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Table 1 Patient charactéristigs
Characteristics N %
No. of patients S .20
Sex S
Male o 18 90
Female ' S 2 10
Age, median (range) - 58 (37—74)
Smoking history ST
Yes ST , 19 95
No o 5
Performance status - S
1-2 L9 95
>2 RS 5
Initial pathological diagnosis.
Small cell carcinoma, "~ - 10 50
Adenocarcinoma. .7 6 30
Large cell carcinoma . =+ 2 10
Others T 2 10
Clinical stage at the start of chemiotherapy
HIA ' 3 15
HIB 6 © 30
1\ e 6 30
Postoperative recurrénce ~ .. 5 25
Prior treatment  ~-- o »
None R [ 50
Surgery ' e 4 20
Radiotherapy _ L 2 10
Chemotherapy without:cisplatin 6 30

was not completely accepted at our hospital at that
time.

The results of the immunochistochemical 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 neuroendocrine markers in 20
LCNECs ' :

NCAM CGA SYN

Case

1 + + +

2 + + +

3 + + +

4 + + +

5 + + +

6 + + +

7 - + —

3 + — —
9 - - —
10 — + =+
11 + - — +

12 + + +

13 + + +

14 + +
15 + + +

16 + — NA
17 + — +

18 + — NA
19 + ’ : — +

20 —_ RS +

NCAM, neural cell adhé’siénf;ﬁolchlé; CGA, chromogranin A;
SYN, synaptophysin; NA; hot assésséd:

patients. The chemotherapy regimens used were as
follows: cisplatin (80 mg/m?, day 1) and etoposide
(100mg/m?, 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/m?, days 1 and 8) (n=4),
or cisplatin (100mg/mZ, 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
progression-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 neuroen-
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 neuroendocrine marker ex-
pression by immunohistochemical 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 immunohisto-
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 on
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 rel-

" 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 neuroendocrine
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 neurcendocrine differentiation in NSCLCs in 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
heterogeneous subtypes of lung carcinoma, such as
adenocarcinoma or squamous cell carcinoma, with
components of neuroendocrine 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 response rate of NSCLC to chemotherapy.
Considered together, these results 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 cytologic specimens. Although the his-
tological definition of LCNEC in surgically resected
specimens proposed by Travis et al. is commonly 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, including poorly differen-
tiated adenocarcinoma and large cell carcinoma.
This was attributed to the fact that the concept
of LCNEC was not clearly defined prior to 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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Epidermal Growth Factor Receptor Gene Mutations and
Increased Copy Numbers Predict Gefitinib Sensitivity in
Patients With Recurrent Non-Small-Cell Lung Cancer
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Purpose
To evaluate epidermal growth factor receptor (EGFR) mutations and copy number as predictors

of clinical outcome in patients with non-small-cell lung cancer (NSCLC) receiving gefitinib.

Patients and Methods
Sixty-six patients with NSCLC who experlenced relapse after surgery and received gefitinib

were included. Direct sequencing of exons 18 to 24 of EGFR and exons 18 to 24 of ERBB2
was performed using DNA extracted from surgical specimens. Pyrosequeéncing and quariti-
tative real-time polymerase chain reaction were performed to analyze the allelic pattern arid
copy number of EGFR. .

Results
Thirty-nine patients (69%) had EGFR mutations; 20 patients had deletional mutations in. exon

19, 17 patients had missense mutations (L858R) in exon 21, and two patiénts had missense
mutations (G719S or G719C) in exon 18. No mutations were identified in ERBB2. Response
rate (82% [32 of 39 patients] v 11% [three of 27 patients]; P < .0001), time to progression
(TTP; median, 12.6 v 1.7 months; P < .0001), and overall survival (median, 20.4 v6.9 months;
P = .0001) were significantly better in patients with EGFR mutations than in patiénts with
wild-type EGFR. Increased EGFR copy numbers (= 3/cell) were observed in 29 patients
(44%) and were significantly associated with a higher response rate (72% [21 of 29 patients]
v38% [14 of 37 patients]; P = .005) and a longer TTP (median, 9.4 v 2.6 months; P = .038).
High EGFR copy numbers (= 6/cell) were caused by selective amplification of mutant alleles.

Conclusion
EGFR mutations and increased copy numbers were SIgmﬂcantIy associated with better

clinical outcome in gefitinib-treated NSCLC patients.

J Clin Oncol 23:6829-6837. © 2005 by American Society of Clinical Onco/ogyb

pocket of the EGFR kinase domain and blocks
downstream signaling pathways. Two phase
1I studies, IRESSA Dose Evaluation in Ad-
vanced Lung Cancer 1 and 2 (IDEAL 1 and
2), have demopstrated that gefitinib mono-
therapy'exertsdf an antitumor activity in pa-
- tients with advanced NSCLC who had

The epidermal growth factor receptor (EGFR)
is a receptor tyrosine kinase of the ErbB family
that has been implicated in cell proliferation
and survival and is frequently overexpressed
in many solid tumors, including non-small-

cell lung cancer (NSCLC). Gefitinib (Iressa;
AstraZeneca, Osaka, Japan) is an orally active,
selective EGFR tyrosine kinase inhibitor that
binds to the adenosine triphosphate—binding

previously received platinum-based chemo-
therapy.? Gefitinib was approved in Japan
for the treatment of inopérable or recurrent
NSCLC in July 2002,
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The IDEAL trials and retrospective studies have re-
vealed that women, never sinokers; patients with adenocar-
cinoma, and Japanese patients have higher response rates to
gefitinib."* Among patients with adenocarcinoma, histo-
logic subtypes have been studied; one study showed that
responses were more frequent in patients with bronchi-
oloalveolar carcinoma (BAC) features (38% v 14%; P <
.001),> whereas another study showed that the response rate
was higher in patients with'a papillary-dominant subtype
(76% v 21%; P = .002).

Although no predictive molecular markers had been
identified at the time of approval, somatic mutations in the
kinase domain of EGFR have been subsequently linked to
gefitinib sensitivity. According to three initial reports, 20 of
24 gefitinib-responsive tumors contained EGFR mutations,
whereas 19 nonresponsive tumors did not contain any
mutations.®® The mutations were detected in exons 18 to
21 of EGFR, close to the region coding the adenosine
triphosphate-binding pocket of the kinase domain, and
most of them were observed in two hotspots: in-frame
deletions including amino acids at codons 747 to 749 in
exon 19 and an amino acid substitution at codon 858
(L858R) in exon 21. Analyses of surgically resected NSCLC
tumors revealed that such mutations were more frequent
among women, never smokers, patients with adenocarci-
noma, and Japanese or East Asian patients,”"* consistent
with the known clinical predictors of gefitinib sensitivity.

To evaluate the exact predictive value, we studied con-
secutive patients with recurrent NSCLC who received ge-
fitinib therapy. To insure high-quality genetic analyses of
the archived tissues, we used methdnol-fixed, paraffin-
embedded surgical specimens, which are known to preserve
DNA better than formalin-fixed tissues,'* and performed
laser capture microdissection (LCM).

Recently, some other biomarkers of NSCLC have been
studied. The EGFR and chromosome 7 copy numbers in
NSCLC were assessed using fluorescence in situ hybridiza-
tion (FISH), and more than 3.0 EGER copies per cell (bal-
anced polysomy or gene amplification) were detected in 39
(229%) of 183 patients.'” A correlation between an increased
EGFR copy number and gefitinib sensitivity was also pro-
posed in another study.’® In yet other studies, mutations in
the kinase domain of ERBB2 (HER2), a gene coding another
receptor tyrosine kinase of the ErbB family, were detected in
16 (3.6%) of 445 patients with lung adenocarcinoma.'”>** In
the current study, we also analyzed the EGFR copy number
and the presence of ERBB2 mutations to assess their impact
on clinical outcome.

