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version 2.0, Changes in physical and laboratory lindings woere
assessed nt least every 2 weeks.

Serum Sample Collection and DNA Extraction

Blood samples from patients were collected belore and
14 days afier the inftiation of gefitinib administration. Scpa-
raled serum was stocked at 80°C il nse, DNA extraction
from the serum samples was performed using a nonorganic
methad (Oncor, Gaithersburg, MID). Serum DNA was puri-
ficd using Qiamp Blood Kit {Qiagen. Tlilden, Germany). with
the following protfocal modifications. One column was used
repeatedly mntil the whole sample had been processed. The
extracied DNA was stocked at 20°C until use.

Tissue Sample Collection and DNA Extraction
Tumor specimens were olMained on protocols approved

by the institutional review board. Twenty paralfin blocks of

tumor malerial, obtained from [5 patients [or diagnosis be-
fore treatment, were collected retrospectively. Eleven tumor

samples were collected from privnary cancer by means of
p 1 Y

transbronchial lung biopsy, vne was resected by operation,
and nine were from metastatic gites (four from bone, three
from lymph nodes, one from the brain. and one from the
colon), All specimens underwent histologic examination o
confirm (he diagnosis of NSCLC. DNA extraction [rom
tumor samples was performed using the TaKaRa DEXPAT
kit (TaKaRa Biomedicals. Shiga. Iapan).

PCR Amplification

PCR was performed in 25-pu1 volumes using 15 pul of

template DNA, 0.75 units of Ampli Tag Gold DNA polymer-
ase (Perkin-Elmer, Roche Molecular Systems, Inc., Branch-

burp, NI, 2.5 pul of PCR buffer, 0.8 mM dNTP, 0.5 uM of

cach primer, and different concentrations of MgCl,. depend-
ing on the polymorphic marker. A set ol designed primers
was used lo amplily exon 19 of EGFR (upper primer, 5'-
CAGCCCCCAGCAATATCAGCCTTAGUT-3 . lower
primer, 5'- CACTAGAGUTAGAAAGGGAAAGACATA-
3"). Thirty cyeles of amplification were performed using a
thermal eycler (Perkin-Elmer, Foster City, CA) (95°C for 45
seconds, 55.57C for 30 seconds, 72°C for 30 seconds, fol-
fowed by incubation at 72°C for 10 minutes). The bands were
visualized using a 2100 bioanalyzer, DNA 500 Labehip kit
{Aglient Technologies, Waldbronn, Germany). I no PCR
products were detected by the first PCR, an additional 20
cycles of PCR was carried oul and the sample was revisual-
ized. To confirm the deletional mutation in exon 19, and (o
deteet the mutation in exons 18 and 21 o FGIR, PCR was
performed again using another primer setl as deseribed pre-
viously. 1

Sequencing

Amplification and scquencing were performed in du-
plicate for cach sample using an AR prism 310 (Applicd
Biosystems). The sequences were compared with the Gen-
Bank-archived human sequenve Tor FGRR (accession no
AYSER240),

Trial Design and Statistical Methods

The trial was o two-stage multicenter phase 11 study.
The primary endpoint was response rate, and secondary
endpoints were discase control rate, safety, TTP, and O8. As
a correlative study, FGFR nutations in tmor and serum
samples were analyzed. The protocol and consent form were
approved by the institutiona review hoard of each participat-
ing haspital. Initially, 15 patients were recruited w the study.
17 one of these patients responded o treatment with gefitinib
monotherapy, an additional 10 patients were recruited, I five
or more of these 25 patients responded o therapy, treatment
with gefitinib was concluded 1o be effective. According o
Simon’s minimax design.*' our study. with a sample size of
25, had an &% power to support the hypothesis that the true
objective response rate was greater than 30% and a 5%
significance 1o deny the hypothesis that the e objective
response rate was less than 10%. Assuming a nonevaluability
rate ol less than 20, we projected an accrual of 30 patients.
In analysis of EGFR mutation in serum samples, the categor-
jcal variables were compared using the Fisher’s exact test. A
value of p < {1.05 was considered significant, The statistica)
analyses were performed using the StatView sofiware pack-
age, version 5.0 (SAS Institute, Inc., Cary, NC).

RESULTS

Patients

From Qctober of 2002 10 August of 2003, 30 patients
were enrolled into the study. Patient characteristics are sum-
marized i Table 1. The most common histologic sublype
was adenocarcinoma (25 patients [83.3%]). Three patients
had undergone surgery and three had recetved radiotherapy to
bone or brain metastases. Pwenty patients were curreni or
previons smokers, Twenty-six patients (86.7%) had good P§
{0 1) and R6.7% ol enrolled patiems had stage 1V disease. A
total of 43 sites of melastatic lesions in 26 patients were
diagnosed. Thirleen of the 26 patients had more than one
metastatic lesion, All four patients with stage HIb disease had
pleural effusion and were ineligible for radiotherapy.

Efficacy

All patients were assessable [or tumor response (Table
2. Complete respuonse was not observed. Ten  patients
achicved PR, nine had SD as their best response, and [
patients had progressive discase (PD). The objective response
rate was 33.3% (95% confidence interval, 16.2 49.8%) and
the disease control rate was 63.3% {(95% confidence interval.
46.0  80.53%). All responders had adenocarcinoma. Of the
responders, four were male patients and six were [emale
paticnts. None of the prognostic factors such as gender (male
versus [emale). PS (0 1 versus 2), smoking (never-smoker
versits xmoker). histology (adenocarcinoma versus nonade-
nocarcinoma), clinical stage (11 versas 1Y), and prior treat-
nenl {yes versus o) was stanilicantly associated with tumor
responses (Table 2). Disease control was observed in 19
paticnts {(cight men and TD women), A significantly higher
disease control rate was observed in female patients (p =
0018 and nonsmokers (p = 0.049) The other factors did no
alfect the discase control rate (Table 2)
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TABLE 1. Patient Characteristics
Characteristic Value
No ool patients 30
Age (yr)
Mudian o4
Runge 44 87
Gender
Male 18
Female 12
1 istology
Adenacarcinom: 25
Sqyuamous-cefl carcinoma 3
[Large-cell carvinoma 2
Slage
i 4
v 26
Muetaglalic siles
Pulmonary 16
Bone 12
Brain 11
Others 4
LCOG performitnes stalus
0 Pt
; 6
2 4
Prior freatment
Yes O
Operation 6
Radialion 3
No 24
Smoking
Yes 20
Pack-years (mean % 810 5239
No HH

ECOeS, Eastern Cooperative Cincology Gronp.

TTP and OS

Al a median follow-up of 12 months, 20 patients had
died and 26 patients were refractory or had become Tesistant
to gehtinib monotherapy. Median TTP was 3.3 months
(range, 0.3-19.6 months) and median OS was 10 mombs
(range. [.7 21.4 months) (Figure 1. Puration of response for
patients with partial response was 5.8 months. O$ and TTP
were not alfected by histologic type, smoking. PS. stage, or
prior treatment. Towever, there was a significant difTerence
in survival in gender {median survival time, >12 months in
female paticnts versus 7.7 months in male patients: fog-rank
test, p < 0L04: Wilcoxon wst, p = (0.04),

Tolerability

Table 3 shows drug-related adverse events. Twenty-six
padicnts (86.7%) expuricneed drog-refated  adverse ovents,
must af which were mild. Frequent adverse events ineluded
diarrhea. skin rash. and elevawed ramsaminases. Twenty-two
paticnts experienced skin toxicities, such as acne, pruritus.
and mash. Grade 3 skin oxicities wore observed in wo

TABLE 2. Respense to Gefitinib Manotherapy and
Prognostic Factors*

’R r DCR
No. PR SD PD (%) Value (%) Value

Tutal RIVEE VR B AR 633
Prognostic lactors
Giopder
Male 4 4 00 222 004 444 ooy
Female 12 6 3 1 500 91.7

Smaoking habif
Smoker 205 5 0
m 5 4 1

502 se 0.049
1} o

[P =
!

Nonsmuoker
Histologie type
Adenocareinama 25 10 0§ 7 40 03w 12 0.327

Nomadenovarcinoma . 5 ¢ 2 RN ¢ 40

S
! 26 8 % 10 M8 0584 615 0999
2 4 2 | P50 75

Clinical stape
1Y) 4 2 1 1 50 0384 75 0999
v 2 8 R 19 3 62

Prior (reatment
Yes 249 53 ) 373 0999 383 (.21
Nao 6 1 4 I 167 833

“RR and DCR were compared between prognestic factors using Fislwer's exact fest,
*PR, pantial response; 8D, stable disease; PD, progressive disease: RR. response rale;
DCR. disease control rate.

patients. but these resolved spontancously during treatment.
Diarthea was observed in 12 patients (40.0%) and was con-
trolled with antidiarrheal agents such as loperamide, One
patient developed grade 3 diarrhea, which required temporal
interruption of therapy. Two patients developed drug-refated
preumonitis; both were treated with steroid therapy. amibi-
otics, and oxygen inhalation and recovered within a few
weeks. These patients were smokers and had not received
thoracic radiotherapy. No patients experienced hematologic
toxicitfes.

