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Table II. Therapeutic regimens ;
‘No. of patients

[+:]

SCLC cisplatin + etoposide

cisplatin + etoposide + TRT i
cisplatin + irinotecan ‘
cisplatin + Irinotecan + etoposide
carboplatin + etoposide

cisplatin + TRT ‘

= WM N

NSCLC  cisplatin + gemcilabine

cisplatin + vinorelbine

cisplatin + vinorelbine + TRT
cisplatin + vindesine + TRT
cisptatin + irinotecan |
cisplatin +TRT

carboplatin + etoposide
carboplatin + pacfitaxel ‘
nedaplatin + irinotecan ‘
paclitaxel + irinotecan

D b ok R = L3N L0~

[

SCLC, small cell lung cancer; NSCLC, non-small calf lung cancer;
TRT, thoracic radiation therapy.

expression, ubiquitin, liver glyceraldehydes 3-
phosphate dehydrogenase, 23-kDa highly basic
protein, 60S ribosomal protein L13A and 40S
ribosomal protein $9. When we analyzed the data for
correlations between gene expression levels and tumor
response to chemotherapy, nine gencs‘ showed the a
significantly different expression in responders to
chemotherapy compared with non-lresponders to
chemotherapy (Table III, p<0.01). Stepwised
multivariate regression analysis revealed that allogenic

inflammatory factor, HLA-DR antigen associated
invariant subunit and MHC class II HLA-DR-beta
precursor were independent chemo-resistant factors
(Table IV, p<0.0001}. Expression levels of the each of
these three genes were significantly elevated in non-
responders compared with responders, and thus these
three independent genes were defined as resistant
genes. Furthermore, the expression levels of one or
more independent resistant genes were elevated
compared to the mean expression level of control
genes expression in ten out of 29 responders and 14 ont
of 18 non-responders, respectively (Table V,
p=0.0039).

When we analyzed the differences in independent
resistant gene expression levels between patients with
SCLC and NSCLC, the expression levels of one or
more independent resistant genes were elevated
compared with the mean expression level of control
genes in five out of 18 SCLC patients and 19 of the 29
NSCLC patients, respectively (Table V, p=0.012).

DISCUSSION

We examined cancer-related gene expressions in
lung cancer samples obtained before chemotherapy
using cDNA microarray screening, and analyzed the
relationship between gene expression levels and
clinical outcome after chemotherapy. We identified
three specific genes whose expression levels were
correlated with the response of the tumor to
chemotherapy. These three resistant genes identified as

Table lil. Genes closely associated with sensitivity in chemotherapy for lung cancer.

Expression of each genes compared to control

Responder Non-responder

Description i Symbel n  mean SD n  mean SD —
allograft inflammatory factor 1 (AIF1); ! u1g713 18 1.67 2113 29 -1017 759  0.0084
ionized calclum-binding adapter molecule 1
lymphocyte antigen ‘ M81141 18  11.39 2637 20 -476 13.85 0.0085
hepatocyte growth factor-like protein;
macrophage-stimulating protein (MSP) M74178 18 1517 2048 23 3.5 8.36 0.0092
HLA-DPB1 precursor; HLA class Il KO1615; M83664; 18  5.17 1699 27 -756 867  0.0078
histocompability antigen SB beta chain i
IgG receptor FC large subunit P51 precursor (FCRN);
neonatal FC receptor; IgG FC fragment receptor Uizzss 8 2850 31.89 17 447 1102 0.0096
transporter alpha chain !
HLA-DR antigen-associated invariant subunit X00497 18 13044 19018 28 -825 57.39 0.0007
MHC class |l HLA-DR-beta .
(DR2-DQW1/DR4 DQW3) precursor M20430 15 2560 31.81 25 11.08 1296 <0.0001
HLA class If histocompatibility antigen alpha KOM71 18 -367 19409 29 -161.86 65.00  0.0002
chain precursor |
vimentin (VIM) X56134; M14144 18 1572 25230 29 -150.83 12675 0.0043

Four housekeeping genes were used as controls for gene expression,
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Table IV. Stepwized multivariate regression analysis on chernotherapeutic response.