The expression of EGFR and related proteins has been
more widely studied using immunohistochemistry. Some
studies suggested that high expression of phosphorylated
Akt'®? or low expression of phosphorylated mitogen-
activated protein kinase?>?! was associated with better out-
come in gefitinib-treated patients, but in general, methods,
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criteria, and results were inconsistent among studies. We
thought that protein expression should be analyzed in an-
other exploratory study, and in the current study, we fo-
cused on the genetic analyses.

Patients

After searching the pharmaceutical records of the National
Cancer Center Hospital, 279 patients with NSCLC who had begun
receiving gefitinib monotherapy (250 mg/d) between July 2002
and May 2004 were identified. Seventy-three of these patients had
undergone surgical resection of primary NSCLC at the hospital
and subsequently relapsed. Recurrences were not necessarily con-
firmed pathologically but were diagnosed clinically. Seven patients
were ineligible for inclusion in this study because methanol-fixed
tissues were not available (n = 5) or their informed consent to the
genetic analysis was not obtained (n = 2); consequently, 66 pa-
tients were included.

Genetic Analyses of EGFR and ERBB2

On a protocol approved by the institutional review board of
the National Cancer Center, we performed mutational analyses of
exons 18 to 24 of EGFR and exons 18 to 24 of ERBB2 and analyzed
the EGFR copy number. Methanol-fixed, paraffin-embedded sur-
gical specimens of primary NSCLC were collected retrospectively,
and DNA was extracted from bulk tumor tissue, laser capture
microdissected tumor tissue, and normal lung tissue from each
patient. LCM was performed using a PixCell Il LCM system (Arc-
turus Engineering Inc, Mountain View, CA) according to a previ-
ously described method.* If appropriate, tumor cells were
captured separately from two areas with different histologic sub-
types, such as an area with a BAC subtype and another area with
stromal invasion. Nested polymerase chain reaction (PCR) was
performed to amplify exons 18 through 24 of EGFR using previ-
ously described primers,® and standard PCR was used to amplify
exons 18 through 24 of ERBB2. Direct sequencing of the PCR
products was performed using ABI PRISM 3700 and 3100 DNA
Sequencers (Applied Biosystems, Foster City, CA). All sequencing
reactions were performed in both forward and reverse directions,
and single nucleotide substitutions, insertions, and deletions were
detected using an application program named NAMIHEL? Pyro-
sequencing was performed to verify the sequencing data of the
hotspots of EGFR and to assess the proportion of mutant alleles in
the laser-captured tumor cells using a Pyrosequencing PSQ 96MA
(Pyrosequencing, Uppsala, Sweden).”* On the basis of the propor-
tion of mutant alleles, EGFR mutations were divided into two
patterns: balanced heterozygous (BH) pattern (< 60%) and
mutant-allele-dominant (MD) pattern (= 60%). The cutoff level
of 60% was decided because if more than 60%, the superiority of
the mutant over the wild-type sequences was obvious on the direct
sequencing chromatograms. Quantitative, real-time, TagMan du-
plex PCR was performed to analyze the EGFR copy number using
an ABI PRISM 7000 Sequence Detection System (Applied Biosys-
tems). The EGFR primers were 5'-GGAGGACCGTCGCTTGGT-3
and 5'-AACACCGCAGCATGTCAAGA-3'; the probe (5'-CACCG-
CGACCTGGCAGCCA-3") was labeled with the reporter dye
6-carboxyfluorescein (FAM). RNaseP was coamplified in the same
reaction mixture as the endogenous reference gene using TagMan
RNaseP Control Reagents (6-carboxyrhodamine [VIC] dye; Applied
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Biosystemns). The average EGFR copy number per cell was calculated
from the differences in the threshold amplification cycles between
EGFR and RNaseP. Peripheral-blood samples obtained from healthy
volunteers were analyzed as normal controls. Decreased, nor-
mal, moderately increased, and highly increased EGFR copy
numbers were defined as less than 1.5, 1.5 to 3.0, 3.0 to 6.0, and
= 6.0 copies per cell, respectively.

Pathologic Evaluation

We reviewed the histologic features of the 66 patients using
hematoxylin and eosin—stained slides of tumor samples. Two
board-certified pathologists (K.T. and Y.M.) who were unaware of
the patients’ outcome and mutational status examined all the
specimens independently; in case of discrepancy, final diagnoses
were established by consensus. Adenocarcinoma was categorized
in two ways. The first categorization was based on the WHO’s
classification of lung tumors,*® which includes four major sub-
types of adenocarcinoma: papillary, acinar, BAC, and solid; the
dominant subtype in the total tumor mass of each case was docu-
mented. The second categorization was based on a report from the
Memorial Sloan-Kettering Cancer Center,* in which adenocarci-
nomas were classified into adenocarcinoma without BAC features
(Ad), adenocarcinoma with BAC features (AwBF), BAC with focal
invasion (BwFI), and pure BAC (PBAC). If two or more tumors
were present in one patient, the diagnosis of the most invasive
tumor in each case was documented.

Radiologic Evaluation

In patients who had measurable lesions, imaging studies were
performed at baseline, approximately 4 weeks after the initiation
of gefitinib treatment, and periodically thereafter throughout the
treatment. One board-certified radiologist (U.T.) who was un-
aware of the patients’ mutational status reviewed the baseline, first
follow-up, and confirmatory imaging studies and classified the
tumor responses into complete response (CR), partial response
(PR), stable disease (SD), and progressive disease (PD) using
standard bidimensional measurements.>’ Responders were de-
fined as patients with CR or PR. In this study, SD was subdivided
into minor response (MR) and no response. MR was defined as a
= 25% decrease in the sum of the products of the perpendicular
diameters of all measurable lesions at any point during gefitinib
treatment. Time to progression (TTP) was defined as the time
from the start of gefitinib administration to confirmed disease
progression or death.

Statistical Analysis .

The associations among mutational status, EGFR copy number,
patient characteristics, and tumor response to gefitinib were assessed
using a x* test. The differences in TTP and overall survival (OS)
according to the patient subgroups were compared using Kaplan-
Meier curves and log-rank tests. Multivariate analyses using logistic
regression models and Cox proportional hazard models were per-
formed to assess the association between the biomarkers and clinical
outcome while adjusting for the baseline patient characteristics. All
analyses were performed using the SPSS statistical package (SPSS
version 11.0 for Windows; SPSS Inc, Chicago, IL).

Patient Characteristics
The patient characteristics are listed in Table 1. All of
the patients were Japanese. The proportions of women

www.jco.org

Table 1. Patient Characteristics

Patients {n = 66}

No. %

Histologic diagnosis
Adenocarcinoma 62 94
Papillary/acinar/BAC/solid 30/18/9/5 45/27/14/8
Ad/AWBF/BwFI/PBAC 15/45/2/0 23/68/3/0
Squarrious cell carcinoma 3 5
Pleomorphic carcinoma 1 2

Prior Chemotherapy regimens

0 37 56
1 : 14 21
=2 15 23

Abbreviations: BAC, bronchioloalveolar carcinoma; Ad, adenocarcinoma
without BAC features; AwBF, adenocarcinoma with BAC features; BwFl,
BAC with focal invasion; PBAC, pure BAC.

*Never smokers were defined as subjects who have never had a
smoking habit, and former smokers were defined as subjects who had
stopped smoking at least 1 year before diagnosis.