Postgefitinib Treatment

Twenty-five patients became resistant or were refrac-
tory 1o gefitinib monotherapy. Kight of hiese patients received
neither chemotherapy nor radiotherapy because of deteriora-
tion of PS in four patients and withdrawal of informed
consent o chemotherapy in three patients. One patient un-
derwent palliative surgery and two received radiotherapy for
symptomatic brain metastases. Fificen patients received che-
maotherapy as posteefitinib treatment (platinum-based cheno-
therapy in 14 paticats and vinorelbine monatherapy in one
patient). Five patients achicved PR and four showed SD by
the seeond-line cliemotherapy.

EGFR Mutations in Tumor Samples

Twenty umor samples were obtained from (5 patients
retraspectively. Sequencing ol exons 18, 19, and 21 i £GIR
wis performed in 12 of 20 samples under the same PCR
conditions FGRE mutations were detected in four imoer
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FIGURE 1. Kaplan-Meier curve showing (A) overall survival

and (B) time to progression in all patients,

samples (33.3%). Three of them had a 15 base pair deletion
{1746 A750dely in exon 19, Another of them had L83S8R in
exon 21, The histologic types in patients with ZGFR muta-
tians were adenocarcinoma in three and large-cell carcinoma
in one. All patients with B746 A750de] in tumor samples had
adenocarcinoma. The responzes to gehtinib in (hese four
patients were PR in two, SD in one, and PD i one. There
were no responders among nine patients without an XGHFR
gene mulation,

EGFR Mutattons in Serum Samples

The serum DNA in serum samples from 27 NSCLC
patients was examined. Serum DNA was detected in all 54
samples at concentrations of up o 1720 ng/ml.

lixon 19 of EGFR in pretreatment serum samples ob-
tained Trony 21 ol 27 patients (77%) was detected (Figare 2
A)The dower band was also detected in 10 of 27 (37%)
pretreatment serum samples. Sequencing of the POR products
confirmed that the upper and Jower Bands correspanded o
wild-type and 17746 A750dCl. respectively (Figure 2 7). No

TABLE 3. Drug-Related Adverse Fvents
NCI-CTC Grade Na. of Patients %
Diawrehen | u 0.7
2 3 1.0
3 1 13
Nausen i ] 26.7
2 67
K 4] 0.0
Vaomiting 1 2 6.7
2 ¢ 0.0
ki 0 1.0
Skin foxicity | 15 Ui
2 s 16,7
3 2 6.7
Elevalion of ransamimses | 4 133
2 1 23
3 2 6.7
Preumonitis 1 0 0.0
2 ) Q.0
3 2 6.7

NC-CTC, Mational Caneer Institute Conmaon Toxicity Criteria.

point mutation in exen 18, 19, or 21 was detected m the PCR
products from serum samples. Wild-lype EGFR was detected
in all 10 of the deletion-positive cases. The pattern of bands
was reproducible when using another primer set.'?

When  compared  according  to histologic  type.
E740 AT750del was detected in eight of 25 (32%) cases of
adenocarcinoma, in zero of three cases of squamous carci-
noma. and in two ol 1wo cases of large-cell carcinoma (Table
4), In contrast, (he serum KGFR slalus was not correlated
statistically with cither the clinical response, the gender, or
{the recorded adverse ellects (Fable 3).

In serum samples obtained alter the initiation of ge-
fitindb teatment, 19 of 27 (7084) cases were wild-type
positive and 14 of 27 (52%) cases were deletion-positive
(Figure 2 ). In the postreatment  scrum saniples,
11746 A750del was mare frequently observed. Furthermore.
the deletional mutat of £GFR was significantly more fre-
guently observed in samples {fam patients who showed a PR
or 8D (12 of 16 cases {75%]) than in samples [rom patients
with PD (two of 11 cases [ 18%]) (p = 0.0063. Fisher's exact
test) (Fable 6). The deletional mutant FGFR was more
lrequently detected in female patienis (six ol nine cases
[67%]) than i male patients (cight of T8 cases [H4% ). bt
this Jifference was not significant {Table 6). No correlations
were seen statistically between the presence of mytation and
the adverse elfeets.
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FIGURE 2. (A) Detection of - .
genomic EGFR in the serum of pre- 250 TR o
treatrnent patients, (B) The se- -
quences of the PCR products from

patient 19 (days O and 14) are B

shown. () PCR of the serum sam-
ples obtained on day 14. Serum-
derived genomic DNA PCR was
performed. Exon 19 of EGFR in se-
rum obtained from the patients
was amplified by PCR, and the
products were detected using a bp}
Bioanalyzer. A second round of
PCR (20 cycles) was performed
when no band was detected in the
first round of PCR (30 cycles). Row
numbers indicate the patient num-
ber. *Band detected in the first
round of PCR.
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TABLE 4. Frequency of Serum EGFR in Lung Cancer
Patients According to Histology and Response to Gefitinib*

Pre Post
Wild Deletion Wild Deletion
Adenocarcinoma 18/23 823 15:22 1322
Squamous-cell carcinoma 172 02 i 0z
Lawge-cell carcinoma 272 212 12 112

*A talal of 27 sumples were obtained frome 28 patiems both belore mxd aller
Ireatment, A pretreanment sample of patient 2 and o postireatiment saimple of patiem 17
were lacking,

TABLE 5. Frequency of Serum EGFR in Lung Cancer
Patients According Response to Gefitinib and Gender:
Detection of Deletion-Type Mutation on Day 0*

+ p Valoe
Response
PRISD by 9
[§¥] 2 8 02303
Giender
Male N 12
Female A N 041353

Aol o 27 sumples were oblained rom 28 patients both belore and afier
tressienl, A prefeeatment sample of patient 2 and o posttrestiaent saniple of patient 17
were hacking, SOy ostable disease: PO progressive disease: PR partind response: 1.
deletion-pesitive: . wild-type

Comparison of EGFR Mutation Status between
Tumor Samples and Serum Samples

Pairs of wmor samples and serum samples were ob-
tained T 12 patients retrospectively (Fable 7). The FGIRR

TABLE 6. Frequency of Serum EGFR in Lung Cancer
Patients According to Respanse to Gefitinib and Gender:
Detection of Deletion-Type Mutation on Day 14*

+ - 2 Value
Response
PRISD 12 4
PD 2 9 0.0063
CGrener
Male § 10
Fenwale 6 3 04197

*A telal ol 27 samples were obiained from 28 palients beth betore and afer
Treatment, A prefeeatiient sample of patient 2 and a posticeshnent sample of palicat 17
were lacking. SD, stable disvase: PD. progressive disense; PR, partial response; |,
deletion-positive: . wild-type,

mutation status in the wmors was consistent with those in
serum of seven 0f 12 of the paired samples. Among the other
five patients, ZGFR mutation was negative in the tumor and
positive in the serum in four patients, and in the other patient
it was positive in the wumor and negative in the serum. Irom
whose tumor sample LISKR was detected.

DISCUSSION

The overall response of 33.3% in this phase 11 swdy
was comparable not only o that achieved in Japanese popu-
lation enrolled in the IDEAL-T trfal (27.5%)7 bin also o a
retrospective analysis conducted of patients in Japan.2? Ge-
finib monotherapy appeared (o be equally effective in pa-
tients with chemotherapy-naive NSCLC and in patients with
prevreated NSCLC

Drug-related adverse events were generally mild com-
pared with cytotoxic chemotherapy. Grade 3 pulmonary tox-
icities were observed inotwo paticnts. 1o this study. the
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TABLE 7. FGFR Mutation Status in Tumer Samples and Serum Samples*

EGFR Mutation Stalus

Sernm Samples

Pre Pust
No Guender Histology Response Tumar Sampie Wild Mulafion Wikd Mutation
43 M Large SD Wild ! | !
45 M SOC D Wild NI ND 1
52 F sSoe D Wild i 1
53 M Adena D Wild 1
53 M Adeno PR [B3RR ! b
37 F Adeno SD Wild 1 I
61 M Farge PD E746- AT del 1 i 1
[ M Adenn P Wild ! I
Tit M Adeno PR Wild i I 1
72 M Adeno s EM6-ATE0 del ¢ I
75 I Adeno PR E746-A730 del t 1 1 |
77 M Adeno PD Wild H | I

* Pairs of hoth tonar sauples and serum samples were abtained rom 12 patierss. M, male; FL fenale: 8D, stable disease; PD. progressive disease: PR. partial response; SCC,
sytsunons-vel] carcinomu; Adene, adenvcarcinoma; Large. Jarge-cel] careitiomi: NDL not detennined.

incidence ol drug-related pneumonitis was 6.7% and was
comparable 1o results of other studies.2*3* Therefore, ge-
fitinib monotherapy as a first-line treatment appears (o be
equally tolerable as a second-line treamment,

Thirteen ol 22 patients who became resistant or were
refractory (o gefitinib monotherapy received salvage chento-
therapy. The objective response rate was 3(.8%. comparable
1w that of first-line chemotherapy. These results suggest (hat
cancer cell populations that are sensitive o gefitinib might
not be identical to those sensitive to chemotherapeutic drugs
such as platinum agents or taxanes,

Sematic mutations in the tyrosing kinase domain of the
EGEFR gene were reported, and these mutations induced
increased activity of EGFR and sensitivity o gefitinib in vitro
and the predictive factor of response 1o gefitinih '3 We
evalualed FGFR gene status in 13 wmor samples and de-
tected FGER gene mutation in four tumors. Objective re-
sponses were achieved in (wo patients, bul one patient
showed P whose tumor had a 15 base pair deletion muta-
tion in exon 19, This suggested that response (o gefitinib may
not be determined by £GFR mntation in exon 19 or 21, and
ather mechanisms may relate 1o gefitinib resistance.

