japanese cancer patients

Kimie Sai **, Yoshiro Saito °, Hiromi Sakamoto €, Kuniaki Shirao ¢,

Koichi Kurose ©, Mayumi Saeki f, Shogo Ozawa &, Nahoko Kaniwa ¢,
Setsuo Hirohashi ", Nagahiro Saijo ', Jun-ichi Sawada ® Teruhiko Yoshida ¢

2 Division of Biosignaling, National Institute of Health Sciences, 1-18-1 Kamiyoga, Setagaya-ku, Tokyo 158-8501, Japan
® Division of Biochemistry and Immunochemistry, National Institute of Health Sciences, 1-18-1 Kamiyoga,
~ Setagaya-ku, Tokyo 158-8501, Japan
¢ Genetics Division, National Cancer Center Research Institute, 5-1-5 Tsukiji, Chuo-ku, Tokyo 104-0045, Japan
4 Division of Internal Medicine, National Cancer Center Hospital, 5-1-5 Tsukiji, Chuo-ku, Tokyo 104-0045, Japan
¢ Division of Medical Safety Science, National Institute of Health Sciences, 1-18-1 Kamiyoga, Setagaya-ku, Tokyo 158-8501, Japan
" Project Team for Pharmacogenetics, National Institute of Health Sciences, 1-18-1 Kamiyoga, Setagaya-ku, Tokyo 158-8501, Japan
€ Division of Pharmacology, National Institute of Health Sciences, 1-18-1 Kamiyoga, Setagaya-ku, Tokyo 158-8501, Japan
" Pathology Division, National Cancer Center Research Institute, 5-1-5 Tsukiji, Chuo-ku, Tokyo 104-0045, Japan
' Deputy Director, National Cancer Center Hospital East, 6-5-1 Kashiwanoha, Kashiwa, Chiba 277-8577, Japan

Received 31 July 2007; received in revised form 31 October 2007; accepted 9 November 2007

Abstract

Recent pharmacogenetic studies on irinotecan have revealed the impact of UDP glucuronosyltransferase (UGT) 1A41°28
on severe irinotecan toxicities. Although the clinical role of UGTIAI%6, which is specifically detected in East Asian
patients, in irinotecan toxicities is suggested, clear evidence remains limited. To examine the impact of *6, the association
of UGTI1AI genotypes with severe irinotecan toxicities was retrospectively investigated in Japanese cancer patients. A sig-
nificant *6-dependent increase in the incidence of grade 3 or 4 neutropenia was observed in 49 patients on irinotecan mono-
therapy (p = 0.012). This study further clarifies the clinical importance of *6 in irinotecan therapy in East Asians.
© 2007 Elsevier Ireland Ltd. All rights- reserved.
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1. Introduction colorectal and lung cancers. The active metabolite,
, : SN-38 (7-ethyl-10-hydroxycamptothecin), a topoiso-

Irinotecan, an anticancer prodrug, is widely ‘merase 1 inhibitor, is generated by hydrolysis of the
applied for a broad range of carcinomas, including parent compound by carboxylesterases [1]. SN-38 is

subsequently glucuronidated by uridine diphosphate

- . ) e glucuronosyltransferase 1As (UGT1As) suchas 1A1,
6950C.orrespondmg author, Tel.: +8¥ 33700 9478; fax: +81 3 3707 1A7, 1A9 and lAlO, to form the inac_tive metabolite,
E-mail address: sai@nihs.go.jp (K. Sai). SN-38 glucuronide (SN-38G) [2-5). Among the UGT

0304-3835/% - see front matter © 2007 Elsevier Ireland Ltd. All rights reserved.
doi:10.1016/j.canlet.2007.11.009
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isoforms, UGT1A1 is thought to be a predominant
contributor to SN-38G formation [2,6]. The dose-
limiting toxicities in irinotecan therapy are severe
diarrhea and leucopenia [7], and lowered UGT activ-
ity is well correlated with severe irinotecan toxicities
[8]. Since Ando et al. first reported the significant rel-
evance of UGT1A1°28 — a repeat polymorphism in
the TATA box (—40_—39%insTA) — to severe neutro-
penia/diarrhea [9], a number of clinical studies, pri-
marily conducted in Caucasian patients, have
shown associations between UGT1A41°28 and low-
ered SN-38G formation or severe neutropenia/diar-
rhea [10-13]. Based on these findings, the Food and
Drug Administration (FDA) of the United States
approved a revision of the label for Camptosar (iri-
notecan HCI) (NDA 20-571/S-024/S-027/S-028),
recommending “‘a reduction in the starting dose by
at least one level of irinotecan for the UGTIAI"28
homozygous patients”. Subsequently, the clinical
application of UGT1A1"28 testing was put into prac-
tice for irinotecan therapy in the United States.

To implement personalized irinotecan therapy in
Asian countries, the racial differences in UGTI1A41
polymorphisms among Caucasians, African-Ameri-
cans, and Asians must be taken into consideration
[14]. For East Asians, the frequency of "28 is one third
of that of Caucasians or African-Americans, and
another low-activity allele *6 [211G>A(G71R}]},
which is not detected in Caucasians or African-Amer-
icans, shows the same frequency as the *28 allele.
Clinical studies in Japanese cancer patients have dem-
onstrated that significantly low area under concentra-
tion-time curve (AUC) ratios of SN-38G to SN-38 are
observed in patients having *6 and/or *28 [15-17],
suggesting the necessity of typing *6 in addition to
*28. A recent report on Korean lung cancer patients
who received a combination therapy of irinotecan
and cisplatin, showed a significant association of “6
homozygotes with severe neutropenia [18]. However,
data on the role of "6 in irinotecan toxicities is still
limited in terms of the various irinotecan-containing
regimens. In the first study by Ando et al. on Japanese
cancer patients, the association of *6 with irinotecan
toxicities was not evident, but a possible enhance-
ment of *28-related toxicities by *6 was suggested
[9]. Other studies in Japanese patients showed an
additive effect of 6 on the lowered UGT activity by
*28 [15-17]. A significant association of the genetic
marker ““6 or *28” with severe neutropenia was also
shown in our previous study, but due to a lack of *6
homozygotes in our patient population, the effect of
*6 alone was not confirmed [17].

In this study, to further demonstrate the clinical
importance of "6 alone, UGT1Al genotypes were
determined using DNA extracted from paraffin-
embedded specimens (non-cancerous tissues) from
75 Japanese cancer patients by the pyrosequencing
method [19,20], and the associations between
UGTI1AI genotype and severe irinotecan toxicities
and serum total bilirubin levels were retrospectively
analyzed.