TDominant subtype.

(39%), never smokers (47%), and patients with adenocar-
cinoma (94%) in this study were higher than those in a
database of more than 1,000 patients with advanced or
recurrent NSCLC treated at our hospital during the four
most recent years (27%, 27%, and 73%, respectively).
Twenty-two patients (33%) had been included in our phase
11 trial for first-line gefitinib therapy for patients with recur-
rent NSCLC, and the others had been treated with gefitinib
in clinical practice settings. The operations for primary
NSCLC were performed between February 1994 and Au-
gust 2003, and the median time from the operations to the
start of gefitinib was 2.3 years (range, 0.6 to 9.1 years).

Clinical Outcome :

Sixty-four patients had measurable lesions at the start
of gefitinib administration. CR and PR were observed in
two and 32 patients, respectiyely. MR was observed in three
of nine patients with SD. Twenty-one patients had PD,
including six patients who died before the first follow-up
imaging studies. Two patients had only unmeasurable bone
lesions at baseline; one patient showed rapid symptom im-
provement and continued to receive gefitinib therapy with-
out progression for 13.8+ months, whereas the other
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patient developed new lesions and died on day 71. These
patients were included in the analysis as a responder and a
nonresponder, respectively. The overall response rate was
53%. Forty-one patients died, and the median follow-up
time for the 25 survivors was 14.6 months (range, 10.3 to
32.3 months). Eleven patients were still receiving gefitinib
without progression at the time of the analysis. The median
TTP and the median survival time (MST) for all patients
were 5.2 and 16.3 months, r%spectively.

EGFR and ERBB2 Mutations

Forty-three mutations in the EGFR tyrosine kinase do-
main were detected in 39 (59%) of the 66 patients. All the
mutations detected in this study are shown in Table 2.
Twenty patients had deletional mutations in exon 19, and
17 patients had missense mutations (L858R) in exon 21. In
exons 18 and 20, five types of missense mutations were
detected. Two of them (G719S and G719C) occurred at a
codon considered to be a third hotspot.>”?? The others
(L703V, E709K, and S7681) were detected in patients who
also had mutations at the hotspots. Because these mutations
were not detected in the normal lung tissues from the same
patients, they were considered to be somatic mutations. No
somatic mutations were detected in exons 22 to 24, Silent
single nucleotide polymorphisms were identified at nucle-
otides 2361 (G/A; Q787Q), 2370 (G/A; T790T), and 2457
(G/A; V819V) in exon 20, and at nucleotide 2709 (C/T;
T903T) in exon 23, but the association between these poly-
morphisms and the somatic mutations was not observed, In
this study, no mutations and no polymorphisms were de-
tected in exons 18 to 24 of ERBB2.

All 43 mutations were detected in LCM samples, but 11
(26%) of these mutations were not detected in the bulk
tumor samples. In 13 patients, LCM was performed at
separate areas with different histologic subtypes, but no

Table 2. EGFR Mutations Detected in the Present Study

No. of
Patients

Exons Amino Acids Nucleotides

“Agiid

G = Tat 2303 2%

20 768

Abbreviations: £GFR, epidermal growth factor receptor; del, deletion;
ins, insertion.

*A patient with del E746-T751insA.

TA patient with L858R.

+A patient with L858R and a patient with G719C.
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heterogeneity was identified; the same mutations were de-
tected in nine patients, and no mutations were detected in
four patients. Mutational analyses of synchronous dou-
ble lung cancers were performed in two patients; one
patient had a tumor with wild-type EGFR and a more
invasive tumor with L858R + $768I, and the other pa-
tient had a tumor with a 9-bp deletion (del L747-E749)
and a more invasive tumor with a 15-bp deletion (del
BE746-T751insA) + L703V.,

Among the 39 patients with EGFR mutations, the pro-
portion of mutant alleles ranged from 29% to 94%. Nine-
teen patients showed a BH pattern and 20 patients showed
an MD pattern.

EGFR Copy Number

The EGFR copy number in the laser-captured tumor
cells ranged from 1.27 to 31.2 per cell, and increased EGFR
copy numbers (= 3.0 per cell) were observed in 29 patients
(44%). The relation between the copy number and the
proportion of mutant alleles is shown in Figure 1. Increased
copy numbers were observed more frequently in patients
with EGFR mutations than in patients with wild-type EGFR
(56% [22 of 39 patients] v 26% [seven of 27 patients];
P = .014). High copy numbers (= 6.0 per cell) were ob-
served only in patients with an MD pattern of mutations.
The copy number and the proportion of mutant alleles
among patients with EGFR mutations was positively corre-
lated (Spearman correlation coefficient = 0.643; P < .001),
implying that the mutant alleles were selectively amplified
in patients with an MD pattern. One patient with an MD
pattern had a tumor with only approximately one copy per
cell, indicating a hemizygous mutation with a loss of wild-
type allele. No alterations in the gene copy number were
observed in normal lung tissues.

30.0 No. of Patients =
Copy No. WT BH MD Total . ]
9 .
% 1530 20 15 1 36 .
a <15 0 0 1 1 -
o]
Z Total 27 19 20 66 .
2y
Q o
g = Responders N
é = Nonresponders
6.0 - T
Bg » " &
i — p e w —
0
! 20 60 100
WT BH MD
Proportion of Mutant Alleles (%)

Fig 1. Relation between the epidermal growth factor receptor (EGFR) copy
number and the proportion of mutant alleles. WT, patients with wild-type EGFR:
BH, patients with a balanced heterozygous pattern of EGFR mutations; MD,
patients with a mutant-allele-dorinant pattern of £GFR mutations.
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EGFR Mutations, EGFR Copy Number, and
Clinical Outcome
The tumor responses to gefitinib according to the mu-
tational status of EGFR are shown in Table 3. The response
rates of patients with mutant and wild-type EGFR were 82%
and 11%, respectively (P << 1077). Seven patients with
EGEFR mutations were nonresponders; three patients had
PD at 0.3 (early death), 2.3, and 2.3 months, and four
patients had SD. Three of the four patients with SD had MR
(TTP, 2.5, 5.2, and 6.9 months), and the other patient
continued to receive gefitinib therapy without progression
for 24.2 months, whereas all SD tumors with wild-type
EGEFR progressed within 5 months without MR. Mean-
while, three patients with wild-type EGFR exhibited PR, and
two of these patients were still receiving gefitinib therapy with-
out progression at 10.9+ and 21.1+ months. The Kaplan-
Meier plots of TTP and OS according to the presence of the
EGEFR mutations are shown in Figures 2 and 3, respectively.
Patients with EGFR mutations had a significantly longer TTP
and OS compared with those with wild-type EGFR.
Univariate analyses were performed to assess the cor-

relations among patient characteristics, EGFR mutations,

EGEFR copy number, and clinical outcome (Tables 4 and 5). .

The response rates were significantly higher in women,
never/former smokers, and patients with BAC features and

were marginally higher in patients with a papillary- |

dominant subtype. The response rates among these sub-
groups were approximately consistent with the rates of
EGFRmutations. An increased EGER copy number was also

significantly associated with a higher response rate and a

longer TTP.

The results of multivariate analyses among 62 patients
with adenocarcinoma are shown in Table 6. The presence of
EGFR mutations was strongly associated with a higher re-
sponse rate, a longer TTP, and a longer OS. An increased
EGFR copy number was also a significant or marginally
significant predictor of a higher response rate and a longer
TTP. These results did not change substantially if any com-
binations of variables were included in the models.