The detection of EGFR mutation from seeum samples
was carried out as a correlative study. These results provided
us two major findings: (1) E746 A750del was detectable in
serum  sample obtained from NSCLC patients: and (2)
13746 A750de] was frequently observed in posttreatment se-
rum samples obiained from the PR and 8D patients.

It may be explained that DNA derived from destruetive
wimor cells that have responded 1o gefitinib may be more
frequent]ly observad in the circulating blood. Previous reports
regarding detection of mutations i serume did not elicidate
the changes in mutation statas during wreatment, We woukd
like o do this i the next experiments to conlinn our specn-
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lation. Our hypothesis is that serum detection ol EGIFR
mutation will be a convenient means of predicting the sensi-
tivity 1o gefitinib, although we could only demonstrate the
leasibility of the £GFR mutalion in serum in {his report. We
need to develop a highly sensitive methodology o improve
the prediclability of this assay.

In comparison of the mutation status of EGFR in actual
wmors with serum DNA obtained from the same patients
before treatment, 70% of patients who had sequence data
ohtained from both serum and tumor samples were conlom-
ing. Hsteller ot al. reported detection of aberrant promuoter
hypennethylation ol tumor suppressor genes (pl6, DAP.
GSTPI. and MGMT) in serum DNA obtained lrom NSCLC
patients and demonstrated that 73% ol serum samples showed
abnormal methylated DNA in the patients with the methyl-
ated primary tamors.'® Another report investigating a point
mutation of the p33 gene and hypermethylation of pl6 in
plasma DNA from breast cancer patients demonstrated that
66% of the patients with at least one molecular event in tumor
DNA had some alteration in plasma DNA? We believe that
the scisilivity of vur assay is eguivalently sensitive to those
ol these previons reports.

CONCLUSION

In conclusion, 230 mg ol oral gefitinib monotherapy as
a lirst-Tine tremtment produces obvious amtitumor activity,
with aceeptable toxicities, Oral gefitnib monetherapy as a
first-line treatment merits imvestigation in further clinical
trials. Using serum samples from NSCTC pationts, the EGER
mutation was detected. The dewection of 12746 A750det in the
serpm ol notreaded patients was not a predictor of geltlinib
response i ihis stndy, However, further prospective stadivs
using serum smnples may be necessary o condirm this con-
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Clusion. The presence of £GFR mutation in serum may be a
uschul biomarker for monitoring gelitinib response.
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E7070 is a novel sulfonamide anticancer agent that disrupts the
G1/S phase of the cell cycle. The objectives of this phase 1 study
of E7070 were to estimate the maxima!l tolerated dose (MTD}, to
determine the recommended dose for phase ll, and to clarify
the pharmacokinetic profile of E7070 and its relation to poly-
morphisms of CYP2C9 (*2, *3) and CYP2C19 (*2, *3) in Japanese
patients. Patients received 1-2-h i.v. infusions of E7070 (400, 600,
700, 800 or 900 mg/m?) on day 1 of a 21-day cycle. Twenty-one
patients received between one and eight cycles of E7070. The
dose-limiting toxicities (DLT) comprised leukopenia, neutropenia,
thrombocytopenia, elevation of aspartate aminotransferase,
colitis, and ileus. The mean area under the plasma concentration—-
time curve {AUC) for successive dose levels increased in a non-
dose-proportional manner. Two patients were heterozygous for
the CYP2C9 mutation. For CYP2C19, eight patients were wild
type and the remainder had heterozygous {n = 8) or homozygous
mutations {n = 5). Regarding the CYP2C19 genotype, the AUC of
patients with mutant alleles were higher than those of patients
with wild type at a dose of 600 mg/m? or more. The severity of
toxic effects, such as myelosuppression, seemed to depend on
the AUC. No partial responses were observed. One patient
treated at a dose of 700 mg/m? experienced a maximum tumeor
volume reduction of 22.5%. The MTD was estimated to be
900 mg/m*. A dose of 800 mg/m? is recommended for further
phase li studies. The pharmacokinetic/pharmacodynamic properties
of E7070 seemed to be influenced by CYP2C19 genotype. The
observed safety profile and preliminary evidence of antitumor
activity warrant further investigation of this drug in monotherapy
of in combination chemotherapy. (Cancer Scf 2005; 96: 721-728)

E7070, N-(3-chloro-7-indolyl)-1,4-benzenedisulfonamide,
has been reported to exhibit a potent antitumor activity
by blocking cell cycle progression. In virro studies indicate
that the drug disrupts the G,/S phase, thereby inducing cell
cycle arrest and apoptosis.t? Although E7070 is not a direct
inhibitor of cyclin-dependent kinases (CDK), it causes
depletion of cyclin E, with a reduction in CDX2 catalytic
activit.® The exact mechanism of cyclin E/CDK2
inactivation is unclear. Transcriptional repression of cyclin H
in a p53-independent manner also occurs in response (o
E7070.% The reduction in G, CDK activity induces arrest at
the G,/S boundary, accompanied by hypophosphorylation of
retinoblastoma (Rb) protein and decreases in CDK2, cyclin
A, and cyclin B proteins." E7070 activity is associated with
upregulation of p53 and p21, which may contribute to the

@ Japanesé Cancer Association dei: 10.1111/],1342-7006.2005.00109.x

reduced Rb phosphorylation, as well as subsequent apoptosis.
In preclinical models, E7070 was cytotoxic to human
HCT116 colon carcinoma and LX-1. E7070 exhibits more
potent in vivo antitumor effects than 5-fluorouracil, mito-
mycin C, and irinotecan.®

E7070 has been the subject of four clinical phase I studies.
In the first trial, E7070 was administered once every 21 days
at doses between 50 and 1000 mg/m*® and in the second
trial E7070 was administered five times per day once every 3
weeks at doses between 10 and 200 mg/m? per day.® Other sche-
dules used were a weekly infusion given over 4 consecutive
weeks repeated every 6 weeks,” and a continuous intrave-
nous infusion for 5 days every 3 weeks.® In the single-dose
every 3 weeks study, neutropenia and thrombocytopenia
were dose-limiting at 700 and 800 mg/m*® In the second
study, neutropenia and thrombocytopenia were dose-limiting
at 160 and 200 mg/m2.® In the study that used a weekly dose
schedule, neviropenia and thrombocytopenia were also dose-
limiting toxicities (DLT) and other DLT included stomatitis,
diarrhea, nausea, and fatigue.” Partial responses were
observed in patients with breast and endometrial cancer.®”

During a phase I trial, three patients receiving prophylactic
daily oral maintenance therapy with acenocoumarol developed
a hemorrhagic tendency and/or a prolonged prothrombin time
following treatment with 700 and 800 mg/m? of E7070.% The
major metabolic enzyme for acenocoumarol is cytochrome
P450 (CYP)2C9.® [n vitro studies have shown that E7070
has the potential to inhibit CYP2C9 and CYP2C19.(% The
pharmacokinetic drug—drug interaction study indicated that
primary interaction of the two drugs could occur via inhibi-
tion by E7070 of acenocoumarol metabolism.

Based on these results from the previous phase I and phar-
macokinetic trials, the present phase T study was designed to
evaluate ascending doses of E7070 administered as a single
dose by 1-2-h i.v. infusion every 21 days. The objectives of
the study were to determine the maximum tolerated dose
(MTD) and the dose to be recomnmended for use in future
phase I studies, as well as to assess the safety, pharmacoki-
netic profile and preliminary antitumor activity of the drug.
We also evaluated the influence of genetic polymorphisms
of CYP2C9 and CYP2CI19 on the pharmacokinetics of
E7070.

Te whom correspondence should be addressed. E-mail: yayamada®ncc.go.jp
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Materials and Methods

Patient selection

Japanese patients with histologically or cytologically
confirmed malignant solid tumors refractory to conventional
chemotherapy, or tumors for which no effective therapy was
available, were candidates for this study. Eligibility criteria
included the following: age between 20 and 75 years; World
Health Organization {(WHO) performance status 0-1, life
expectancy 2 3 months, absolute leukocyte count = 4000/ul.
and < 12 000/uL, absolute neutrophil count = 2000/uL, hemo-
globin level =9 g/dL, platelet count = 100 000/pL, serum
creatinine level <1.5 mg/dL or creatinine clearance = 50 mL/
min, and arterial partial pressure of oxygen of 65 tomr or
more. Additional entry criteria were serum bilirubin < 1.5 mg/dL,
and serum aspartate aminotransferase (AST) and alanine
aminotransferase (ALT) £ 100 IU/L. Before study entry, a 6-
week interval was required for patients previously treated
with mitomycin C or nitrosoureas, a 4-week interval was
required for other chemotherapy, endocrinotherapy, surgery,
radiation therapy, immunotherapy treatments or other invest-
igational agents, and a 2-week interval after blood trans-
fusion or administration of granulocyte-colony stimulating
factor (G-CSF). Patients were ineligible for the study if they
had symptomatic central nervous system metastases, active
infection, or other non-malignant disease, which was con-
sidered to be incompatible with the protocol. Patients who
were receiving corticosteroids or coumarin anticoagulants
less than 2 weeks prior to administration of E7070 were
excluded from the study. The praotocol was approved by the
institutional review boards of the National Cancer Center,
and all patients gave written informed consent prior to study
entry.