2. Materials and methods
2.1. Patients and irinotecan treatment

In a post-marketing surveillance study conducted by
Daiichi Pharmaceutical Co., Ltd. (currently Daiichi San-

kyo Co., Ltd., Tokyo, Japan), irinotecan was prescribed

to 297 patients with various types of cancers from 1995
to 2000 at the National Cancer Center Hospital. The
patients were selected through standard clinical practice
according to the drug label for indications and contra-
indications. Methanol-fixed, paraffin-embedded archival

tissue specimens, which were necessary for high-quality

extraction of DNA greater than 2 kb in size [21], were
available for 75 of the 297 patients and were analyzed in
this study. Irinotecan was administered by intravenous
30-min infusion as a single agent or in combination che-
motherapy at a dose of 60 mg/m? (weekly or biweekly),
100 mg/m? (biweekly), or 150 mg/m? (biweekly). Profiles
of the patients in this study, including cancer type, treat-
ment history, and regimens, are summarized in Table 1.
The pre-treatment levels of serum total bilirubin were
determined by a kit (VL T-BIL, Azwell Inc., Osaka,
Japan) according to an enzymatic method using bilirubin
oxidase [22]. Toxicities were monitored during irinotecan
therapy and graded according to the Common Toxicity
Criteria version 2 of the National Cancer Institute.

Because the samples in this study were residual speci-
mens remaining after histopathological diagnosis in the
hospital and not collected specifically for research pur-
poses, the samples and their clinical information were
anonymized in an unlinkable fashion according to the
Ethics Guidelines for Human Genome/Gene Analysis
Research by the Ministry of Education, Culture, Sports,
Science and Technology, Ministry of Health, Labour
and Welfare, and Ministry of Economy, Trade and Indus-
try of Japan. This study was approved by the ethics com-
mittees of the National Cancer Center and the National
Institute of Health Sciences.

2.2. DNA extraction from paraffin-embedded tissue sections
and genotyping of UGTIAI polymorphisms

Three sections (20 pm of pathologically normal tis-
sues around tumors) were deparaffinized twice by treat-
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Table 1
Profiles of cancer patients in this study
No. of
patients
Patients genotyped 75
(Male/female) (51/24)
Age
Mean/range (y) 50.7/34-75
Performance Status®
0/1/2 18/48/8
Previous treatment
Surgery* +/- 7/3
Chemotherapy® +/- 63/10
Radiotherapy® +/- 9/64
Combination therapy and tumor type [dose of irinotecan
(mg/m?)/(w or 2w)")
Irinotecan monotherapy  Lung (60/w or 100/2w) 4

Stomach (100/2w or 150/2w) 5
Colon (100/2w or 150/2w) 40

" With cisplatin Lung (60/w or 100/2w) 4
Stomach (60/2w) 11

With mitomycin C (MMC) Stomach (150/2w) 8

‘Breast (120/2w) 1

With 5-fluorouracil (5-FU) Colon (150/2w) 2
Available data on 37

serum bilirubin levels

2 Data from one patient is lacking.
® Data from two patients are lacking.
€ Weekly or biweekly.

ment with 1.5 ml of xylene at room temperature. After
centrifugations, the residual pellet was then washed
twice with 1.5 ml of ethanol. Finally, the pellet was dried
at 37°C for 15min. DNA extraction was performed
using a QlAamp tissue kit (QIAGEN K.K., Tokyo,
Japan) according to the manufacturer’s instructions with
some modifications. Briefly, 540 I of ATL lysis buffer
and 60 pl of proteinase K (Qiagen) were added to each
pellet, mixed thoroughly, and incubated at 56 °C for
3h with a rotator. Any remaining tissue debris was
removed by centrifugation, and the resulting supernatant
was used for the extraction. Twelve microliters of RNase
A (100 mg/ml) was added to the supernatant and incu-
bated for 2 min at room temperature. Next, 600 ul of
buffer AL was added and mixed thoroughly, and the
mixture was incubated at 70 °C for 10 min. Six-hundred
microliters of ethanol was added to the solution and
mixed well, followed by extraction of DNA using a Qia-
gen DNA extraction column. The DNA was eluted in a
final elution volume of 150 ul. The yield was determined
using a NanoDrop spectrophotometer (NanoDrop Tech-
nology, Inc, Rockland, DE, USA) and the size of the

extracted DNA was
electrophoresis.
Genotyping of UGTIAI'6 (211G>A, G7IR), *28
(—364C>T, which is perfectly linked with —40_—39insTA
in Japanese), and ‘60 (—3279T>G) were performed by
pyrosequencing as described previously [19,20].

checked by agarose gel

2.3. Association analysis and statistics

For association analysis, we focused on incidences of
severe diarrhea and neutropenia (grade 3 or greater)
observed during irinotecan-therapy. The incidence of
severe diarrhea was very low, and the incidence of neutro-
penia was higher in combination therapy. Therefore, the
association of neutropenia with UGTI1AI genotypes was
primarily evaluated in 49 patients with irinotecan mono-
therapy. As a parameter for in vivo UGTI1A1 activity,
serum total bilirubin levels taken at baseline from 37
patients were also used.

Statistical analysis for evaluation of the relationship
‘between UGTI Al genotypes and severe neutropenia was
performed using the chi-square test for trend using Prism
version 4.0 (GraphPad Prism Software Inc., San Diego,
CA). The gene-dose eflect of the genetic marker “*6 or
*28” on serum total bilirubin levels was analyzed using
the Jonckheere—Terpstra (JT) test in the SAS system (ver-
sion 5.0, SAS Institute, Inc., Cary, NC). The P-value of
0.05 (two-tailed) was set as a significant level. Multivariate
logistic regression analysis on neutropenia (grade 3 or
greater) was performed using JMP software (version
6.0.0, SAS Institute, Inc., Cary, NC), including variables
for age, sex, body surface area, performance status, con-
comitant disease, history of adverse reaction, irinotecan
dosage, dosing interval, and UGTIAI genotypes. The
variables in the final model for neutropenia were chosen
using the forward and backward stepwise procedure at
the significance level of 0.1.

3. Results
3.1. UGT1Al diplotypesihaplotypes

The diplotypes and haplotypes (*1, *60, *6 and*28) of
UGTIAI exon 1 were analyzed in 75 Japanese cancer
patients (Table 1) and their frequencies were summarized
(Table 2). The haplotypes were assigned according to our
previous definition [15]. It should be noted that the *60
haplotype does mnot harbor the "28 allele
(—40_-39insTA), but most of the *28 haplotype does har-
bor the *60 allele (—3279T>G). In this study, the *28
homozygote was not present, and the frequency of haplo-
type "28 (0.113) was slightly lower than that found in our
previous study (0.138) [17]. In contrast, the frequency of
haplotype “6 (0.213) was higher than that found in the
previous study (0.167) [17].
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Table 2
Frequencies of UGT] A1 diplotypes (A) and haplotypes (B) for cancer
patients in this study

Frequency

(A) Diplotype No. of patients (N = 75)

1t 21 0.280
*11°60 9 . 0.120
*60/°60 2 0.027
*6/°1 14 0.187
*6/°60 8 0.107
‘616 4 0.053
*281°1 12 0.160
*281°60 3 0.040
*281°6 2 0.027
28128 0 0.000
(B) Haplotype® No. of chromosomes (N =150)

*] 77 0.513
60 24 0.160
K] 32 0.213
28 17 0.113

* Haplotype definition follows the previous report {15]; °60,
—3279T>G without -40_—39insTA; *6, 211G>A(G71R); *28,
—40_—39%insTA.