1.0
1. - Mutant: median TTP, 12.6 months
| T Wild-type: median TTF, 1.7 months
M1
- 084 }L Hazard ratio: 0.19 (85% CI, 0.10 10 0.34)
K=l iy Log-rank P < .0001
2 !
I L
= i
5 1
o 061 1
=1 i
<] \
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£ 0.4 {
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[
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Fig 2. Kaplan-Meier plot of time to progression (TTP) according to epider-
mal growth factor receptor (EGFR) mutation status.

Among patients with wild-type EGER, TTP was signif-
icantly longer in patients with increased EGFR copy num-
bers (median, 3.0 v 1.4 months; log-rank P = ,021), and
both of the two long-term responders had tumors with
moderately increased EGFR copy numbers (3.20 and 3.45/
cell). Among patients with EGFR mutations, TTP and OS
were not significantly different according to the types of
mutations, the presence of additional mutations, the pro-

portion of mutant alleles, or the EGFR copy number (data
not shown).

This study strongly implies that the mutational status of
EGER is a major determinant of gefitinib sensitivity in pa-
tients with NSCLC. The response rate was 82%, the median
TTP was 12.6 months, and the MST was 20.4 months in
gefitinib-treated patients with EGFR-mutant NSCLC.
EGFR mutations might be a good prognostic factor inde-
pendent of treatment, but these remarkable results suggest a

Table 3. EGFR Mutations and Tumor Response to Gefitinib

Responders

Nonresponders

CR PR MR

Responders/Total

Response
PD Patients

Rates (%)

63

“Including a clinical responder without measurable lesions.
Tincluding a patient who had no measurable lesions at baseline.

Abbreviations: EGFR, epidermal growth factor receptor; CR, completé response; PR, partial response; MR, minor response; SD, stable disease without MR;
PD, progressive disease; DEL, deletional mutations in exon 19; G719, G719S, or G719C.
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Fig 3. Kaplan-Meier plot of overall survival according to epidermal growth
factor receptor (EGFR) mutation status. MST, median survival time.

survival benefit from gefitinib therapy in patients with
EGFR mutations. Four of seven nonresponders with EGFR
mutations also scemed to experience some clinical benefits
because they had MR or a long SD (= 6 months). Among
nine patients with SD, MR, or along SD was observed only
in patients with EGFR mutations. Although the sample size
was too small to draw a firm conclusion, this finding sug-
gests that EGFR mutations are also associated with clinical
benefits in SD.

Table 4, FGFR Mutations Among Patient Subgroups
EGFR Mutations

No. of Patients % P
S R 39086 L B
Sex .18
Fernale . 18/26 69

Male 21/40 53

Histoiogic diagyn’ovsis - ' .

Adenocarcinoma 38/62 61
Squamous cell carcinoma 0/3 0]
Pleomorphic carcinoma 171 100

34/47 72
4/15 . 27

Abbreviations: £GFR, epidermal growth factor receptor; BAC, bronchi-
oloalveolar carcinoma.

*Only patients with adenocarcinoma (n = 62).

tComparison between never/former smokers and current smokers.
$Comparison between patients with papillary-dominant adenocarci-
noma and patients with other adenocarcinoma.
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The EGFR mutations detected in this study were con-
centrated in three hotspots, deletions around codons 747 to
749, 1.858R, and G719S (or G719C), similar to the results of
previous reports.®”'? Some genetic variations existed among
these mutations. Together with one of the hotspot muta-
tions, additional missense mutations in exons 18 or 20 were
detected in four patients. Among the 39 patients with EGFR
mutations, an MD pattern was observed in 20 patients.
Because the EGFR copy number in their tumor cells in-
creased as the proportion of mutant alleles increased, this
pattern was assumed to be caused not by homozygous mu-
tations but by the selective amplification of the mutant
alleles. Because one patient had a hemizygous mutation
without amplification, the loss of wild-type alleles was also
thought to be responsible for the pattern. The moderately
increased copy number in patients with a BH pattern or
wild-type EGFR can be explained by EGFR amplification
and/or polysomy of chromosome 7.

Among the patients with EGFR mutations, three pa-
tients had PD and eight of the other 36 patients had tumor
regrowth within 6 months. This suggests the presence of
other factors associated with intrinsic or acquired resistance
to gefitinib. Although any genetic alterations of EGFR-
mutant tumors at the time of primary surgery were not
significantly associated with clinical outcome, that mightbe
because further alterations occurred after the primary sur-
gery or after gefitinib administration. Recently, a secondary
mutation (C — T at nucleotide 2369; T790M) in exon 20
was detected in patients with EGFR-mutant NSCLC who
had tumor regrowth during gefitinib therapy after exhibit-
ing an initial response to the agent; this mutation was
thought to be associated with acquired resistance.”** To
elucidate the determinants and the mechanism of resistance
to gefitinib, genetic analyses of tumor samples obtained
after gefitinib treatment are needed.

In this study, three (11%) of the 27 patients with wild-
type EGFR responded to gefitinib. Various explanations for
this result are possible: (1) the mutational analyses of the
responders were false-negative, (2) the EGFR mutations
occurred in their tumors after the primary surgery, (3) the
recurrent tumors originated from a source other than the
analyzed tumor cells, or (4) other determinants of gefitinib
sensitivity were present.

The results of multivariate analyses suggest that the
EGFR copy number is another independent predictor of
gefitinib sensitivity. It is noteworthy that an increased EGFR
copy number was observed in two of the three responders
with wild-type EGER, and was significantly associated with
alonger TTP among patients with wild-type EGFR. Because
patients with EGFR mutations had favorable clinical out-
come regardless of EGFR copy numbers, the impact of
increased copy numbers on EGFR-mutant NSCLC was un-
clear. In the overall population, an increased EGFR copy
number was significantly associated with a higher response
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Table 5. Clinical Outcome Among Patient Subgroups (univariate analyses)

Response Rate

Time to Progression Overall Survival

40 43

Dominant subtype™® ' .070
Papillary
Others

UBAC ‘f‘eétufésf

EGFR co‘py'nﬁmbe} . ' N .005

=30 29 72
<3.0 37 38

Median Median
No. ) % P {months} Log-Rank P {months) Log-Rank P
Totel L o TuTeE B B Rt EUTRIEE R [ X: ST
Sex 033 .35 .30
Female 26 69 6.2 ) 16.5

16.1

7.7 16.4
4.2 16.7

< 0001

038 S =
9.4 16.4
26 16.7

*Only patients with adenocarcinoma (n = 62).

‘Abbreviation: BAC, bronchioloalveolar carcinoma; EGFR, epidermal growth factor receptor.

rate and a longer TTP, but not with a longer OS, which
might be because an increased copy number had an unfa-
vorable impact on prognosis, as suggested by another
study.'® In chronic myeloid leukemia, as well as BCR-ABL
mutations that were structurally corresponding to T790M in
EGFR, an increased BCR-ABL gene copy numbeér was reported
as a determinant of resistance to imatinib, a BCR-ABL tyrosine
kinase inhibitor.?® Therefore, we should consider the possibil-
ity that an increased EGFR copy number is associated with not
only sensitivity but also resistance to gefitinib.

Among adenocarcinomas, the presence of BAC fea-
tures was significantly associated with gefitinib sensitivity
and EGFR mutations, but the BAC component was rela-
tively small in most of the responders. The dominant sub-
type associated with a higher response rate was not BAC but
papillary; both of the two patients with BwFI had PD, and
all three patients with pure papillary adenocarcinoma with-
out BAC features had PR. The association between patho-
logic features and gefitinib sensitivity or EGFR mutations is
also the subject of further investigation.