Dosage and dose escalation
E7070 was provided as a lyophilized powder in 500-mg vials
by Eisai Co. {Tokyo, Japan). The starting dose of E7070 was
set at 400 mg/m?® because only mild to moderate grade 1 to
grade 2 toxicity was observed at doses of 600 mg/m?® or lower
in the previous phase I study.™ Subsequent doses were to be
escalated to 600, 700, 800 and 900 mg/m® E7070 was dis-
solved in 20 mL of distilled water, then added to 500 mL of
normal saline for injection, and this solution was admin-
istered by intravenocus infusion over 1 h at doses of 400 and
600 mg/m?, Injection site reaction was observed in one of
three patients at 400 mg/m?® and three of three patients at
600 mg/m? Therefore, E7070 was given in 1000 mL of
normal saline over 2 h at 700, 800, and 900 mg/m?. Patients
were hospitalized for the first course of E7070 and remained
hospitalized for close observation for 21 days thereafter.
Subsequent courses could be administered on an outpatient
basis with weekly patient evaluations by the investigator.
Patients were enrolled in cohorts of three patients per dose
level and observed for 21 days; the observation period was
extended to 42 days if a longer recovery period was needed.
If one of the three patients experienced DLT, then three addi-
tional patients were treated at the same dose. If two or more
of three or six patients experienced DLT, that dose level was
regarded as the MTD. If none of the first three patients demon-
strated DLT, then the next three patients were treated at the
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next (higher) dose level. Individual patients who did not
demonstrate DLT and showed no evidence of disease pro-
gression could receive E7070 at the originally assigned dose.

After the MTD had been determined, a dose below the
MTD was evaluated in a total of six patients for identification
of the proposed recommended dose for phase II study, The
recommended dose was the highest dose at which less than
33.3% of treated patients experienced DLT.

Definition of dose-limiting toxicity

The DLT was defined as the occurrence of any of the
following events during cycle 1 that were attributable to
E7070: National Cancer Institute Common Toxicity Criteria
(NCI CTC) (version 2.0) grade 3 or 4 non-hematological
toxicity (except nausea, vomiting effectively managed with
symptomatic treatment, or alopecia), grade 4 leukopenia,
grade 4 neutropenia accompanied by fever of 2 38.5°C, or
that persisted =5 days, and platelet count <25 000/uL.
Prophylactic use of colony-stimulating factors was not
permitted during the first cycle; however, patients who had
neutropenia that had met the criteria for DLT were permitted
to receive concomitant treatment with G-CSF.

Evaluation of patients

Safety was evaluated on the basis of physical findings, vital
signs, adverse events, and laboratory parameters obtained at
baseline and periodically throughout the study. During the
first cycle, hematology studies were performed at least twice
a week, while vital signs, physical examinations (including
evaluation of performance status) and serum biochemistry
were measured on days 1, 8 and 15. Toxicity evaluations of
subjective and objective findings were performed according
to the NCI CTC (version 2.0) on days 1, 8 and 15. For the
second and subsequent cycles, vital signs, laboratory tests
and toxicity evaluations based on subjective and objective
findings were performed on days 1, 8, and 15 of each cycle,
Blood glucose was monitored before the dose of E7070 and
after the end of infusion. Blood coagulation studies were
carried out before each dose for all cycles and also at day 8
of the first cycle. Efficacy was assessed by the physician on
the basis of antitumor effect according to the Response
Evaluation Criteria in Solid Tumors (RECIST).0V If an
antitumor effect was observed, the disease site was re-
evaluated at least 4 weeks later to confirm the response.

Pharmacokinetics

Pharmacokinetic studies were performed during the first
cycle of treaiment, On day 1, blood samples (4 mL each) were
drawn from an indwelling intravenous cannula in the arm
contralateral to that bearing the infusion line. Samples were
collected in heparinized tubes, preinfusion, at 30 min after
the start of the infusion, at the end of the 1- or 2-h infusion,
and at 10, 30, and 60 min and 2, 4, 6, 10, 24, 48, 72, 96, 163,
and 240 h after the infusion. The samples were centrifoged at
1500xg for 10 min at 5°C, and the resulting plasma samples
were stored at —20°C until analysis. Urine samples were
collected before the start of E7070 infusion and over three
24-h intervals for 72 h after the start of the infusion. The
concentrations of E7070 in plasma and in urine were
analyzed at Eisai Co. by means of validated high-performance
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liquid chromatography methods with UV detection (HPLC-
UV). The lower limit of quantification was 20 ng/mlL.. N-(3-
Chloro-7-indolyl)-4-(N-methylsulfamoyl)benzenesuifonamide
(ER-67771)""2 was used as an internal standard.

Plasma, the internal standard and 0.1 mol/L. phosphate
buffer (pH 6.8) were vortexed. After adding ethyl acetate, the
mixture was shaken and centrifuged. The organic layer was
collected and transferred into a glass tube, then evaporated
under nitrogen flow in a drying block. The residue was dis-
solved in CH,CN-6.7 mmol/L phosphate buffer (pH 6.6), and
the solution was injected into an HPL.C apparatus.

Chromatographic separation was achieved by using a
columm switching method with Asahipak C8P-50 (Showa
Denko, Tokyo, Japan) as a separation column and YMC-pack
ODS-AM-312 (YMC) as an analytical column. Mobile phases
were CH,CN: 6.7 mmol/L. phosphate buffer (pH 6.6; 360:640
[viv]) for separation and CH,CN: 6.7 mmol/L. phosphate
buffer (pH 7.4; 360:640 [v:v]) for amalysis. E7070 was
monitored by UV detection at 280 nim.

Pharmacokinetic parameters of E7070 after a single dose
administration during the first cycle were determined by non-
compartmental analysis using WinNONLIN (Pharsight Cor-
poration, CA, USA). The apparent elimination rate constant
at the terminal phase (A,) was estimated by linear regression
analysis from the terminal log-linear declining phase to the
last quantifiable concentration. The elimination half-life {t,,)
was calculated as t,, = In(2)/A,. The area under the plasma
concentration—time curve from zero to the last quantifiable
sampling time, AUC,,_,,, was obtained by the log trapezoidal
rule. The AUC from zero to infinity was calculated as AUC,
+ C/A,, where C, was the last quantifiable concentration,
The clearance was calculated as dose/AUC. The mean resi-
dence time (MRT) was estimated from AUMC/AUC, where
AUMC is the first moment curve. The volume of distribution
was calculated as MRT X clearance.

Genotyping procedures for CYP2C9 and CYP2C19

Genotyping was conducted using the Invader assay (BML,
Tokyo, Japan). Genomic DNA was isolated from whole
blood with the Q1Aamp DNA Blood Kit (Qiagen, CA, USA).
The primary probes (wild type and mutant probes) were used
to detect C430T (*2) and A1075C (*3) mutations of
CYP2C9, and G681A (*2) and G636A (*3) of CYP2CI19,
respectively. The invader assay fluorescent resonance energy
transfer (FRET)-detection 96-well plates (Third Wave
Technologies, WI, USA) contained Cleavase enzyme, FRET
probes, MOPS buffer and polyethylene glycol. Eight
microliters of mixtures consisting of an appropriate primary
probe, Invader oligonucleotide and MgCl, was added to the
wells, followed by addition of 7 pul. of the heat-denatured
genomic DNA, and this was overlaid with 15 pL of mineral
oil. For only CYP2C9#2 (C430T) detection, a dilution of the
CYP2C9-specific polymerase chain reaction (PCR) product
was used instead of genomic DNA, because the CYP2C9%*2
(C430T) detection point has the same sequence on
CYP2C19. The plates were incubated at 63°C for 4h for
genomic DNA or 1 h for the PCR product. The fluorescence
intensities were measured on a Cytofluor 4000 fluorescence
plate reader (Applied Biosystems, CA, USA) with excitation
at 485/20 nm (wavelength/bandwidth) and emission at 530/
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Table 1. Patients’ characteristics
No. entered 21
Age {years)
Median 57
Range 35-70
Male:female (no. patients) 15:6
WHO performance status {no. patients)
Q 7
1 14
Tumor type (no. of patients)
Colorectal 15
SCLC 2
Gastric 1
NSCLC 1
Liposarcoma 1
Mesothelioma 1
Prior treatment
Chemotherapy
No. prior regimens (no. patients)
0 0
1 1
2 5
>3 15
Surgery (no., patients) 18
Radiation therapy {no. patients) 7

SCLC, small cell lung cancer; NSCLC, non-smail cell lung cancer;
WHO, World Health Organization.

25 nm for FAM dye detection, and excitation at 560/20 nm
and emission at 620/40 nm for RED dye detection.

Subjects having either the *2 or *3 allele (*1/#2 or *1/#3)
were defined as hetero extensive metabolizers (hetero EM),
those with two mutated alleles (¥2/%2, *2/%3 or *3/*3) as
poor metabolizers (PM), and those with no mutated alleles
(*1/*#1) as homo EM.

Results

Patients’ characteristics

Twenty-one patients (15 male and six female) were enrolled
into the study (Table 1). All patients had a good performance
status and had received previous chemotherapy regimens.
The colonfrectum was the most commonly noted primary
disease site. All patients were evaluable for toxicity during
the first cycle, and for efficacy. Twenty-one patients received
42 cycles of treatment. The median number of cycles
administered per patient was one (range, 1-8).