3.2. Association of UGTI1 Al genotypes with serum total
bilirubin levels ' -

Serum total bilirubin levels at baseline, a parameter of
in vivo UGT1A1 activity, were available from 37 patients
(treated by various regimens), and we analyzed their asso-
ciation with UGTI1 A1 genotypes (Fig. 1). The median val-
ues of total bilirubin in *60/*1, °28/*1 and ‘6/*1
heterozygotes were not significantly different from that
of the wild type (°1/°1). Higher median values were
observed for the *6 homozygotes (*6/°6) and the double
heterozygotes of "6 and "28 (*6/°28) than that of the wild
type (*1/°1), with increases of 1.9-fold and 2.2-fold,
respectively. Since "6 and *28 are mutually independent
and their reducing effects on UGT activity are equivalent
[15,17), diplotypes were classified by the presence of “*6 or
*28” (indicated by “+” in Fig. 1). As shown in Fig. 1, a
significant “*6 or *28”-dependent increase in total biliru-
bin levels was observed (p = 0.0088, Jonckheere-Terpstra
test).

3.3. Severe toxicities observed in this study

Incidences of severe diarrhea and neutropenia (grade 3
or greater) are shown in Table 3 for each irinotecan-con-
taining regimen. Grade 3 diarrhea was observed in only 4
of the 75 subjects, and since the incidence of diarrhea was
low (5.3%), an association analysis on diarrhea was not
conducted. Regarding neutropenia, 26 patients experi-
enced grade 3 or 4 neutropenia. Of these 26 patients,
90% experienced neutropenia within 2 months after start-
ing irinotecan-therapy, and 70% within 2 weeks. Signifi-

2-
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Fig. 1. Effects of UGT1A1l genotypes on serum total bilirubin
levels at baseline in Japanese cancer patients (N = 37). Each point
represents a patient, and the median value of each diplotype is
shown with a bar. All diplotypes are classified into —/—, +/—,
and +/+ by the genetic marker, “UGT1A41%6 or "28”, indicated
by “+”, and their distributions are shown by a box representing

the 25-75 percentiles with a bar at the median and lines

representing the highest and lowest values. A significant “*6 or
*28”-dependent increase in total bilirubin levels was observed
(p = 0.0088, Jonckheere-Terpstra test).

Table 3
Severe toxicities observed in Japanese cancer patients

Treatment Diarrhea®ftotal (%) Neutropenia®/total (%)
Total patients 4/75 (5.3) 26/75 (34.7)
Irinotecan alone 1/49 (2.0) 6/49 (12.2)
With CDDP 2/15 (13.3) 11/15 (73.3)
With MMC 1/9 (11.1) 8/9 (88.9)
With 5-FU 0/2 (0.0) 1/2 (50.0)
P-value® NS <0.0001
® Grade 3.

P Grade 3 or 4.
€ Chi-squre test.

cant differences in neutropenia incidences were observed
among the regimens used, and considerably high inci-
dences were observed in the combination therapies.
Accordingly, association of the UGT1AI genotypes with
severe neutropenia was analyzed primarily in the patients
who received irinotecan-monotherapy.

3.4. Association of UGT1 Al genotypes with neutropenia

Since significant associations of UGT1A41°6 and *28
with increased total bilirubin levels (decreased UGT-
activity) were once again confirmed in this study, we
assessed the clinical relevance of these haplotypes, focus-
ing on the effect of "6 on severe neutropenia. In the 49



K. Sai et al. | Cancer Letters 261 (2008) 165-171 169

patients who received irinotecan monotherapy, ‘the inci-
dence of grade 3 or 4 neutropenia was ‘6-dependently
increased (p =0.012 in the chi-square test for trend).
Namely, incidences of severe neutropenia in the *6 hetero-
zygotes (6/°1,"6/°60, and “6/°28) and homozygotes
(*6/°6) were 2.3-fold and 15-fold higher, respectively, than
that seen in the non-‘6 bearing patients (*1/°1, *60/°1,
*28/"1, and *28/*60) (Table 4). In this study, no *28 hetero-
zygotes (*28/1 and *28/’60) experienced any severe neu-
tropenia, and there were no *28 homozygotes enrolled.
Therefore, the effect of “28 could not be determined.
For the *60-bearing patients without °6 or *28 (only het-
erozygote, ‘60/°1), one patient among six experienced
severe neutropenia, and no significant *60-dependent
increase was observed (data not shown). Although no sta-
tistically significant association of the *28 heterozygotes
with severe neutropenia was confirmed in this study, the
incidence of discontinuation of irinotecan monotherapy
was higher in the "28-bearing patients (91%, N = 11) than
that in the non-*28 subjects (79%, N = 38), while *60- or
*6-dependent increased discontinuation rates were not
found (data not shown). For the patients with cisplatin-
combination therapy, a higher incidence of severe neutro-
penia was observed in the °6-bearing patients (*6/°1,
*6/°60, and *6/°6) (100%, N = 3) than that in the non-*6
bearing subjects (*1/°1, *60/°1, *60/°60, and °“28/°1)
(66.7%, N = 12).

3.5. Multivariate analysis of neutropenia

In order to further clarify the clinical impact of *6 on iri-
notecan toxicities, multivariate logistic regression analysis
on grade 3 or 4 neutropenia was conducted using variables,
including UGT1A1 genotypes and patient background fac-
tors, described.in Section 2. The final model revealed a sig-
nificant association of "6 with the incidence of grade 3 or 4
neutropenia at an odds ratio of 5.87 (Table 5).

4. Discussion

The clinical application of the genetic test for
UGTI1A1"28 prior to irinotecan therapy has been

Table 4
Association of UGTIAI genotypes with severe neutropenia (grade 3
or 4) in irinotecan monotherapy

Diplotype” Neutropenia“/total (%) Effect of *6 (%)
o 1/20 (5.0) non-*6/non-"6 3.4)
*28/— 0/9 (0.0)
61— 3/16 (18.8) *6/non-"6 (22.2)
*61°28 1/2 (50.0)
‘61’6 1/2 (50.0) 616 (50.0)
P-value® 0.012

# Grade 3 or 4.

b «_” represents “*1 or *60”.

¢ Chi-square test for trend.