Table 6. Univariate and Multivariate Analyses of the Association Between Biomarkers and Clinical Outcome in Patients With Lung Adenocarcinoma (n = 62)

Odds Ratios for Response

Hazard Ratios for TTP Hazard Ratios for OS

Univariate Multivariate™

Univariate Multivariate® Univariate

Multivariate*

J

/ ~ . .00 : X 0

EGFR copy number, = 3.0 v<3.0 40 4.6 0.57 0.42 :’ 0.80 0.59
95% Ci 141012 0.84t0 25 0.32101.0 0.21t00.84 0.42101.5 0.26t01.4
P o1 .079 .0650 .014 A9 22

Abbreviations: TTP, time to progression; OS, overall survival; EGFR; epidermal growth factor receptor.

*In the multivariate analyses, age (continuous variable); sex (women v men), smoking history inever/former smokers v current smokers), dominant subtype
(papillary v others), bronchioloalveoler carcinoma features {yes v no), performance status {0 to 1 v 2 to 3), prior chemotherapy {yes v no), EGFR mutations
{yes v no), and FGFR copy number (= 3.0 v < 3.0) were included as factors.

www.jco.org 6835




24

Takano et al

In never/former smokers, both the EGFR mutation
rate and the response rate were significantly higher than
in current smokers. We speculate that EGFR mutations
occur equally throughout the entire population, regard-
less of smoking history, and account for smoking-
unrelated carcinogenesis. Because many other genetic
alterations, like KRAS mutations, occur and induce lung
adenocarcinoma more frequently in smokers, the EGFR
mutation rate seems to bé relatively lower in smokers
with lung adenocarcinoma.

The response rate of 53% and the EGFR mutation rate
of 59% observed in this study were higher than previously
reported rates. These results can partially be attributed to
the fact that the physicians tended to select patients with
characteristics known to be predictive for gefitinib sensitiv-
ity: women, never-smokers, and patients with adenocarci-
noma. Consequently, this cohort was not necessarily
representative of unselected NSCLC populations in Japan.
However, other recent studies have also shown relatively
high frequencies (32% to 55%) of EGFR mutations in Jap-
anese or East Asian patients with lung adenocarcinoma who
underwent surgical resection.””**" The reason why such
somatic mutations occur selectively in East Asian people
remains unknown. Environmental or genetic factors com-
mon among East Asian populations should be investigated
to answer this question.

Recently, no significant survival benefit of gefitinib was
reportedly observed in the initial analysis of the IRESSA
Survival Evaluation in Lung Cancer (ISEL) trial, a phase 111
trial comparing gefitinib monotherapy to a placebo as a
second- or third-line treatment for patients with advanced
NSCLC.?! Because subgroup analyses of the trial suggested
survival benefits in never smokers or Asian patients, the
selection of patients is thought to be crucial when consider-
ing gefitinib treatment. Because the present study showed
that the EGER mutation status is a major determinant of
gefitinib sensitivity, mutational analyses in patients with
advanced NSCLC should be considered before deciding on
a course of treatment.

In this study, we performed LCM and direct sequenc-
ing using methanol-fixed surgical specimens to obtain
high-quality data. If we had analyzed only bulk tumor sam-
ples without LCM, nine of the 39 patients with EGFR mu-

2158, 2003

cancer: A randomized trial. JAMA 290:2149-

tations would have been misjudged as having wild-type
EGFR. Thus such procedures with LCM are presently rec-
ommended for the detection of EGFR mutations. However,
obtaining appropriate tumor samples is often difficult in
patients with advanced NSCLC, and performing LCM and
direct sequencing in all patients is not practical. Thus more
practical methods for detecting the major EGFR mutations
using small tumor samples contaminated with normal tis-
sue should be developed and validated.

Other than EGFR mutations, some candidate predic-
tive biomarkers have been studied. The EGFR copy number
is the leading candidate, and it can also be detected by FISH.
Practicality and accuracy should be assessed comparing
FISH and quantitative real-time PCR. The impact of ERBB2
mutations on clinical outcome remains to be investigated
because we could not detect any mutations in ERBB2 in the
present study. Protein expression analyses by IHC are easier
to perform than the genetic analyses, but their significance
is still controversial, Further studies are required to evaluate
the predictive values of these biomarkers and to determine
whether they are independent predictors of gefitinib sensi-
tivity or surrogate markers of EGFR mutations.

In conclusion, -this study indicates that EGFR muta-
tions and increased copy numbers predict better clinical
outcome in patients with NSCLC treated with gefitinib.
Further research and clinical trials are needed to incorpo-
rate these markers into clinical practice appropriately.
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Phase 1 Clinical Trials in Oncology

To THE epitor: Horstmann et al. (March 3 issue)?
assume that a tumor response is of benefit to sub-
jects in phase 1 oncology trials. This assumption is
notvalid. A complete or partial tumor responseina
phase 1 trial is a surrogate end point, which for most

"agents has not been linked to a clinically meaning-

ful outcome, such as improved survival.?

Informing subjects that they have a 10.6 percent
chance of a tumor response is potentially mislead-
ing unless accompanied by an explicit discussion
of clinical end points and whether any connection
exists between a tumor response and clinical end
points,3 This discussion should include an expla-
nation that a tumor response is not a cure or a life
extender.

Kurzrock and Benjamin’s editorial* serves only
to increase the misrepresentation of phase 1 re-
search.5 It is important to know that phase 1 re-
search is essential for the development of future
treatments. But it is simply misleading to treat an
improvement in the rate of tumor response as an
increase in the likelihood of direct clinical benefit
to subjects.
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1o THE epitor: The article by Horstmann et al. and
the accompanying editorial indicate rates of clinical
benefit higher than those reported in previous meta-
analyses. Horng et al.,1 in a critique of informed
consent in phase 1 oncology trials, decried the fre-
quent lack of an explicit statement that efficacy was
notto be expected. However, in addition to evidence
presented by Horstmann etal., recent phase 1 trials
with established drugs have often resulted in high
response rates. Among nine trials involving patients
with refractory non—small-cell lung cancer that were
presented at the meeting of the American Society of
Clinical Oncology in May 2002, the reported re-
sponse rate was 41 percent (rdnge, 0 to 57 percent)
in 150 patients, with one drug-related death record-
ed. Prior estimates of the risks and benefits of phase
1 oncology trials need updating, and insistence on
not conveying therapeutic intent in the informed-
consent process in all instances is misplaced.
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To THE EbIToR: In their review of 460 phase 1 oncol-
ogy trials sponsored by the Cancer Therapy Evalua-
tion Program between 1991 and 2002, Horstmann
etal. report that the overall toxicity-related death rate
was 0.49 percent, which suggests that these trials
are relatively safe, considering that virtuatly all par-
ticipants have a deadly disease and have exhausted
the conventional treatments.?