Dose escalation and identification of DLT, MTD, and the
recommended phase H dose

The DLT in this study were leukopenia, neutropenia, throm-
bocytopenia, elevation of AST, colitis, and ileus. None of the
patients treated at any dose of less than 300 mg/m? experi-
enced DLT. At a dose of 900 mg/m?, two of three patients
experienced dose-limiting leukopenia, neutropenia, and
thrombocytopenia, identifying this dose level as the MTD. At
the same dose, grade 3 colitis and grade 3 AST elevation

‘were observed in one patient. Therefore, three additional

patients were enrolled at 800 mg/m?®. One of the additional
three patients evaluated for safety at 800 mg/m? experienced
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Table 2. Hematological toxicities during the first cycle of treatment with E7070

Dose (mg/m?)

Toxicity

Grade 400 600 700 800 900
(n=3) {n=3) {n=6) {n=6) (n=3)
Neutropenia 12 0 0 3 1 0
3/4 0 2 0 3 3
Leukopenia 112 1 2 3 3 1
344 0 0 0 2 2
Thrombocytopenia 172 0 2 1 2 0
3/4 0 0 0 1 3
Anemia 12 1 2 4 2 2
34 0 0 0 1 1

DLT of grade 3 ileus. This patient had previously undergone
intestinal surgery for colon cancer, On the basis of these
findings, a total of six patients were treated at the dose of
800 mg/m? and one of the six patients experienced DLT.
Thus, based on protocol-defined criteria, the MTD was
estimated to be 900 mg/m?. Therefore, a dose of 800 mg/m?
is the recommended dose for single-agent phase II studies.

Hematological toxicity

Neutropenia, levkopenia, and thrombocytopenia were the
hematological toxicities observed most commonly during
the first cycle (Table2). Neutropenia was the principal
hematological toxicity in this study and was dose-limiting at
900 mg/m?®. Eight patients treated at 600, 800 and 900 mg/m?
experienced grade 3 or more neutropenia. In these patients
the median times to nadir neutrophil counts were 12.5 {(8-25)
days in the first cycle and 15.5 (8-25) days in all cycles, and
the median times to recovery from nadir to grade 1 were 5.0
(3-15) days in the first cycle and 6.0 (3-15) days in all
cycles. Neutrophil counts recovered to grade 1 within 2]
days after E7070 infusion in all patients treated with 400 mg/
¥, but had not recovered by day 22 in two, one and two
patients at 600, 700 and 800 mg/m?, respectively. Neutrophil
counts recovered by day 29 after E7070 infusion in all
patients. G-CSF support was provided during cycle 1 in two
of three patients treated at 900 mg/m® One patient treated at
800 mg/m?* and three patients treated at 900 mg/m? experi-
enced grade 3 thrombocytopenia. In patients treated at 800
and 900 mg/m?, the median time to nadir platelet counts was
10.0 (7-12) days, and the median time to recovery from nadir
to grade 1 was 5.0 (2-9) days in the first cycle. Anemia,
reported in 13 (62%) patients, did not exceed grade 1-2
severity except in two patients at 800 and 900 mg/m?®. The
numbers of patients with blood cell count toxicity did not
tend to increase with increasing number of courses of
treatment, suggesting that the hematological toxicity of
E7070 is not cumulative.

Non-hematological toxicity

The non-hematological toxicities reported commonly during
the first cycle were rash, fatigue, stomatitis, alopecia, injection
site reaction, diarrhea and constipation (Table 3). These
toxicities were generally mild. Grade 3 and grade 4 toxicities
were reported in patients treated with 800 or 900 mg/m”
Grade 3 ileus and grade 4 constipation associated with the
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ileus developed in one patient at 800 mg/m®. Grade 3 AST
clevation, grade 3 colitis and grade 3 diarthea accompanying
the colitis were observed in one patient at 900 mg/m®. The
toxicities reported most commonly in subsequent cycles were
similar in terms of number of patients affected and severity
io these reported during the first cycle of treatment.

Gastrointestinal toxicity, usually mild, was the most com-
mon non-hematological toxicity associated with E7070.
Diarrhea (grades 1-3) was noted in eight (38%) patients dur-
ing the first cycle, and the incidence was greater at the
800 mg/m? (5/6) and 900 mg/m? (3/3) doses than at the 400—
600 mg/m® doses (none). Severe diarrhea (grade 3) was
observed in only one patient, who received 900 mg/m?® and
had previously undergone surgery for primary colorectal can-
cer. In almost all cases, nausea and vomiting responded well
to antiemetic therapies and patients were able to maintain
good oral intake. Mild constipation (grades 1-2) was noted at
600--900 mg/m?, except for one patient with grade 4 consti-
pation associated with grade 3 ileus at 800 mg/m?. Alopecia
was observed in nine (43%) patients, Grades 1-2 injection site
reaction, including irritation, pain, or phiebitis, developed in
one patient at 400 mg/m® and three patients at 600 mg/m?.
Therefore, E7070 in 1000 mL of normal saline was given over
2h at 700, 800, and 900 mg/m®. However, three patients at
700 mg/m? and two patients at 800 mg/m?® showed injection
site reaction, and thus E7070 was given to patients at
900 mg/m? through a central vein. There were no deaths
within 28 days of E7070 administration, and none of the
deaths that occurred after the study was considered to have
been treatment-related.

Pharmacokinetics

Complete pharmacokinetic data sets were obtained in 21
patients. The mean (+5D) plasma concentration-time curves
of E7070 are shown in Figure 1. The mean {t SD) pharm-
acokinetic parameters derived from the plasma concentration
are listed in Table 4. After the end of the infusion, plasma
concentration of E7070 decreased rapidly for several hours,
followed by a slower elimination phase (Fig. 1). During the
elimination phase, the E7070 plasma concentration-time
profile was convex, which is characteristic of non-linear
pharmacokinetics. Maximum plasma concentrations (C_,) of
E7070 at the 700-900 mg/m*® doses were lower than that at
600 mg/m* (Table 4). This is probably related to the change
of the infusion time of E7070 from 1 h to 2 h at doses over
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Table 3. Non-hematological toxicities during the first cycle of treatment with E7070

Dose {mg/m?)

Touxicity Grade 400 500 700 800 200
(n=3) {n=3) {n=8) (n=86) (n=3)

Diarrhea 12 0 0 0 5 2

3 0 0 0 0 1
Constipation 12 0 1 2 3 1

3/4 0 0 0 1 4]
Nausea 1/2 0 1 3 1 1

3 0 0 0 1 0
Vomiting 12 1] 1 0 0 0

3 8] 0 Q 1 0
Anorexia 112 0 1 2 1 1

3 0 0 0 1 0
Stomatitis 172 1 1 2 3 3

3 8] ] 0 0 0
Injection site reaction 172 1 3 3 2 o*

3 0 ] 0 D o*
Rash 12 1 1 5 2 3

3 0 o ] 0 [
Fatigue 172 1 2 2 3 3

3 0 0 0 0 0
Headache 12 1 1 4 2 0

3 0 0 0 0 0
Alopecia 112 0 1 2 3 3
*E7070 was administered through a central vein at a dose of 900 mg/m?.
Table 4. Pharmacokinetic parameters of E7070
Dose Mo, Crax AUC CcL MRT tin Vi, Urinary
{ma/m?) patients {ugfml} (ug-h/mL} {mL/min per m? {h) {h} {L/m?) excretion (%)
400 3 822+£154 1066 + 140 6309 26+8 205 98+£16 0.82+40.22
600 3 142.8+12.3 4204 + 1353 26+£1.0 53+17 32: M1 76+£00 1.6720.13
700 6 116.1£11.3 3300 4 1058 3.9£1.3 41+£12 217 8.7+09 1.57+0.39
BOO 6 117.7 £ 8.6 3943 #1243 3.6£1.0 45 + 11 2244 9.2+0.8 1.77 +0.80
900 3 133.8x0.7 6095 + 1009 25+£04 59410 2748 8707 2.47+1.33

C

e Maximum plasma concentration; AUC, area under the plasma concentration-time curve; CL, clearance; MRT, mean residence time; t,,,

terminal efimination half-life; V,,, distribution volume at steady state; urinary excretion, cumulative excreted amount of E7070 in urine.

600 mg/m* because of injection site reaction. The AUC
increased more than expected with increasing dose. The
clearance decreased between 400 and 900 mg/m?, with mean
values of 6.3 mL/min per m? to 2.5 mL/min per m® The
mean plasma half-life (t,,) was between 20 and 32 h at the
examined doses. Mean 72-h urinary excretion was 0.82% to
2.47% of the administered dose of E7070 in the five cohorts.

Pharmacodynamics

The pharmacodynamic analysis was performed by focusing
on leukopenia, nentropenia and thrombocytopenia, because
these were the DLT of E7070. Figure 2 shows that the nadirs
of white blood cells (WBC), neutrophils, and platelets were
related to the AUC of E7070. The percentage decrease rate
from the value before dosing to the nadir of WBC, neutrophil
or platelet count also showed a good correlation with the
AUC of E7070.