Table 5
Multivariate logistic regression analyasis of severe neutropenia (grade
3 or 4) in innotecan monotherapy

Variable Coefficient SE P-value Odds (95% Confidence
ratio  limit)

UGTIAI'6 1.77 0.809 00289 587 (1.37-39.6)
R?=0.157, Intercept = 3.15, N = 49.

in practice in the United States since 2005, which
was based on cumulative evidence supporting the
significant association of "28 with severe irinotecan
toxicity [9-13]. Most of the evidence was obtained
in Caucasian patients, where *28 is relatively fre-
quent (30-40%) [14]. Although additive effects of
another low activity allele, *6, which is specific for
East Asians, has been also suggested [9,15-17],
direct evidence in Japanese patients has remained
limited. In this study, we clearly showed the signifi-
cant correlation of "6 to grade 3 or 4 neutropenia in
Japanese cancer patients who received irinotecan
monotherapy. An increased incidence of severe neu-
tropenia was also observed in the ‘6-bearing
patients using cisplatin combination therapy. This
finding is in accordance with a report on Korean
lung cancer patients who received a combination
therapy of irinotecan and cisplatin, which showed
a significant association of ‘6 homozygotes with
grade 4 neutropenia [18]. Since combination thera-
pies using irinotecan may cause higher incidences
of severe toxicities, the UGTI1AI polymorphisms
should be carefully considered in regimens that
include irinotecan.

Since the alleles “6 and *28 are mutually indepen-
dent [15] and their effects on the UGT activities were
shown to be equivalent, the usefulness of the genetic
marker “*6 or *28” for personalized irinotecan ther-
apies has been suggested [17]. This was also sup-
ported in the current study, which showed a “*6
or *28”-dependent increase in serum total bilirubin
levels (Fig. 1). Because of the low frequency of *28
without homozygotes among our subjects, the influ-
ence of “28 on toxicities was not clearly demon-
strated, as in the case of the Korean patients
where the allele frequency of 141%6 (23.5%) was
much higher than that of 141°28 (7.3%) [18). How-
ever, in the current study, the double heterozygotes
of “6 and *28 ("6/°28) showed increases in serum
total bilirubin levels (Fig. 1). Moreover, a higher
incidence of severe neutropenia in the *6/°28
patients was observed, although the patient number
was small (N = 2) (Table 4). This finding also indi-
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cates the importance of ““*6 or *28” in severe neutro-
penia, and in fact, a gene-dose effect of “°6 or *28”
(p = 0.04 in the chi-square test for trend) and its sig-
nificant contribution in multivariate analysis
(p = 0.0326) were also confirmed (data not shown).

For the "60 haplotype (-3279T>G without -40_
-39insTA), no association of “60 with severe neutro-
penia was observed in this study, which coincides
with reports of other studies on Japanese cancer
patients [17,23]. As for the ™27 allele
[686C>A(P229Q)] , it was linked with the 28 allele
and the haplotype was defined as the 28 sub-
type,”28¢ [15]. One *28c-heterozygous patient with
irinotecan monotherapy showed no severe neutro-
penia, suggesting a small contribution of the *27
allele (data not shown).

In this study, the association between UGTIAI
genotypes and antitumor activity was difficult to
evaluate because of the small number of subjects
stratified into each tumor type. Further clinical
studies are needed to establish methods for selec-
tion of the appropriate regimen or dosage based
on the UGTIAI genotypes, where a balance
between toxicity and antitumor effect should be
considered.

In conclusion, this study demonstrated the signif-
icant association of UGTIA41%6 with severe irinotec-
an-mediated neutropenia. The current data also
supported the usefulness of the genetic marker “*6
or “28” for personalized irinotecan therapy in Japa-
nese, and likely East Asian, patients.
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Abstract

Background and purpose  Cytochrome P450 3A4 (CYP3A4)
converts an anticancer prodrug, irinotecan, to inactive
metabolites such as APC. However, the contribution of
CYP3A4 genetic polymorphisms to irinotecan pharmacoki-
netics (PK) and pharmacodynamics (PD)-is not fully eluci-
dated. In paclitaxel-administered cancer patients, an
association of CYP3A4*16B harboring the low activity
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allele *16 [554C > G (Thr185Ser)] has been shown with
altered metabolite/paclitaxel area under the plasma concentra-

tion—time curve (AUC) ratios, suggesting a:possible impact of

*]6B on the PK of other drugs. In this study, the effects of
CYP3A4 haplotypes including *16B on irinotecan PK/PD were

investigated in irinotecan-administered patients.

Methods The CYP3A4 genotypes for 177 Japanese cancer

‘patients who received irinotecan were defined in terms of
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4 major haplotypes, i.e., ¥*IA (wild type), *I1G (IVS10+

12G > A), *16B [554C > G (Thr185Ser) and IVS10 + 12G
>A), and *18B [878T>C (Leu293Pro) and IVS10+
12G > Al. Associations of CYP3A4 genotypes with irino-
tecan PK and severe toxicities (grade 3 diarrhea and grade 3
or 4 neutropenia) were investigated.

Results  Area under the concentration-time curve ratios of
APClirinotecan, an in vivo parameter for CYP3A4 activity,
were significantly higher in females than in males. The
male patients with *J6B showed significantly decreased
AUC ratios (APC/irinotecan) with 50% of the median value
of the non-*16B male patients (no */6B-bearing female
patients in this study), whereas no significant alteration in
the AUC ratios was observed in the patients with *18B. A
slight trend toward increasing AUC ratios (20%) was
detected in both male and female patients bearing *1G.
Multivariate  analysis confirmed contributions of
CYP3A4*16B (coefficient + SE = —0.18 £ 0.077, P =0.021)
and *IG (0.047 £0.021, P=0.029) to the AUC ratio.
However, no significant association was observed between
the CYP3A4 genotypes and total clearance of irinotecan or
toxicities (severe diarrhea and neutropenia).

Conclusion This study suggested that CYP3A4*16B was
associated with decreased metabolism of irinotecan to
APC. However, the clinical impact of CYP3A4 genotypes
on total clearance and irinotecan -toxicities was not
significant.

Keywords CYP3A4 - Haplotype - Irinotecan -
Pharmacogenetics .