We analyzed the data from 363 trials of investi-
gational new drugs, involving 12,395 adults with
solid tumors, that were published between 1976 and
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1993.2 A total of 117 toxicity-related deaths (0.94
percent) and 33 early deaths from unknown causes
(0.27 percent) were noted. In addition, 36 trials were
excluded from the analysis because further clinical
development of the drug was not recommended.
We found that toxicity-related death occurred in 26
0f 1039 patients in these trials (2.5 percent). Thus,
the rate of death due to toxic events varies among
phase 1 oncology trials and may be higher than
suspected.
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1o THE EpiToRr: Kurzrock and Benjamin argue that
clinical benefit is an objective of phase 1'cancer tri-
als, citing my article as an instance of an opposing
“misconception.” The misconception is theirs, as
is evident in authoritative definitions.2:3 Moreover,
in failing to distinguish between what phase 1 trials
are specifically designed to measure (dose~toxicity
profiles) and what is incidental to the design (e.g.,
the possibility of benefit), Kurzrock and Benjamin
ignore the way in which the strictures of protocol
constrain the goals of medicine. This misunder-
standing, known as the “therapeutic misconcep-
tion,”* reinforces the fiction that clinical research
is an extension of clinical care, rather than a funda-
mentally distinet and sometimes contrary enter-
prise. Patients in early cohorts in these trials who
receive, by design, what Kurzrock and Benjamin call
“subtherapeutic” doses are not involved in a trial
that aims to maximize their clinical benefit, Failure
to see this as a conflict between the objectives of
science and those of personal care is the reason
the therapeutic misconception has been called “the
most important threat to the validity of informed
consent to research.”>
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THE AUTHORs REPLY: The letters from Drs. Roth-
schild and King and from Dr. Muggia demonstrate
the complexity of understanding “benefits” in the
context of phase 1 oncology trials. As Drs. Roth-
schild and King suggest, tumor response, the most
common measure of the effect of agents used for
the treatment of cancer, is indeed a surrogate mark-
er. Although tumor response does not necessarily
correlate with clinical benefit, it is predictive of po-
tential benefit, and there is evidence that tumor re-
sponse is associated with symptom relief, improved
quality of life, and increased survival.1-+

We agree that information provided to potential
participants in phase 1 trials should be comprehen-
sive, contextual, and clear about the uncertain or in-
consistent relationship of possible tumor respons-
es to clinically meaningful benefit,

Furthermore, it should be made clear that al-
though some participants in phase 1 trials may ben-
efit clinically, these trials are designed to evaluate
safety, not therapeutic effect. There is a difference
between the possibility of benefit from an interven-
tion in a trial and the intent of the researchers when
designing the trial. In this regard, we disagree with
Dr. Muggia and maintain that consent forms should
not describe the purpose or intent of phase 1 trials
as therapeutic. Nonetheless, we recognize that al-
though institutional review boards, bioethicists, and
others might emphasize the intention of a trial, pro-
spective patients may be more interested in possible
benefits than in whether or not the trial is intended
to be therapeutic. Our data demonstrate that some-
times there is therapeutic benefit, regardless of the
intention of the research.

The statement by Drs. Sekine and Tamura that
“the rate of death due to toxic events varies among
phase 1 oncology trials” is consistentwith the find-
ings of our study. The data they cite emphasize two
important realities that should be considered with
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CORRESPONDENCE

regard to response or toxicity rates in phase 1 trials:
first, different subsets of data have strikingly differ-
ent benefit and toxicity rates, and second, response
and toxicity rates based on published data may be
biased. Their data support the view that the details
of a trial matter in interpreting the data on response
and toxicity. Simply labeling a trial phase 1 is not
sufficiently informatve about risks and benefits;
more specific details about the trial and the inter-
vention are necessary.

Elizabeth Horstmann, B.A.
Ezekiel J. Emanuel, M.D., Ph.D.
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THE EniTor1aLIsTs REpLy: Rothschild and King’s al-
legation that it is “misleading to treat an improve-
ment in the rate of tumor response as an increase in
the likelihood of direct clinical benefit to subjects”
is at variance with our clinical experience and the
oncology literature. Decades ago, Freireich et al.*
established that improvement in survival in leuke-
mia could be attributed directly to the duration of a
response. A response to chemotherapy in random-
ized trials improved the quality of life despite sig-
nificant side effects.2 Differences in benefit between
patients with and those without a response may be
obscured, however, by an inadequate definition of
aresponse. For example, patients with gastrointes-
tinal stromal tumors who were treated with imatinib
mesylate and who had stable disease according to
the criteria of the Response Evaluation Criteria in
Solid Tumors group derived a benefit that was in-
distinguishable from the benefit in those with a par-
tial response.3 Logic dictates that patients with good
performance status and intact organ function—the

eligibility criteria for most phase 1 studies — will
not die of their cancer unless it progresses.

The perception that, in phase 1 studies, drugs
are administered to patients solely to reveal drug
toxicity is incorrect, since the objectives of phase 1
trials specifically include describing the response.
Oncologists refer patients for phase 1 studies be-
cause they determine that participation in those
studies offers their patients, whose disease has pro-
gressed after recognized therapies, their best chance
of benefit. Thus, the primary concern of treating
physicians and patients is efficacy. Miller’s conten-
tion that the scientific restrictions of the protocols
interfere with patient care is partially valid. For in-
stance, some patients who might benefit are ex-
cluded from phase 1 trials by the eligibility criteria.
Low inital doses and small dose increases, result-
ing from excessive caution about patient safety, can
detract from benefit to patients. Nonetheless, as
Horstmann et al. have demonstrated, phase 1 stud-
ies resulted in stable disease or better in up to 44.7
percent of patients, including those treated at the
lower doses.

Increased time before the progression of cancer
benefits patients unless the therapy has serious tox-
ic effects. The worse “toxicity” is most often that
due to progressive disease. We agree with Muggia,
who demonstrates that recent phase 1 trials have
higher response rates than previously reported and
have extraordinarily low death rates. Although par-
ticipants in any study should be informed that pa-
tients who have a response to therapy may not al-
ways benefit, it is misleading to tell patients that
there is no clinical benefit from a response and that
phase 1 trials have no therapeutic aim.
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Randomized Pharmacokinetic and Pharmacodynamic
Study of Docetaxel: Dosing Based on Body-Surface Area
Compared With Individualized Dosing Based on
Cytochrome P450 Activity Estimated Using a Urinary
Metabolite of Exogenous Cortisol

Noboru Yamamoto, Tomohide Taura, Haruyasu Murakani, Tatsu Shimoyama, Hiroshi Nokilara,
Yutaka Ueda, Tkno Sekine, Hideo Kunitoh, Yuichiro Ohe, Tetsuro Koduna, Mikiko Shimizu,
Kazuto Nishio, Naoki Ishizuka, and Nagahire Suijo

Purpose
Docetaxel is metabolized hy cytochrome P450 (CYP3A4) enzyme, and the area under the

concentration-time curve (AUC) is correlated with neutropenia. We developed a novel method for
estimating the interpatient variability of CYP3A4 activity by the urinary metabolite of exogenous
cortisol (6-beta-hydroxycortisol [6-8-OHF]). This study was designed to assess whether the
application of our method to individualized dosing could decrease pharmacokinetic (PK) and
pharmacodynamic (PD) variability compared with body-surface area (BSA) ~based dosing.

Patients and Methods

Fifty-nine patients with advanced non-small-cell lung cancer were randomly assigned to sither
the BSA-based arm or individualized arm. In the BSA-based arm, 60 mg/m? of docetaxel was
administered. In the individualized arm, individualized doses of docetaxel were calculated from the
estimated clearance (estimated clearance = 31.177 + [7.655 x 10™* X total 6-3-0HF] — [4.02 x
alpha-1 acid glycoprotein] — 10.172 X AST] — [0.125 x age]) and the target AUC of 2.66 mg/L - h.

Results
In the individualized arm, individualized doses of docetaxel ranged from 37.4 to 76.4 mg/m?