Yamada et al,
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Fig. 1. Mean plasma concentrations of E7070 after single intravenous
infusion at each dose level, Circles, 400 mg/m?; triangles, 600 mg/m?

squares, 700 mg/m?; inverted triangles, 800 mg/m? diamonds, 900 mg/m?.
Each point represents the mean with standard deviation,
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Fig. 2. Relationship between the area under the plasma concentration—time curve (AUC) of E7070 and white blood cells, neutrophil and
platelet counts. Closed sgquares, 400 mg/m? open squares, 600 mg/m% closed diamonds, 700 mg/m?; open diamonds, 800 mg/m? closed

triangles, 900 mg/m? R, Pearson's correlation coefficient.

Genotyping of CYP2CY9 and CYP2C19

The CYP2CY and CYP2C19 genotypes were studied in 21
patients. Two (109} were hetero EM for CYP2C9 (*1/+3),
and 19 (90%}) were homo EM for CYP2CO (*1/#1). Five (24%)
were PM for CYP2C19 (¥2/%2 or #2/*3), eight (38%) were
hetero EM for CYP2C19 (*1/%2 or #1/*3) and eight {(38%)
were homo EM for CYP2CI9 (*1/*1). Figure 3 shows the
relationship between dose and AUC of E7070 with respect to
CYP2C9 and CYP2C19 genotypes. At a dose level of 600 mg/m?
or more, the AUC of patients with mutant allele(s) (PM and
hetero EM) of CYP2C9 or CYP2C19 were higher than those
of the patients without mutant alleles (homo EM). DLT was
observed in one CYP2C19 PM patient at 800 mg/m? and two
CYP2C19 hetero EM or PM patients at 900 mg/m>2

Antitumor activity

No objective clinical responses were observed, but liver
metastasis was reduced by 22.5% at the 8th cycle of 700 mg/m?
in one colorectal cancer patient, who had previously received
S-fluorouracil.

Discussion

This phase I study was conducted to determine the MTD of
E7070 administered by intravenous infusion over 1-2 h every
21 days, to determine the recommended single-agent dose for
phase II studies, and to characterize the safety, pharm-
acokinetic and pharmacodynamic profiles of E7070. The
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Fig. 3. Relationship between dose and area under the plasma
concentration-time curve (AUC) of EZ070 in relation to CYP2CY and
CYP2C19 genotypes. Circles, homo extensive metabolizers (EM) for
both CYP2C9 and CYP2C19; squares, homo EM for CYP2C9 and
hetero EM for CYP2C19; triangles, hetero EM for both CYP2C9 and
CYP2C19; diamonds, homo EM for CYP2C9 and poor metabolizers
(PM) for CYP2C19. Patients with dose-limiting toxicity are indicated
with closed symbaols,
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MTD in this study was estimated to be 900 mg/m?, and the
recommended dose for phase II studies is 800 mg/m?. DLT
observed at 900 mg/m? included leukopenia, neutropenia,
thrombocytopenia, elevation of AST, and colitis.

The hematological abnormalities most commonly reported
during the first cycle of treatment were neutropenia, leukope-
nia, and thrombocytopenia. Neutropenia, which tended to be
dose-dependent, but not course-dependent, was the principal
hematological toxicity in this study and was dose-limiting at
900 mg/m® At the recommended dose of 800 mg/m?, the
mesn recovery time of neutrophils from day 1 to grade 1
neutropenia was 24.0 £ 6.1 days. Therefore, bone marrow
recovery should be confirmed before the start of successive
treatment cycles. Hematological toxicities were also dose-
limiting in four previous phase I trials of E7070.5°%

The non-hematological toxicities most commonly reporied
during the first cycle of treatment were rash, fatigue, stoma-
titis, alopecia, injection site reaction, diarrhea and constipa-
tion. The type and incidence of the frequently noted events
were generally consistent across dosages and cycles of treat-
ment. Gastrointestinal toxicity, the most common non-
hematological type of toxicity associated with E7070, was
usually mild and well-controlled with medication. The frequency
of diarrhea increased with dose, and grade 3 severe diarthea and
colitis were observed only in one patient at 900 mg/m?; this
patient had previously undergone intestinal surgery for colon
cancer. Diarrhea was a dose-limiting toxicity in two previous
phase 1 trials of E7070.%7 Because of the relatively high
frequency and dose-dependency of diarrhea in this study,
patients receiving E7070 should be carefully monitored for
diarrhea. Grade 3 ileus followed by grade 4 constipation was
reported in one patient treated with 800 mg/m? of E7070.
Although this event appeared to be related to peritoneal
dissemination, its onset after 7 days of E7070 infusion sug-
gested that it might have been induced by E7070. None of
the patients treated at less than 800 mg/m? had grade 2 or
higher nausea, vomiting, or ancrexia.

Grades 1-2 rash, commonly localized to the face, anterior chest,
and upper back, with mild itching, was observed in 12 patients
given 400-900 mg/m? of E7070. Tts frequency and severity were
not dose-dependent. Rashes recovered within a week after the
administration of E7070, and skin toxicity did not interrupt
the therapy in any patient. Injection site reaction (grades 1-2)
was reported in nine (43%) patients. The frequency of this event
did not seem to be dose-dependent, suggesting that it was
related to infusion irritation by E7070, rather than hemolysis
or thrombosis. E7070 shows similarities to chloroquinoxaline
sulfonamide, which is known to cause hypoglycemia and
cardiac tachycardia.!"® However, no hypoglycemia or cardiac
arrhythmia was observed in this phase I trial of E7070.

The results of pharmacokinetic analysis suggested that the
AUC of E7070 was non-linearly related to dose within the
dose range of 400-900 mg/m® The clearance seemed to
decrease, with a disproportionate increase in AUC. These
results were in agreement with those obtained in other phase
I trials with Caucasian patients.*® This non-linearity was
prominent at higher dose levels and is.likely to be a complex
consequence of saturation of metabolism, protein binding
and distribution of E7070.9 The absolute values of nadirs
and the decrease ratios of WBC, neutrophil and platelet
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counts were apparently correlated with the AUC of E7070. In
vitro experiments have shown that E7070 has the potential to
inhibit CYP2C9 and CYP2C19, suggesting that these CYP
may be involved in the metabolism of E7070." In fact, other
in vitro experiments have shown that CYP2C9 and CYP2C19
are responsible for the metabolism of E7070 (unpublished
data). Since these CYP show genetic polymorphism, there is
a possibility that subjects with one or more mutant alleles of
these CYP have decreased clearance for any compound that
is mainly metabolized by these polymorphic CYP. Therefore,
we were prompted to investigate the relationship of the phar-
macokinetics of E7070 with CYP2C9 and CYP2C19 geno-
type in this trial. At a dose level of 600 mg/m? or more, the
AUC of patients with mutant allele(s) (PM and hetero EM)
of CYP2C19 were higher than those of the patients without
mutant alleles (homo EM). These results imply that the
presence of mutant allele(s) of CYP2C19 may result in a
decrease in the clearance of E7070 (Fig. 3), and support the
involvement of CYP2C19 in the metabolism of E7070, as
suggested from in vino studies. The difference of AUC
between CYP2C19 homo EM and PM was not clear at a dose
of 400 mg/m?. This was probably because metabolic capacity
was less saturated at the low dose of 400 mg/m? compared
with the higher doses, and so intergenotypic differences did
not appear. The influence of the CYP2CS genotype on the
AUC of E7070 was not clarified because only two subjects
had a mutant allele of this gene. The incidence of CYP2C9
PM is known to be less in Asian (< 1%) than in Caucasian
(< 10%) people,!*1® whereas CYP2C19 PM is more frequent
in Asian (20%) than in Caucasian (< 1%) people.!"? Due to
the low frequency of mutation of CYP2C9 in Asian popula-
tions, investigation of the effect of CYP2C9 on the pharma-
cokinetics of E7070 might be difficult in Japanese subjects,
Research on subjects with various racial origins would be
necessary for evaluation of the clinical impact of the CYP2C9
genotype. In any case, becaunse of the small number of subjects
in the present study, further studies should be taken into con-
sideration to assess whether either the CYP2C9 or CYP2C19
genotype is of any clinical significance from the viewpoints
of safety and efficacy of E7070. Urinary excretion of unchanged
E7070, up to 72 h after the start of administration, was only
0.82-2.47% of the administered dose, indicating that renal
clearance plays only a minor role in the elimination of E7070.
Although clinical efficacy (in terms of confirmed partial or
complete responses) of E7070 was not demonsirated in this
study, one patient with liver metastasis from colon cancer had
a reduction in tumor size of < 22.5% and demonstrated stable
disease lasting 5 months. A phase II trial of E7070 as a single
agent in S-fluorouracil-resistant or refractory colorectal cancer
showed limited activity with a 4% response rate,"® and thus
further clinical studies of combination therapy with irinctecan
(CPT-11) are ongoing for the treatment of this tumor type.
In conclusion, the MTD of E7070 administered intrave-
nously in a 1-2 h infusion every 3 weeks was estimated to be
900 mg/m? and the recommended dose for a phase II study is
800 mg/m®. At 800 mg/m? hematological toxicities were
manageable. Gastrointestinal toxicity was the most common
non-hematological toxicity associated with E7070, but was
generally well controlled with premedication. However, this
recommended dose might be influenced by the CYP2CI9
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genotype and possibly by the CYP2C9 genotype as well.
E7070 seems to be an interesting agent with novel cell-cycle-
inhibitory effects. Additional phase I and II studies are cur-
rently ongoing in various tumer types to explore further the
antitumor activity of this drug as a single agent and in com-
bination with other chemotherapeutic agents.
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KEYWORDS Summary

Neuroendocrine Background: The efficacy of chemotherapy in patients with large cell neuroendocrine
carcinoma; ) carcinoma of the tung (LCNEC) remains unclear.