Introduction

Human cytochrome P450 3A4 (CYP3A4) is a major CYP
enzyme, abundant in the liver and intestine, and is.involved
in the metabolism of endogenous substances, including ste-
roid hormones, and a variety of exogenous compounds such
as environmental chemicals and pharmaceuticals. Large
inter-individual differences in liver and intestinal CYP3A4
expression levels are known and thought to be caused by
multiple factors including genetic variations, disease status,
and modulation by exogenous stimuli, such as smoking,
diet, and drugs [5, 18, 31]. The tissue-specific CYP3A4
expression is regulated by constitutive and inducible mech-
anisms via activation of the nuclear receptors, pregnane X
receptor (PXR), constitutive androstane receptor (CAR),
and vitamin D receptor (VDR) [5, !8]. Since approximately
half of clinical drugs currently in use are metabolized by
CYP3AA4 [5, 33], it is important to find suitable biomarkers,
including genetic polymorphisms, which can reflect in vivo
CYP3A4 activity and predict individual responses to
CYP3A4-metabolized drugs. Recent progress in pharmaco-
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genetic research has led to the accumulation of knowledge
about CYP3A4 genetic variations responsible for altered
expression or function. To date, more than 30 CYP344
variations have been identified (http://www cypalleles ki.
se/cyp3a4.htm), and large ethnic differences in their fre-
quencies have been recognized. CYP3A4*1B (—392A > G),
a single nucleotide polymorphism (SNP) in the 5'-flanking
region, is found in Caucasians (2-9.6%) and African— .
Americans (35-67%), but not in Asians [16]. As relatively
frequent coding SNPs, *2 [664T > C (Ser222Pro)] (2.7%)
and *17 [566T > C (Phel89Ser)] (2%) were detected in
Caucasians; *10 520G > C (Asp174His)] in Caucasians
(0.24-2%) and Mexicans (5%); *15 [485G > A (Argl62
Gln)] (2-4%) in African—~Americans; *I16 [554C>G
(Thr185Ser)] in East Asians (1.4-5%) and Mexicans (5%);
*]8 [878T > C (Leu293Pro)] (2.3-10%) in East Asians
[2, 4, 17, 24]. We previously identified 25 CYP3A4 haplo-
types in a Japanese population [4]. The haplotypes *6
[including 830_831linsA (Glu277fsX8)] (0.1%), *I11
[including 1088C > T (Thr363Met)] (0.2%), *16B [includ-
ing 554C > G (Thr185Ser)] (1.4%), and *18B [including
878T > C (Leu293Pro)] (2.8%) were identified, but *IB
(—392A > G) was not found. These findings indicate that
ethnic-specific CYP3A4 haplotypes must be taken into
consideration in pharmacogenetic studies.

Irinotecan, an anticancer prodrug, is used for treatment
of various cancers including lung and colon, and metabo-
lized by CYP3A4 to produce inactive compounds such as
APC (a major CYP3A4-mediated product) and NPC (a
minor product) {6, 7). An active metabolite SN-38 (a topoi-
somerase 1 inhibitor) is produced from the parent com-
pound by carboxylesterases -(CES) [28] and subsequently
glucuronidated by UDP-glucuronosyltransferase 1As
(UGT1As) 1o form inactive compound SN-38G [12]
(Fig. 1). The parent compound and its metabolites are
mainly excreted into the bile [29], where several ABC
transporters, such as P-glycoprotein (P-gp), breast cancer
resistance protein (BCRP), and multidrug resistance-associ-
ated protein 2 (MRP2) are involved in excretion [30]. The
dose-limiting toxicities of irinotecan are severe diarrhea
and neutropenia, and high plasma concentrations of SN-38
and/or its accumulation in tissues are thought to cause these
toxicities [3, 30]. Recent extensive pharmacogenetic stud-
ies on irinotecan, mostly focusing on the UGTIAl geno-
types, have revealed important roles for UGTIAI1*28 and
*6 in reduced in vivo UGT activity and enhanced toxicities
[1, 8,9, 11, 13, 22, 26]. On the other hand, CYP3A4 can
modulate irinotecan pharmacokinetics (PK). Co-adminis-
tration of ketoconazole, a CYP3A4 inhibitor and also a
potent UGT1A1 inhibitor [34], with irinotecan resulted in a
decreased value of the area under the concentration—time
curve (AUC) for APC and also increased AUC for SN-38
[14]; and vice versa, co-administration of St. John’s Wort,
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a CYP3A4 inducer, decreased the AUC of SN-38 [19]. A
close association was also reported between in vivo
CYP3A4 phenotypes and irinotecan clearance [21]. To
date, however, no clinical impact by CYP3A4 polymor-
phisms, such as *IB (—392A >G) and *3 [1334T>C
(Met445Thr)}, has been demonstrated on irinotecan PK in
Caucasians [20]. We previously found that *16 [554C > G
(Thr185Ser)] caused decreased in vitro CYP3A4 activities
[23]. Furthermore, a significant assoctation of */6B [har-
boring 554C > G (Thr185Ser)] was demonstrated with
decreased AUC ratios of metabolite/paclitaxel, an in vive
parameter of CYP3A4 activity, in paclitaxel-administered
Japanese patients [24].

In this study, to determine the clinical impact of the
CYP3A4 polymorphisms on irinotecan therapy, we identi-
fied the CYP3A4 diplotypes of 177 Japanese cancer patients
who received irinotecan and analyzed associations of the
CYP3A4 genotypes with irinotecan PK and toxicities.

Materials and methods
Patients and irinotecan treatment

One hundred seventy-seven patients with cancers who
started irinotecan-containing therapy from 2002 to 2004 at
two National Cancer Center Hospitals (Tokyo and Kashiwa,
Japan) were enrolied for this pharmacogenetic study on iri-
notecan. This study was approved by the ethics committees
of the National Cancer Center and the National Institute of
Health Sciences, and written informed consent was obtained
from all participants. No participant received irinotecan
previously, and other eligibility criteria included: bilirubin
< 2 mg/dl, aspartate aminotransferase (GOT) < 105 IU/,

w”)

UGT1As

SN-38G (inactive)

APC (inactive)

alanine aminotransferase (GPT) < 120 1U/], creatinine <
1.5 mg/dl, white blood cell count > 3000/ul, performance
status of 0-2, and an interval of at least 4 weeks after the
1ast session of chemotherapy (2 weeks after the last session
of radiotherapy). Exclusion criteria were diarrhea, active
infection, intestinal paralysis or obstruction, and interstitial
pneumonitis. Irinotecan was administered as a single agent
or in combination chemotherapy at the discretion of attend-
ing physicians. Doses and schedules were applied accord- -
ing to the approved treatment recommendations in Japan:
intravenous 90-min infusion at a dose of 100 mg/m? weekly
or 150 mg/m? biweekly for irinotecan-monotherapy, and
60 mg/m? weekly for combination therapy with cisplatin.
Profiles of the patients and irinotecan regimens are summa-
rized .in Table 1.

Genotyping of UGTIAI and CYP3A4

DNA was extracted from pretreatment whole-blood samples
taken from 177 patients who received irinotecan. Data on
UGTI1AI genetic polymorphisms obtained from the same set
of DNA samples have been published elsewhere [22]. The
CYP3A4 genotypes for 88 patients were previously
determined [4]. Additional CYP3A4 genotyping for the
remaining 89 patients was conducted using the pyrose-
quencing method described previously [24], and the
CYP3A4 diplotypes/haplotypes [4] were inferred using an
expectation-maximization-based program, LDSUPPORT
[15].