{mean, 58.1 mg/m?). The mean AUC and standard deviation (SD) were 2.71 (range, 2.02 to
3.40mg/L - h}and 0.40 mg/L hinthe BSA-based arm, and 2.64 (range, 2.15 10 3.07 mg/L - h)
and 0.22 mg/L. - h in the individualized arm, respectively. The SD of the AUC was significantly
smaller in the individualized arm than in the BSA-based arm (P < .01). The percentage
decrease in absolute neutrophil count (ANC) averaged 87.1% (range, 59 0 to 97.7%; SD, 8.7)
in the BSA-based arm, and 87.4% (range, 78.0 to 97 2%; SD, 6.1} in the individualized arm,
suggesting that the interpatient variability in percent decrease in ANC was slightly smaller in
the individualized arm.

Conclusion
The individualized dosing method based on the total amount of urinary 8-8-QHF after cortisol

administration can decrease PK variability of docetaxel.

J Clin Oncol 23:1061-1069. @ 2005 by American Society of Clinical Oncology

The doses of these cytotoxic drugs are usu-
ally calculated on the basis of body-surface
area (BSA). Although several physiologic
functions are proportional to BSA, systemic

Many cytotoxic drugs have narrow thera-
peutic windows despite having a large inter-

patient pharmacokinetic {(PK) variability. ©  exposure to a drugis only partially related to
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this par ameter.* Consequently, a large interpatient PK
variability is seen when doses are based on BSA. This large
interpatient PK varjability can result in undertreatment
with inappropriate therapeutic effects in some patients, or
in overtreatment with unacceptable severe toxicities in oth-
ers. Understanding interpatient PK variability is important
for optimizing anticancer treatments. Factors that affect PK
variability include drug absorption, metabolism, and excre-
tion. Among these factors, drug metabolism is regarded as a
major factor causing PK variability. Unfortunately, how-
ever, no simple and practical method for estimating the
interpatient variability of drug metabolism is available. If
drug metabolism in each patient could be predicted, indi-
vidualized dosing could be performed to optimize drug
exposure while minimizing unacceptable toxicity.

Docetaxel is a cytotoxic agent that promotes microtu-
bule assembly and inhibits depolymerization to free tubu-
lin, resulting in the blockage of the M phase of the cell
cycle.” Docetaxel has shown promising activity against sev-
eral malignancies, including non-small-cell lung cancer,
and is metqbollzed by hepatic CYP3A4 enzyme.” i

Human CYP3A4 is a major cytochrome P450 enzyme
that is present abundantly in human liver microsomes and is
invalved in the metabolism of a large number of drugs, includ-
ing anticancer drugs.’®'® This enzyme exhibits a remarkable
interpatient variation in activity as high as 20-fold, which ac-
counts for the large interpatient differences in the dlsposmon

of drugs that are metabolized by this enzyme.'”#? Several
noninvasive in vivo probes for estimating s the interpatient vari-
ability of CYP3A4 activity have been reported and include the
erythromycin breath test, the urinary dapsone recovery test,
measurement of midazolam clearance (CL), and measure-
ment of the ratio of endogenous urinary 6-beta-hydroxycortisol
(6-B-OHF)} to free-cortisol (FC).***” The erythromycin
breath test and the measurement of midazolam CL are the best
validated, and both have been shown to predict docetaxel CL
in patients.”* However, neither probe has been used in a
prospective study to validate the correlations observed, or to
test their utility in guiding individuatized dosing.

We developed a novel method for estimating theinter-
patient variability of CYP3A4 activity by urinary metabolite
of exogenaus cortisol. The total amount of 24-hour urinary
6-p-OHF after cortisol administration (total 6-8-OHF).is
significantly correlated with docetaxel CL, which is metab-
olized by the CYP3A4 enzyme. We also illustrate the possi-
bility that individualized dosing to optimize drug exposure
and decrease interpatient PIC variability could be performed
using this method.™

We conducted a prospective, randomized PK and
pharmacodynamic (PD) study of docetaxel comparing
BSA-based dosing and individualized dosing based on the
interpatient variability of CYP3A4 activity, asestimated by a
urinary metabolite of exogenous cortisol. The objective of
this study was to assess whether the application of our
method to individualized dosing could decrease PK and PD
variability of docetaxel compared with BSA-based dosing.

1062

Patient Selection )

Patients with histologically or cytologically documented ad-
vanced or metastatic non- small-cell lung cancer were eligible for
this study. Other eligibility criteria included the following: age
= 20 years; Bastern Cooperative Oncology Group performance
status of 0, 1, or 2; 4 weeks of rest since any previous anticancer
therapy; and adequate bone marrow (absolute neutrophil count

[ANC] = 2,000/uL and platelet count = 100,000/ L), renal (se-
run creatinine level = 1.5 mg/dL), aml hepatic (serum total
bilirubin level = 1.5 ing/dL, AST level = 150 U/L, and ALT level
= 150 U/L) function. Writlen informed consent was obtained
from all patients before enrolliment onto the study.

The exclusion criteria included the following: pregnancy or
lactation; concomitant radiotherapy for primary or metastatic
sites; concomitant chemotherapy with any other anticancer
agents; lreatment with steroids 01 any other drugs known to
induce or inhibit CYP3A4 enzyme'?; serious pre-existing medical
conditions, such as uncontrolled infections, severe heart disease,
diabetes, or pleural or pericardial effusions requiring drainage;
and a known history of hypersensitivity (o polysorbate 80. This
study was approved by the institutional review board of the Na-
tional Cancer Center.

Pretreatment and Follow-Up Evaluation

On enrollment onto the study, a history and physical exam-
ination were performed, and a complete differential blood cell
count {including WBC count, ANC, hemoglobin, and platclets),
and a clinical chemistry analysis (including serum total protein,
albumin [ALB], bilirubin, creatinine, AST, ALT, gamma-
glutamyltransferase, alkaline phosphatase [ALP], and alpha-1 acid
glycoprotein [AAG]) were performed. Blood cell counts and a
chemistry analysis except for AAG were performed at least (wice a
week throughout the study. Tumor measurements were performed
every two cycles, and antitumor response was assessed by WHO
standard response criteria. Toxicity was evaluated according to the
National Cancer Institute Common Toxicity Criteria {version 2.0).

Study Design

This study was designed to assess whether the application of
our method to individualized dosing could decrease 'K and PD
variability compared with BSA-based dosing. The primary end
point was PK variability and the secondary end point was PD
variability (ie, toxicity). In our previous study involving 29 pa-
tients who received 60 mg/m® of docetaxel, the area under the
concentration-time curve (AUC) was calculated to be 2.66 = 0.91
(mean = standard deviation [SD]) mg/L - h.™ We assumed tha
the variability of AUC, represented by the SD, could be reduced by
30% in the individualized arm compared with that in the BSA-
based arm, and that AUC would be normally distributed. The
required sample size was 25 patients per arm to detect this difler-
ence with a two-sided Ftest at « = .05 and a power of 0.914.

Patients were randomly assigned to either the BSA-based ann
or individualized arm (Fig 1). In the BSA-based arm, each patient
received a dose of 60 mg/m* of docetaxel. In the individualized
arm, individualized doses ot docetaxel were calculated from the
estimated docelaxel CLafter cortisol administration and the target
AUC (described in the Docetaxel Administration section).

Cortisol Administration and Urine Collection
In the individualized arm, 300 my of hydroconisone ( Banyu
Pharmaceuticals Co, Tokyo, JTapan) was dilated in 100 mL ol 0.9%

e pmovl b Csboa O ooy
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Randomized PK and PD Study of Docetaxel

| Study registration (n=59) ]

”

l Randomization (n=59) j

4

BSA-based-arm (n=30) I

l Individualized-arm (n=29) ]

I Cortisol administration (n=29) ]

. Measure urinary
total 6-beta-OHF (24hrs) (n=29)

Estimate docetaxel CL (n=29) ]

Fig 1. Study flow diagram and adminis-

tered dose of docetaxel. PK, pharracoki-

Calculate individualized-dose by target AUC

Docetaxel administration (n=29)

netic; AUC, area under the concentration-
time curve; CL, clearance; 6-p-OHF,
6-beta-hydroxycortisal.