Lung cancer; Methods: Patients with LCNEC who received cisplatin-based chemotherapy were
Chemotheiapy; identified by reviewing 567 autopsied and 2790 surgically resected lung cancer pa-
Cisplatin tients. The clinical characteristics and objective responses to chemotherapy in these

patients were analyzed.

Results: Overall, 20 cases of LCNEC were identified, including stage IlA (n=3), stage
HIB (n=6), stage IV {n=6) and postoperative recurrence (n=3) cases. 5ix patients
had received prior chemotherapy, and 14 were chemo-naive patients. The patients
had received a combination of cisplatin and etoposide (n=9), cisplatin, vindesine
and mitomycin (n=6), cisplatin and vindesine (n=4), or cisplatin alone {(n=1). One
patient showed complete response and nine showed partial response, yielding an
objective response rate of 50%. The response rate did not differ between patients
with the initial diagnosis of SCLC and those with the initial diagnosis of NSCLC,
however, the response rate in chemo-naive patients (64%) was significantly different
from that in previously treated patients (17%).

Conclusions: Our results suggest that the response rate of LCNEC to cisplatin-based
chemotherapy was comparable to that of SCLC.

® 2005 Elsevier Ireland Lid. All rights reserved.
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1. Introduction

Pulmonary neuroendocrine tumors include a spec-
trum of four clinicopathological entities classified
on the basis of the morphological and biological
features: typical carcionoid and atypical carcinoid,
which are tumors of low to intermediate grade ma-
lignancy, and large cell neuroendocrine carcinoma
{LCNEC} and small cell carcinoma (SCLC}, which are
high-grade malignant tumors. Travis et al. proposed
the term LCNEC in 1991 [1], for classifying a type of
poorly differentiated high-grade carcinoma charac-
terized by a neuroendocrine appearance under light
microscopy. LCNEC exhibits more prominent cetlu-
lar pleomorphism and higher mitotic activity than
the atypical carcinoid (AC), and is distinguished
frarm SCLC by the tumor cell size and chromatin
morphology. Although several different terminolo-
gies and classifications have been proposed previ-
ously, and even the present classification of pul-
monary neuroendocrine tumors lacks uniform def-
inition criteria, this class of tumors could become
widely accepted and included in the updated histo-
logical classification of the World Health Organiza-
tion [2].

The clinical features of LCNEC have not yet
been completely ctarified. The prognosis of pa-
tients with surgically resected LCNEC is reported
to be intermediate hetween that of AC and SCLC
[3-5], and the same as that of resected NSCLC,
except that stage | LCNEC has a poorer progno-
sis than stage | non-small cell lung cancer {NSCLC)
[6]. To the best of our knowledge, however, there
are no studies that have examined the role of
chemotherapy for LCNEC and the prognosis of pa-
tients with unresectable LCNEC, even though sev-
eral reports have been published on the associa-
tion between response to chemotherapy and the
neuroendocrine differentiation of NSCLC [7-9].
The appropriate treatment of unresectable LCNEC,
therefore, remains unclear. in the present study,
we attempted to investigate the effectiveness of
chemotherapy with cisplatin-based regimens for
LCNEC in patients with unresectable and recurrent
LCNEC.

2. Materials and methods

Eighty-seven of 2790 patients with primary lung
cancer who underwent tumor resection from 1982
to 1999 at the National Cancer Center Hospital were
found to have tumors with the histological char-
acteristics of LCNEC [6]. Of these, five had re-
ceived cisplatin-based chemotherapy at the time

of recurrence, and were enrolled as subjects of
this study. In addition, 303 of 567 patients who
were autopsied from 1983 to 1997 at the Na-
tional Cancer Center Hospital who had the fol-
lowing histological diagnoses were first selected:
SCLC {n=112}, poorly differentiated adenocarci-
noma (n=99), large cell carcinoma {rn=58), poorly
differentiated squamous cell carcinoma (n=29),
poorly differentiated adenosquamous carcinoma
(n=2), LCNEC (n=2), and carcinoid {n=1). Of
these, 161 had received cisplatin-based chemother-
apy were selected for a pathological review. Fi-
nally, specimens from 17 of thesei61 cases were
found to have histological characteristics consis-
tent with the diagnosis of LCNEC, and were se-
tected as subjects of this study. We focused on
cisplatin, because since the 1980s, cisplatin has
been the only anticancer agent with proven ef-
ficacy against both SCLC and NSCLC [10,11]; we,
therefore, considered that the effectiveness of
chemotherapy for LCNEC could be reasonably eval-
vated if cisplatin were included in the regimen.
Cases which had received adjuvant chemotherapy
without evaluable lesions were excluded from the
analysis.

All the available paraffin-embedded tissue sec-
tions stained with hematoxylin—eosin were re-
viewed. We classified LCNEC according to the
histopathological criteria in the WHO classifica-
tion [2]. Immunohistochemical analysis was per-
formed to confirm the neuroendocrine features
of the tumors. For this purpose, formalin-fixed
paraffin sections were stained for a panel of neu-
roendocrine markers, including chromogranin A
(CGA), synaptophysin {SYN), and neural cell ad-
hesion molecute {NCAM), using standard methods.
The intensity of immunostaining for these mark-
ers was scored as follows: +, when the propor-
tion of stained tumor cells was >50%; +, when
10-50% of tumor cells were stained; and —, when
<10% of tumor cells were stained, as previously de-
scribed [6]. One case included in this study had
the typical histological features of LCNEC, but
no neuroendocrine features as determined by the
immunchistochernical analysis. For specimens ob-
tained after treatment, we routinely confirmed
that the histopathologicat and morphological fea-
tures showed no changes due to treatment as
compared with the pretreatment bicpsy or cyto-
logic specimens. Such cases for which no pretreat-
ment samples were available were excluded from
the study; since it has been reported that his-
tological changes may cccur after treatment in
SCLC [12], we were concerned that misdiagno-
sis might occur if the same were also true for
LCNEC.
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Fig. 1 Case no. 2, 57-year-old man. (A) The turnor cells which are large-sized, polygonal in shape and have a low
nuclear-cytoplasmic ratio, are arranged in organcid nests and trabeculae (H&E stain, x200). Positive staining for neural
cell adhesicn molecule (B}, chromogranin A (C}, and synaptophysin (D) {immunostain, »x400).

Clinical information about the cases was ob-
tained from the medical records. The clinical dis-
ease staging was reassessed according to the lat-
est International Union Against Cancer (UICC) stag-
ing criteria [13]. The response to chemotherapy
and overall survival rate were assessed retrospec-
tively. The objective tumor response was evalu-
ated according to the WHO criteria published in
1979 (WHO, 1979) [14]. The survival time was mea-
sured from the date of start of chemotherapy with a
cisplatin-containing regimen. Survival curves were
drawn using the Kaplan—Meier method [15]. Drug
toxicity could not be assessed as the study was a
retrospective one and records were often incom-
plete.

3. Results

Overall, 22 cases were recognized as having tumors
with histological characteristics consistent with LC-
NEC among the autopsied and surgically resected

cases of primary lung cancer that had received
cisplatin-based chemotherapy and had evaluable
lesions; of these 17 were autopsied cases and
five were surgically resected cases. Two of the
autopsied cases were excluded, because no pre-
treatment pathological or cytological samples were
available. The typical microscopic appearance of
the tumor specimens is shown in Fig. 1A. The speci-
men sources for the prechemotherapy-diagnosis in-
cluded surgically resected specimens (n=5), biopsy
specimens (n=9), and cytology specimens (n=6)}.
The histological and cytological findings in the spec-
imens obtained before chemotherapy were con-
sistent with those in the specimens obtained ai-
ter chemotherapy. We therefore finally enrolled 20
cases in this study. The initial pathologic diagnoses
in these patients were as follows: small cell car-
cinoma (n=10), poorly differentiated adenocarci-
noma {n=6}, large celi carcinoma (n=2), undiffer-
entiated carcinoma (n=1), and poorly differenti-
ated carcinoma (n=1) (Table 1). None of the cases
had been labeled as LCNEC at the time of initial
diagnosis, probably because the concept of LCNEC
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Table 1 Patient characteristics
Characteristics N %
No. of patients 20
Sex
Male 18 90
Female -2 10
Age, median {rang 58 {37—74)
Smoking history
Yes 19 95
Mo 1 5
Perfortmance status-
-2 19 95
»2 1 5
Initiat pathologtcaﬁ d:agno i
Small cell carcmoma B w10 50
Adenocarcinoma’ - 6 30
Large cell carcmoma Z 10
Others S i 10
Clinical stage at the start of chemotherapy
HIA 3 15
HIB 6 30
v . 6 30
Postoperative recur 5 25
Prior treatment -
None : " 10 50
Surgery B 4 20
Radiotherapy .-... ;.- . 2 10
Chemotherapy w1thout CISplatm 6 30

was not completely accepted at our hospital at that
time.