Description coefticient SE

allograft inflammatory factor 1 0.014 0.002
HLA-DR antigen-associated invariant subunit -0.001 0.0003
MHC class It HLA-DR-beta {DR2-DQW1/DR4 DQWS) precursor -0.010 0.002

Coefficient; responder 1, non-responder (

Table V. Correlation between resistance gene expression and objective response to chemotherapy.

Cases of elevated gene expression P
w—of independent resistant genes
1to 3 genes 0 gene Total
Pathology SCLC 5 13 18 0.012
NSCLC 19 10 29
Response Responder 10 19 29 0.0039
to chemotherapy Non-responder 14 4 18

Elevated gene expression was defined as higher expression than mean of expressions of 4 house keeping genes.

SCLC, small cell lung cancer; NSCLC, non-small cell lung cancer.

predictive markers of chemotherapy response in the
present study had a role in host immunity. Anticancer
drugs cause rapid and persistent depletion of
lymphocytes, possibly by the direct induction of
apoptosis in mature T and B cells. In vive
chemotherapy induces a significant increase in
lymphocyte apoptosis ex vivo. Chemotherapy-induced
lymphocyte depletion involves distinct mechanisms of
apoptosis induction, such as direct mitochondrial and
caspase-dependent pathways in resting lymphocytes
and p53-dependent pathways in cycling lymphocytes
(13). Furthermore, we have previcusly shown that
responders to chemotherapy demonstrate greater gene-
specific damage in MNC compared with non-
responders (3). These data support the observation that
most of the genes identified as resistant genes in the
present study were involved in host immunity. The
expression level of each resistant gene in our study was
elevated in non-responders, and was expected to
oppose apoptosis induction by anticancer drugs in vivo.
Upon reference to other studies, it was confirmed that
three genes involved in host immunity had some
influence on a patient’s response to treatment.

Some researchers have described an activation of
these immunity-related genes with chemotherapy, such
as interferon (IFN) treatment. One investigation
demonstrated that IFN-treated renal cell carcinoma
(RCC) cells induced HLA-DR expression. A
significant correlation was found between the
expression of an MHC antigen-associated invariant
chain and the degree of lymphocyte infiltration (14). A
previous genetic analysis study has demonstrated that
MHC class 11 genes influence the outcome of chronic

Journal of Experimental Therapeutics and Oncology

C hepatitis treatment with IFN (15). The findings of
this study are not applicable to the treatment of cancer
with chemotherapy; some human cancers such as
melanomas and RCC are also treated with IFN, and the
gene may be implicated in the mechanism of
chemosensitivity of cancer cells. Keratinocyte-bound
HLA-DR antigens were observed after treatment with
IFN in melanomas and RCC (16). The allografi
inflammatory factor-1, which is encoded within the
HLA class I1I genomic region, is a modulator of the
immune response during macrophage activation
(17,18). From these data, it may be suggested that host
immune response is closely related to tumor depression
by anticancer drugs.

Using computational analysis, in the study reported
here, we selected genes likely to be associated with
chemo-resistance, and were able to distinguish SCLC
from NSCLC according to the different biological
natures of the genes. The expression levels of resistant
genes were elevated in about two thirds of NSCLCs,
but not in most of the SCLCs in the present study. The
data indicated that SCLC is highly sensitive to
chemotherapy, while NSCLC is only moderately
sensitive.

We need to undertake prospective evaluations to
determine whether the selected genes in this study are
truly important and potentially useful for predicting
chemoresistance. It is also necessary to determine
whether administration of drugs will result in changes
to the expression levels of the resistant genes we
identified, and if any such changes are related to tumor
response. If the expression level of a gene changes
with treatment, that gene will be the new target of

Vol.4 2004 159

Lyl

i



Oshita et al, ‘

cancer chemotherapy. In this study v-;'e measured the
expression levels of genes in patients treated with
platinum-based chemotherapy. Recently, patients with
NSCLC have been treated with |non-p1atinum
chemotherapy. It is thus also necessary that the
expression levels of our resistant genes can be used to
predict clinical outcome with non-platinum
chemotherapy. Accumulation of these data could
eventually lead to the prescription of "personalized
chemotherapy" with effective anticancer drugs.
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ORIGINAL ARTICLE