Pharmacokinetics and toxicities

Pharmacokinetic analysis for irinotecan in 176 patients
(data on one patient was unavailable) was performed as

@_ Springer
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Table 1 Profiles of Japanese cancer patients in this study

No. of patients

Patients for genotyping

(Male/female)
Age
Mean/range 60.5/26-78
Performance status 0/1/2
Combination therapy, tumor type
and initial dose of irinotecan®
Irinotecan monotherapy Lung
Colon
Others
With platinum-containing drug® Lung
Stomach
Others
With 5-fluorouracil (5-FU)/leucovorin Colon
(LV)° or tegafur/gimeracil/oteracil potassium? Others
With mitomycin C (MMC)*® Stomach
Colon
With amrubicin’ ‘Lung

177
(135/42)
84/89/4
100 (60-100)/w 21
150 (120-150)/2w 28
100 (100-150)/w 7
60 (50-90)/w 58
7012w 9
60/w 5
100 (90-180)/w or 1502w 34
90/w or 100/w 2
15072w 10
15072w
60/w 2

* The median value and range in the parentheses are shown. “/w” and “/2w" represent weekly and biweekly, respectively

® Mostly, cisplatin (60 or 80 mg/m?) was administered after irinotecan treatment

¢ LV (10 mg/m?) was administered right after irinotecan treatment and then followed by 5-FU treatment. (500 mg/m? injection); or LV (200 mg/
m?) was administered simultaneously with irinotecan and followed by 5-FU treatment (400 mg/m? bolus injection and 2.0-2.4 g/m? infusion)

9 Tegafur (80 mg/m? per day)/gimeracil/oteracil potassium was administered twice (before irinotecan treatment and on the next day)

¢ MMC (5 mg/m?) was administered just before irinotecan treatment

f Amrubicin (30 or 35 mg/m?) was administered 24 h after irinotecan treatment

previously described [26). Briefly, heparinized blood was
collected before administration of irinotecan, and 0, 0.3, 1,
2, 4, 8, and 24 h after termination of the first infusion of iri-
notecan. Plasma concentrations of irinotecan and APC were
determined by HPLC [25], and AUC,; and other PK
parameters were calculated using the trapezoidal method of
the 202 non-compartmental model for a constant infusion
in WinNonlin ver. 4.01 (Pharsight Corporation, Mountain
View, CA, USA). As for the co-administered anti-cancer
and other drugs which were administered within 1 week
before irinotecan-treatment, no drugs significantly affected
the PK parameters related to CYP3A4 activity. Information
on foods and drinks taken by the patients which might
induce or inhibit CYP3A4 activity was not available.

A complete medical history and data on physical exam-
inations were recorded prior to irinotecan therapy. Com-
plete blood cell counts with differentials and platelet counts,
as well as blood chemistry, were measured once a week
during the first 2 months of irinotecan treatment. Toxicities
were graded according to the Common Toxicity Criteria of
National Cancer Institute version 2. Association of genetic
factors with irinotecan toxicities was analyzed primarily in
patients who received irinotecan as a single agent.

@ Springer

Statistical analysis

‘Statistical analysis on the differences in PK parameters

between sexes and among CYP3A4 genotypes was per-
formed using the Mann—Whitney test or Kruskal-Wallis
test, and associations of CYP3A4 genotypes with the irino-
tecan toxicities were assessed by the Chi-square test, using
Prism version 4.0 (GraphPad Prism Software Inc. San
Diego, CA, USA). P=0.05 (two-tailed) was set as a sig-
nificant level of difference. Multivariate analysis for the
log-transformed AUC ratio (APC/irinotecan) was per-
formed using age, sex, body surface area, dosage of irino-
tecan, history of smoking or drinking, performance status,
co-administered drugs, serum biochemistry parameters at
baseline, and genetic factors (including CYP3A4 haplotypes
and the UGTIA1*6 or *28 haplotype obtained in our previ-
ous study [22]) as independent variables. Multivariate anal-
ysis on toxicities (grade 3 diarrhea or nadir of absolute
neutrophil counts) was conducted for the patients who
received irinotecan monotherapy, where the variables
included dosing interval and the absolute neutrophil count
at baseline, in addition to the other patient background and
genetic factors described above. The variables in the final
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models for both AUC ratio and toxicities were chosen by
the forward and backward stepwise procedure at the signifi-
cance level of 0.1 using JMP version 6.0.0 software (SAS
Institute, Inc., Cary, NC, USA).

Results
Sex difference in PK parameters

Since hepatic CYP3A4 levels were reported to be signifi-
cantly higher in females than in males [24, 32], we first ana-
-lyzed the sex differences in the major PK parameters for
irinotecan and APC, a major CYP3A4 metabolite (Table 2).
As for irinotecan, lower total clearance and MRT, and
higher AUC/dose were observed in females, but the differ-
ences (3, 5 and 3%, respectively) were not significant. A
small but significant increase in C,,,/dose for irinotecan
was observed in females. This is attributable to the smaller
distribution volume of females. On the other hand, the
median values of AUC/dose and C,, /dose for APC of the
females were significantly higher than those of the males
(1.29- and 1.33-fold, respectively). The AUC ratio (APC/
irinotecan), a parameter of in vivo CYP3A4 activity, was
significantly higher (1.28-fold) in females than in males.
These findings suggest that these differences may reflect the
higher CYP3A4 activity in the females.

CYP3A4 genotypes

CYP3A4 diplotypes/haplotypes in 177 Japanese cancer
patients were determined according to the previous defini-
tion [4]. The CYP3A4 haplotypes found in this population
were *1A (wild type), *1G (IVS10 + 12G > A alone), *16B
[554C > G (Thr185Ser) and IVS10 + 12G > A], and *18B
[878T > C (Leu293Pro) and IVS10 + 12G > A]. In the cur-
rent study, neither *6 [830_831insA (Glu277fsX8)] nor *11
[1088C > T (Thr363Met)] were found. The frequencies of
*]G, *I16B, and *18B were 0.215, 0.014, and 0.020

(Table 3), and they were comparable to those obtained in
previous reports {4, 24]. Note that the haplotypes * /6B and
*]8B were detected only in male patients.

Associations of CYP3A4 genotypes with PK parameters

Considering the significant sex difference in APC levels,
associations between the CYP3A4 genotypes and PK
parameters were analyzed for each sex separately. In male
patients, no significant differences among the CYP3A4
genotypes were observed for total clearance and MRT of
irinotecan (Fig. 2a, b). In females, a slightly but signifi-
cantly lower (10%) median value for MRT of irinotecan
was observed in patients bearing * /G compared with those
carrying the wild type (*1A/*1A) (P = 0.022, Mann-Whit-
ney test) (Fig. 2b), whereas no significant * ] G-dependency
was observed for total clearance (Fig. 2a). No significant

Table 3 Frequencies of CYP3A4 haplotypes (A) and diplotypes (B)
for Japanese cancer patients in this study

(A) Haplotype No. of chromosomes Frequency
group® (N=354)
*JA 266 0.751
*1G 76 0.215
*16B 5 0.014
*18B 0.020
(B) Diplotype No. of patients Frequency
(N=177)
*JA*]A 100 0.565
*1GI*1A 55 0.311
*1GI*1G 10 0.056
*]6B/*]A 4 0.023
*]16B/*1G 1 0.006
*]8BI*]A 7 0.040