Docetaxel administration (n=30)
(60 mg/m?)

30 40 50

60 70 80

Administercd dose of docetaxel (mg/mz)

PK sampling (n=30)

| PK sampling (n=29) |

saline and administered intravenously for 30 minules al 9 aM on

day 1 in all patients (o estimale the interpatient variability of

CYP3A4 activity. After cortisol administration, the urine was cof-
fected for 24 hours. The total volume of the 24-hourcollection was
recorded, and a 5-ml aliquot was analyzed immediately.

Docetaxel Administration

Docetaxel (Taxotere; Aventis Pharm Ltd, Tokyo, Japan) was
obtained commercially as a concentrated sterile solution contain-
ing 80 mg of the drug in 2 mb of polysorbate 80. In the BSA-based
arm, a dose of 61y mg/m? of docetaxel was diluted in 250 mL ol 5%
glucose or 0.9% saline and administered by 1-hour intravenous
infusion at Y am 1o all patients.

WYL

In the individualized arm, individualized dose of docetaxel
was calculated from the estimated CLand the target AUC ol 2.66
mg/L - husing the following equations:

Lstimated CL (L/h/m#) + 31.177 1 (7.655 X 1071

X total-6-B-O1F {pg/d]) - (4.02 X AAG [p/l)) (0,172

X ASTIULD (0,125 X age [years]) ™
Individualized dose of docetaxel (mg/m*)
estimated docetaxel CL (1/h/m?)

X Largel AV (2,660 mg/l - h)
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At least 2 days atter cortisol adininistration, individualized doses
of docetaxel were diluted in 250 mL ol 5% glucose or 0.9% saline
and administered by 1-hour intravenous infusion at 9 am to each
patient. The doses of docetaxel in subsequent cycles of treatment
were unchanged, and no prophylactic premedication to protect
against docetaxel-related hypersensitivity reactions was adminis-
Lered in either of the {reatment arms.

PK Study

Blood samples for PK studies were obtained from all of the
patients during the initial treatment cycle. An indwelling cannula
was inserted in the arm opposite that used for the drug infusion,
and blood samples were collected into heparinized tubes. Blood
samples were collected before the infusion; 30 minutes afler the
start of the infusion; at the end of the infusion; and 15, 30, and 60
minutes and 3, 5,9, and 24 hours after the end of the infusion. Al
blood samples were centriftiged inumediately at 4,000 rpm for 10
minutes, after which the plasma was removed and the samples
were placed in polypropylene tubes, labeled, and stored at —20°C
or colder until analysis.

PK paramelers were estimnated by the nonlinear least squares
regression analysis method (WinNonlin, Version 1.5; Bellkey Sci-
ence Inc, Chiba, Japan) with a weighting factor of 1 per year.”
Individual plasina concentration-time data were fitted to two- and
three-compartment PK models using a zero-order infusion input

and first-order elimination. The maodel was chosen on the basis of

Akaike’s information criteria.> The peak plasma concentration

(Coax) Was generated directly from the experimental data. AUC
was extrapolated to infinity and determined based on the best-
fitled curve; this measurement was then used to calculate the
absolute CL (L/li), defined as the ratio of the delivered dosage (in
milligrams} and AUC.

To assess PID effect of docetaxel, the percentage decrease in
ANC was calculated according (o the following formula: % de-
crease in ANC = (pretreatment ANC — nadir ANC)/(prelreat-
ment ANC) X 100,

Measurements

The concentration of urinary 6-$-OHT was measured by
reversed phase high-performance liquid chromatography with
UV absorbance detection according to previously published
methods, "0

Docetaxel concentrations in plasma were also measured by
solid-phase extraction and reversed phase high-performance lig-
uid chromatography with UV detection according (o the previ-
ously published method.™ ™ The detection limit corresponded (o
a concentration of 10 ng/ml..

Statistical Analysis

Fisher’s exact test or 3 lest was used to compare categoric
data, and Students 1 test was used Tor continuous variables. The
strength of the relationship between the estimated docetaxel CL
and the observed docetaxel CI was assessed by leasl squares linear
regression analysis. The interpatient variability of AUC lor cach
arm was evaluated by determining the SD and was compared by F
test. Biases, or the mean AUC vahue in each arm minus the target
AUC (2,66 mg/l - ), were also compared between the arms by
Student’s 1 test.

A two-sided P ovalue of == .05 or less was considered 1o

“indicate statistical significance. Al statistical analyses were per-

formed using SAS software version 8.02 {SAS Institute, Cary, NC).
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Patient Characteristics

Between October 1999 and May 2001, 59 patients were
enrolled onto the study and randomly assigned to either
the BSA-based arm (n = 30) or the individualized arm
(n = 29). All 59 patients were assessable for PK and PD
analyses. The pretreatment characteristics of the 59 patients
are listed in Table 1. The baseline characteristics were well
balanced between the arms except for three laboratory pa-
rameters: ALB, AAG, and ALP. These three parameters were
not included in the eligibility criteria. The majority of pa-
tients (95%) had a performance status of 0 or 1. Twenty
(67%) and 16 (55%) patients had been treated with
platinum-based chemotherapy in the BSA-based arm and
individualized arm, respectively. Only two patients in the
individualized arm had liver metastasis, and most of the
patients had good hepatic functions.

Individualized Dosing of Docetaxel

In the individualized arm, the totalamount of 24-hour
urinary 6-3-OHF after cortisol administration (total 6-f3-
OHF) was 9,179.6 & 3,057.7 j1g/d (mean % SD), which was
similar to the result of our previous study.™ The estimated
docetaxel CL was 21.9 = 3.5 L/h/m? (mean = SD), and
individualized dose of docetaxel ranged from 37.4 to 76.4
mg/m? (mean, 58.1 mg/m? Fig 1).

PK

Docetaxel PK data were obtained from all 59 patients
during the first cycle of therapy, and PK parameters are
listed in Table 2. Drug levels declined rapidly after infusion
and could be determined to a maximum of 25 hours. The
concentration of docetaxel in plasma was fitted to a biexpo-
nential equation, which was consistent with previous
reports. '™ *¥ The mean alpha and beta half-lives were 9.2
minutes and 5.0 hours in the BSA-based arm and 9.2 min-
utes and 7.4 hours in the individualized arm, respectively.

In the BSA-based arm, docetaxel CL was 22.6 *= 3.4
L/h/m? (mean = SD), and AUC averaged 2.71 mg/L - h
(range, 2.02 to 3.40 mg/L - h). In the individualized arm,
docetaxel CL was 22.1 = 3.4 L/h/m?, and AUC averaged
2.64 mg/L-h (range, 2.15t0 3.07 mg/L - h). The least squares
linear regression analysis showed that the observed do-
cetaxel CL was well estimated in the individualized arm
(+* = 0.821; Fig 2).

The SDs of AUC in the BSA-based arm and in the
individualized arm were 0.40 and 0.22, respectively, and the
ratio of SD in the individualized arm to that in the BSA-
based arm was 0.538 (95% CI, 0.369 to 0.782). The biases
from the target AUC in the BSA-based arm and in the
individualized arm were 0.047 (95% Cl, —0.104 to 0.198)
and —0.019 (95% CI, —0.102 to 0.064), respectively, with
no significnt difference. The interpatient variability of
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