The results of the immunchistochemical staining
are shown in Table 2, and a typical case showing
positive staining is shown in Fig, 1B and D. Of the
20 LCNECs, 19 expressed at least one of the three
general neuroendocrine markers, namely CGA, SYN,
and NCAM. Sixteen of the 20 LCNECs exhibited pos-
itive staining for NCAM, while one showed equivo-
cal staining. Twelve of the 20 LCNECs showed posi-
tive staining for CGA. Thirteen LCNECs showed pos-
itive staining for SYN and three showed equivocal
staining. Only one case was negative for all the
three general neuroendocrine markers, however,
this case exhibited the typical histological features
of LCNEC on light microscopy.

The clinical characteristics of the patients are
summarized in Table 1. The extremely high predom-
inance of men and smokers in this study was com-
parable to the demographic features of our LCNEC
patients treated by surgical resection [6]. Previous
chemotherapy was given in six patients: nedaplatin
in one and cyclophosphamide-based regimen in five

Table 2 Staining'for P
LCNECs :

Case NCAMZ 2 0 CGh SYN

+ o4 4 F

D0 SO U B W -

10
11
12
13
14
15
16
17
18
19
20

NCAM, neural cell adhesmn molecule, CGA chromogranin A;
SYN, synaptophysin; NA not assessed

I I U

patients. The chemotherapy regimens used were as
follows: cisplatin {80 mg/m?, day 1) and etoposide
(100 mg/mZ, days 1-3) (n=9), cisplatin (80 mg/m?,
day 1), vindesine (3 mg/m?, days 1 and 8) and mito-
mycin (8 mg/m?, day 1} (n=6), cisplatin (80 mg/m?,
day 1) and vindesine (3 mg/mZ, days 1 and 8) (n=4),
or cisplatin {100 mg/m?, day 1) alone (n=1). The
median (range) number chemotherapy cycles were
2 (1—6}. Of the 20 patients, one showed CR and
nine showed PR, yielding an overall response rate
of 50% (95% confidence interval, 27.2~72.8%). One
CR and four PRs were observed among the cases
treated with cisplatin and etoposide, two PRs were
found among those treated with cisplatin, vinde-
sine and mitomycin, and three PRs were found
among those treated with cisplatin and vindesine.
Seven patients showed NC, and three showed pro-
gressive disease, While the response rate did not
differ between patients with an initial diagnosis
of SCLC and those patients with an initial diag-
nosis of NSCLC, previous chemotherapy affected
the response to cisplatin: the response rate in
chemo-naive patients was 64%, whereas that in
previously treated patients was 17%. The median
pragression-free survival in the 20 patients was 103
days, median survival was 239 days, 1-year sur-
vival rate was 35%, and 2-year survival rate was
15%.
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4, Discussion

In this extensive review of over 3000 lung cancer pa-
tients, we found considerable difficulty in evaluat-
ing the response of LCNEC to systemic chemother-
apy. The pathological diagnosis of LCNEC was es-
tablished in 87 (3.1%) of 2790 patients treated by
surgical resection. This low incidence of LCNEC in
surgically treated lung cancer patients is compara-
ble to that in other previously published reports:
2.4% (50/2070), 2.9% (22/766), and 3.6% {53/1530)
[16—18]. Of the 87 patients, only five who had re-
ceived cisplatin-based chemotherapy for recurrent
tumor that was evaluable for the response. While
LCNEC is difficult to diagnose prior to the start of
treatment on the basis of the findings in biopsy or
cytological specimens, the architectural neurcen-
docrine features may, more or less, be reflected
in these small samples [19,20]. We, therefore, con-
ducted a review of 567 autopsy cases of lung cancer,
and identified 15 cases of LCNEC who had received
cisplatin-based chemotherapy. We obtained a re-
sponse rate to cisplatin-based chemotherapy of 50%
in these 20 patients with LCNEC, however, the clini-
cal characteristics of patients with medically treat-
able advanced LCNEC would still remain to be clar-
ified, because autopsy is conducted only in highly
selective cases.

Travis et al. suggested that immunohistochem-
ical or electron-microscopic evidence of neuroen-
docrine features were important to diagnose LCNEC
[1]- We assessed the neurcendocrine marker ex-
pression by immunchistochemical staining for CGA,
SYN, and NCAM. Our cases included one that was
negative for all the three neuroendocrine mark-
ers examined, but showed the typical histologi-
cal features of LCNEC, which could be attributable
to technical staining problems. Immunohistochem-
ical staining for neuroendocrine tumors is gener-
ally recognized as only a supplementary diagnostic
tool. In addition, the post-surgical survival rate did
not differ between histologically diagnosed cases
of LCNEC with neuroendocrine differentiation in
marker expression as assessed by immunchisto-
chemical staining and large cell carcinoma with
neurcendocrine morphology where the neuroen-
docrine markers were negative {(data not shown).
Thus, we decided to include the case with negative
staining as LCNEC on the basis of its typical neu-
roendocrine morphology.

To the best of our knowledge, only one study an
the efficacy of chemotherapy in patients with LC-
NEC has been reported previously. In the study, 13
patients with LCNEC received chemotherapy when
relapse was noted after surgical resection, and two
(20%) of 10 evaluable patients showed an objec-

tive response. The evaluable lesion in these pa-
tients, however, was the brain in seven, liver in
two, and bone in one patient {21]. Thus, the ret-
atively low response rate in the report may be due
to the site of the evaluable lesion. In addition,
reports on the correlation between response to
chemotherapy and neuroendocrine differentiation
of NSCLC may be helpful. Graziano et al. reported
that the proportion of NSCLC positive for neuroen-
docrine markers was higher in responders than in
non-responders among 52 NSCLC patients treated
by chemotherapy, and that the result suggested a
correlation between positivity for neurcendocrine
marker expression and the likelihood of response
to chemotherapy [7]. On the other hand, others
have reported the absence of any correlation be-
tween the presence of neuroendocrine differen-
tiation and the response to chemotherapy [8,9].
The neuroendocrine differentiation in NSCLCsin the
aforementioned studies was confirmed only by im-
munohistochemical staining and not on the basis
of the morphological definition of LCNEC. There-
fore, these groups might have potentially included
hetercgeneous subtypes of lung carcinoma, such as
adenocarcinoma or squamous cell carcinoma, with
componenis of neurcendocrine differentiation. The
conflicting conclusions of these studies may, there-
fore, reflect differences in the biological charac-
teristics of the tumors included in the analysis.
Since the definition of LCNEC is based on morpho-
logical criteria as well as positivity for neuroen-
docrine marker expression, LCNEC is may be consid-
ered to be a clinically homogeneous group. There-
fore, our study of LCNEC may endorse the for-
mer reports about the relationship between neu-
roendocrine differentiation and the sensitivity to
chemotherapy. _

Objective response to chemotherapy can be
observed in only 15-30% of NSCLCs, even when
they are treated with regimens containing cis-
platin [10]. In SCLC, however, effective combina-
tion regimens yield objective response rates in the
range of 80—90% [11]. Our study showed an over-
all response rate of LCNEC of 50% to cisplatin-
based chemotherapy, and a response rate of 64% in
chemo-naive patients, which seemed to be higher
than the respense rate of NSCLC to chemotherapy.
Considered together, these resulis suggest that the
chemosensitivity of LCNEC is intermediate between
that of NSCLC and SCLC, although we were un-
able to obtain firm evidence from this retrospec-
tive study, which included only a small cohort of
patients.

Since LCNEC is a relatively rare subtype of lung
cancer, a prospective study is difficult to perform,
and may only be possible as a multicenter study.
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For this purpose, it is an urgent task to establish
diagnostic criteria for LCNEC based on examination
of biopsy or ¢ytologic specimens. Although the his-
tological definition of LCNEC in surgically resected
specimens proposed by Travis et al. s cormmonly ac-
cepted, its diagnostic reproducibility is not satisfac-
tory [22]. It is also difficult to apply the definition to
biopsy specimens, in which artifacts can easily be
produced and detailed examination may be difficult
due to insufficient specimen size. Thus, definitive
diagnostic criteria also applicable to biopsy and cy-
tologic specimens are required.

Our study did not include any cases labeled as
LCNEC at the time of initial diagnosis. One half
of the cases was originally diagnosed as SCLC and
the other half as NSCLC, inctuding poorly differen-
tiated adenocarcinoma and large cell carcinoma.
This was attributed to the fact that the concept
of LCNEC was not clearly defined prior te its being
proposed by Travis et al. [1]. Thus, it is possible
that patients with LCNEC were included in earlier
clinical trials for NSCLC or SCLC. If LCNEC shares
the poor prognosis of NSCLC, the reported results
of chemotherapy for NSCLC may have been worse
in studies in which cases of LCNEC were included.
Similarly, the results of clinical studies of SCLC
to study their objective response to chemotherapy
may also have been worse because of the confound-
ing effects of the inclusion of LCNECs among the
cases.

In conclusion, our results suggest that the re-
sponse rate of LCNEC to cisplatin-based chemother-
apy was comparable to that of SCLC. However,
because of the retrospective nature of this study
and the small sample size, we could not arrive at
any definitive conclusion; we, therefore, propose
to conduct a prospective study in the future aimed
at elucidating the efficacy of chemotherapy for LC-
NEC. To that end, firm diagnostic criteria for LCNEC
need to be established, even when the diagnosis
must be based only on examination of biopsy and
cytology specimens.
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