* Groups based ontagging SNPs of major haplotypes previously defi-
ned [4]; *IA wild type, *I1G 1VS10+12G > A; *16B 554C>G
(Thr185Ser) and IVS10 + 12G > A; *18B 878T > C (Leu293Pro) and
IVS10+12G> A

Table 2 Pharmacokinetic

parameters for irinotecan. Parameters Male (N = 134) Female (N = 42) P value®
administered Japanese patients Median (25-75%0) Median (25-75%o)
and sex differences
Irinotecan
Total CL (Vh per m?) 1 22.6(18.5-26.9) 21.8(17.8-25.1) 0.242
AUC/dose (107> h m® per 1) 44.4 (37.3-54.1) 45.8 (39.8-55.8) 0.242
C,a./dose (1073 m? per I) 10.0 (8.96-11.3) 11.4 (10.4-12.4) 0.0003
MRT (h) 6.61 (6.01-7.40) 6.29 (5.78-7.12) 0.202
APC
AUC/dose (10 h m? per 1) 6.72 (5.23-9.49) 8.66 (6.57-13.1) 0.0071
r‘;’;iglee“ac':‘:f;‘e’”” mean C,,,/dose (10-> m? per 1) 0.560 (0.430-0.805) 0.745 (0.610-1.14) 0.0007
AUC ratio (APC/irinotecan) 0.151 (0.114-0.210) 0.194 (0.132-0.266) 0.0179

? Mann-Whitney test

@ Springer
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<« Fig. 2 Association of CYP3A4 genotypes with irinotecan pharmaco-

kinetics in Japanese cancer patients. The values of mean residence time
(MRT) of irinotecan in female patients were significantly lower in
those with */G than those with the wild-type (*JA/*1A) (P = 0.0222,
Mann-Whitney test). The levels of the AUC ratio (APC/irinotecan), a
parameter of CYP3A4 activity, in male patients were significantly low-
er in those with *16B than those without *16B (P = 0.0261, Mann—
Whitney test)

differences in C,,,/dose for irinotecan among the geno-
types were observed in both males and females (data not
shown). Regarding the AUC ratio (APC/irinotecan) in
males, a significantly lower median value (50%) was
observed in patients with *16B than patients without *16B
(i.e., non-*]6B patients) (P = 0.0261, Mann—Whitney test)
(Fig. 2¢). In contrast, no significant changes in the AUC
ratio (APClirinotecan) were detected in the male */8B het-
erozygotes. In both males and females, a higher median
AUC ratio (20%), without statistical significance, was
observed in *]G-bearing patients (*/G/*1A and *1G/*1G)
than ‘wild-type patients (*IA/*]A). As for C,,/dose of
APC, similar trends were observed (without statistical sig-
nificance): 35% decrease in the median value for *16B
compared with non-*16B; 10 and 20% increases in males
and females, respectively, for *]G compared with the wild
type (data not shown).

Multivariate analysis of PK parameters

To further clarify contributions of the CYP3A4 polymor-
phisms to APC generation, multivariate analysis was con-
ducted on the AUC ratio (APCl/irinotecan) data, where
variables included patient backgrounds, irinotecan regi-
mens, and CYP3A4 (*1G, *16B and *18B) and UGTIAI
(*6 or *28) haplotypes. Significant contributions of
CYP3A4*16B (coefficient + SE = —0.18 == 0.077, P=0.021)
and *1G (0.047 £+ 0.021, P=0.029) to the AUC ratio
(APCl/irinotecan) were confirmed, in addition to the contri-
butions of two patient background factors, sex (female) and
hepatic function (serum GOT and ALP) (Table 4). No sig-
nificant -associations were observed between the CYP3A4
polymorphisms and total clearance or MRT of irinotecan
(data not shown).

Associations of CYP3A4 genotypes with toxicities

Severe irinotecan toxicities, grade 3 diarrhea and grade 3 or
4 neutropenia, were monitored in 176 patients during
2 months after starting irinotecan therapy. Since incidences
of severe toxicities depended on the irinotecan regimens
used and a higher incidence of severe neutropenia with co-
medication was evident [22], associations of the CYP3A4
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Table 4 Multivariate analyasis of AUC ratio (APC/irinotecan)

Variable Coefficient SE P value

Female 0.040 0.016 0.0132
Serum GOT and ALP* 0.110 0.021 <0.0001
Serum creatinine® 0.132 0.071 0.0651
CYP3A4*16B —0.180 0.077 0.0213
CYP3A4*1G 0.047 0.021 0.0291

The values after logarithmic conversion were used
R?0.225; Intercept ~0.794; N 176

® Grade 1 or greater scores in both serum GOT and ALP before
irinotecan treatment

b The absolute value (mg/dl) before irinotecan treatment

haplotypes with toxicities were evaluated in patients who
received irinotecan monotherapy. Because there was no sex
difference in the incidences of severe toxicities, the patients
with irinotecan monotherapy were not stratified by sex.
Furthermore, significant contributions of UGTIAI1*6 and
*28 to neutropenia were previously demonstrated [22].
Therefore, the incidence of severe neutropenia was also
evaluated among the wild-type patients without UGTIA]*6
or *28 (UGT —/-). No significant differences in the inci-
dences of severe diarrhea and neutropenia were observed
among the CYP3A4 diplotypes of all or UGT —/— patients
with irinotecan monotherapy (Table 5). It must be noted
that the */6B-bearing patient (N=1) treated with irino-
tecan monotherapy did not experience either toxicity. Simi-
larly, for *1G and *18B, no statistically significant change
in the neutropenia or diarrhea incidence was observed.
Multivariate analysis also revealed no significant contribu-
tion of the CYP3A4 polymorphisms to severe diarrheca
(logistic model) or absolute neutrophil count nadir (data not
shown).

Table 5 Association of CYP3A4 genotypes with severe toxicities in
irinotecan monotherapy

Diplotype Diarrhea®/total (%) Neutropenia®/total (%)

All All UGT-/-¢
*JA* 1A 3/27 (11.1) 5/27 (18.5) 2/11(18.2)
*]GI*1A 2/20(10.0) 5120 (25.0) 1/9(11.1)
*1GI*1G 0/3 (0.0) 2/3 (66.7) 0/0 (-)
*]6B/*1A 0/1 (0.0) 0/1 (0.0) 0/0 (=)
*]18B/*1A 1/4 (25.0) 2/4 (50.0) 0/1 (0.0)
P value! 0.8571 0.289
? Grade 3

® Grade 3 or 4
¢ Wild type without UGTIAI *6 or *28°
4 Chi-square test

Discussion

In the current study, the higher in vivo CYP3A4 activity in
females than in males [24, 32] was suggested from the
CYP3A4-mediated APC formation. Since correlations
between in vivo CYP3A4 activity and irinotecan PK
parameters have been reported [14, 19, 21], clinical impact
of CYP3A4 polymorphisms on irinotecan PK has been pre-
sumed. In this study, we demonstrated for the first time a
role of CYP3A4*16B [554C>G (Thri85Ser) and
IVS10+12G > A] in reduced APC generation (Fig.2;
Table 4). This finding is concordant with the findings of our
previous studies showing a reduced in vitro activity of
CYP3A4 by *16 [23] and altered AUC ratios of metabolite/
paclitaxel in paclitaxel-administered Japanese patients
bearing */6B [24]. These findings indicate that CYP3A4*]16
could modulate pharmacokinetics of other drugs which are

‘metabolized by CYP3A4. On the contrary, */8B [878T > C

(Leu293Pro) and IVS10 + 12G > A] did not alter the AUC
ratios (APCl/irinotecan) in irinotecan-administered patients.
This also coincides with our previous finding that showed
no clinical impact of */8B on the metabolite/paclitaxel
AUC ratio [24].

In the current study, an increasing trend in the AUC

ratios (APC/irinotecan) by *1G (IVS10 + 12G > A) was

detected in both males and females, although their increases
were small (20% in the median values). In accordance with
this tendency, significant reduction in MRT of irinotecan by
* ]G was observed in females, whereas this was not signifi-
cant in males. At present, the reason of this sex-difference
in MRT is not clear. Our previous haplotype analysis of the
CYP3A4 and CYP3AS5 regions revealed that CYP3A4*1G is
mostly linked to CYP3A5*] but rarely to CYP3A5*3 [3]
which is a defective allele [10, 16, 17, 33). Therefore, there
is a possibility that CYP3AS5 polymorphisms rather than
CYP3A4*1G contribute to drinotecan PK. However, this
speculation is unlikely because CYP3AS produces only a
very minor metabolite of irinotecan, a de-ethylated product
[27]. Since the effect of *1G was relatively small and was
not shown in case of paclitaxel [23], the clinical importance
of *1G should be further evaluated in pharmacogenetic
studies on other drugs.

Contrary to the clear reduction in APC production,
changes in the PK parameters for the parent compound, i.c.,
total clearance and Cmax of irinotecan, were not affected by
the CYP3A4 haplotypes. Furthermore, multivariate analysis
revealed no associations of the CYP3A4 haplotypes with
the AUC ratio of (SN-38 + SN-38G)/irinotecan, an in vivo
parameter for CES activity, and with the AUC ratio of
SN-38 (SN-38/irinotecan) (data not shown). We previously
observed that the total clearance of irinotecan was affected
by other non-genetic factors, such as age, smoking,
hepatic and renal functions, and co-administered drugs

@ Springer



Cancer Chemother Pharmacol

(unpublished data), and that the plasma level of SN-38 was
largely influenced by UGTIA1*6 and *28 [22]. Therefore,
it is likely that the contribution of CYP3A4 to irinotecan
clearance is rather small as compared with other genetic
and non-genetic factors. ’

In accordance with the above observations, no signifi-
cant associations were observed between the CYP3A4 hapl-
otypes and severe toxicities (grade 3 diarrhea and grade 3
or 4 neutropenia) in the patients with irinotecan mono-
therapy (Table 5). Similarly, we observed no significant
effect of the CYP3A4 haplotypes on incidence of the severe
toxicities in the patients treated with both irinotecan and
cisplatin (data not shown), although the numbers of patients
bearing *16B and *18B were small. Taken together, the
current study indicates that the influence of the CYP3A4
genotypes on the activation pathway of irinotecan (genera-
tion of SN-38) might be small.

In conclusion, the current study suggested that
CYP3A4*]16B was associated with decreased metabolism of
irinotecan to APC. However, impact of the CYP3A4 haplo-
types on total clearance of irinotecan and severe toxicities
was not significant.
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Hypofractionated Stereotactic Radiotherapy (HypoFXSRT)
for Stage | Non-small Cell Lung Cancer: Updated Results of
257 Patients in a Japanese Multi-institutional Study
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Introduction: Hypofractionated stereotactic radiotherapy (HypoFXSRT)
has recently been used for the treatment of small lung tumors. We retro-
spectively analyzed the treatment outcome of HypoFXSRT for stage 1
non-small cell lung cancer (NSCLC) treated in a Japanese multi-institu-
tional study.

Methods: This is a retrospective study to review 257 patients with
stage I NSCLC (median age, 74 years: 164 TINOMO, 93 T2NOMOQ)
were treated with HypoFXSRT alone at 14 institutions. Stereotactic
three-dimensional treatment was performed using noncoplanar dy-
namic arcs or multiple static ports. A total dose of 18 to 75 Gy at the
isocenter was administered in one to 22 fractions. The median
calculated biological effective dose (BED) was 111 Gy (range,
57-180 Gy) based on a/f8 = 10.

Results: During follow-up (median, 38 months), pulmonary com-
plications of above grade 2 arose in 14 patients (5.4%). Local
progression occurred in 36 patients (14.0%), and the local recur-
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rence rate was 8.4% for a BED of 100 Gy or more compared with
42.9% for less than 100 Gy (p < 0.001). The 5-year overall survival
rate of medically operable patients was 70.8% among those treated
with a BED of 100 Gy or more compared with 30.2% among those
treated with less than 100 Gy (p < 0.05).

Conclusions: Although this is a retrospective study, HypoFXSRT
with a BED of less than 180 Gy was almost safe for stage | NSCLC,
and the local control and overall survival rates in.5 years with a BED
of 100 Gy or more were superior to the reported results for
conventional radiotherapy. For all treatment methods and schedules,
the local control and survival rates were better with a BED of 100
Gy or more compared with less than 100 Gy. HypoFXSRT is
feasible for curative treatment of patients with stage | NSCLC.

Key Words: Stereotactic radiotherapy, Non-small cell lung cancer,
Stage 1, Hypofractionated.

(J Thorac Oncol. 2007;2: Suppl 3, S94-S100)

n Japan, due to the routine use of computed tomography

(CT), detection of early-stage lung cancer is increasing. For
patients with stage I (T1 or 2, NO, M0) non-small cell lung
cancer (NSCLC), full lobar or greater surgical resection and
regional lymphadenectomy is the standard treatment choice;
the local control rates exceed 80% and the overall 5-year
survival rates surpass 50%.! However, surgical resection is
often not feasible or involves a high risk for lung cancer
patients with tobacco-related pulmonary illnesses, severe car-
diovascular disease, or other medical conditions. Moreover, a
small proportion of the patients who are fit for surgery may
refuse it for personal reasons.

Radiotherapy (RT) can offer a therapeutic alternative in
these cases, but the outcome with conventional RT 1s unsat-
1sfactory.? The reason for the poor survival with conventional
RT 1s thought to be that the dose of conventional RT is too
low to control the local tumor. To give a higher dose to the
tumor without increasing the adverse effects, hypofraction-
ated high-dose stereotactic RT (HypoFXSRT) has recently
been used to treat small cell lung tumors, particularly in
Japan.3-¢ Although the optimal treatment technique and
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