Prognostic Impact of Survivin, Cyclin D1, Integrin 81, and
VEGF in Patients With Small Adenocarcinoma of Stage |
Lung Cancer

Fumihiro Oshita, MD,* Hiroyuki Ito, MD,* Mizuki Ikehara, MD,* Naoki Ohgane,}
Nobuyuki Hamanaka, MD,* Haruhiko Nakayama, MD,* Haruhiro Saito, MD,* Kouzo Yamada, MD,*
Kazumasa Noda, MD,* Aki Mitsuda, MD,{ and Yoichi Kameda, MDf

Abstract: The purpose of this study was to investigate the impact of
survivin, eyclin DI, integrin B1, and vascular endethelial growth
factor (VEGF) in tumor on survival of patients with small adeno-
carcinoma of the lung. Seventy-two patients with pathologic stage I
resected tumors <<2 ¢m in diameter were entered into the study.
Each patient underwent curative surgical resection for lung cancer
between July 1992 and November 1999. The resected tumors were
subjected to immunostaining for each gene. Thirty-five, 26, 6, and
16 patients had tamors with >10% survivin-, >20% cyclin DI-,
>10% integrin Bl-, and >10% VEGF-positive cells, respectively.
When the survival of 72 patients was compared according to each
gene expression, the overall survival of patients with positive ex-
pression of survivin, cyclin DI, and integrin Bl was significantly
worse than that of individuals whose tumors had negative expression
of each gene. By multivariate analysis controlling for each gene
expression, no gene expression was an independent marker of poor
prognosis, however, the overall survival of the complex gene ex-
pression (2 or more gene-positive) group (n = 35) was significantly
worse than that of § or 1 gene-positive group (n = 37; log-rank test,
P = 0.0011; Wilcoxon test, P = 0.0011). When the association
between survival and pathologic factors, including lymphatic inva-
sion, vencus invasion, type of bronchioalveolar carcinoma, and
complex gene positive expression was analyzed, only complex
gene-positive expression was found to be a significant independent
factor (hazard ratio = 0.085, P = 0.0299). It can be concluded that
multiple increased expression of oncogene is a poor prognostic
factor in patients with small adenocarcinoma of the lung.

Key Words: oncogene, lung cancer, prognostic factor
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N on—small-cel! lung cancer (NSCLC) is the leading cause
of cancer death in Japan. To improve the prognosis of
lung cancer patients, attempts have been made to develop
tests that will facilitate the early diagnosis and treatment of
lung cancer and thereby decrease the mortality from this
discase. Many chest roentgenogram-negative lung cancers
can be detected on chest computed tomography scans, but a
significant number of patients with early stage disease show
aggressive tumors. Although locoregional control of NSCLC
can be achieved by surgery, more than 70% of relapses in
patients with stage I disease occur at distant sites.! Thus, most
patients with NSCLC must have systemic disease, even at the
earliest stage. Recent efforts at improving the management
and outcome of patients with this discase have been directed
at neoadjuvant and adjuvant chemotherapy to reduce the high
systemic relapse sites.

New therapeutic strategies for NSCLC are required a
better understanding of the cell biology of early stage
NSCLC. Several molecular markers have been evaluated in
association with established histologic and clinical prognostic,
parameters of early stage NSCLC,% and it is suspected that
tumor invasion and metastasis involve complex alterations of
gene expression that may be selective for specific cancer
types. However, none is currently being used in treatment
decision making.

Initiated cancer cells at early stage disease are consid-
ered to acquire other gene alterations in addition to early
genetic alteration, and progress to locally advanced or meta-
static tumors. Many genetic alterations, which relates to cell
proliferation, apoptosis, vascularization, and tumor invasion,
were reported as prognostic factors in resected NSCLC.
However, there is no study showing which gene alterations
mostly influence tumor progression and metastasis in the
early stage of NSCLC. Clarification of the gene alterations
that influence tumor progression from early to advanced stage
in NSCLC is required when considering new therapeutic
strategies for resectable NSCLC.
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Retrospective analysis of the predictive factors
associated with the response and survival benefit
of gefitinib in patients with advanced
non-small-cell lung cancer
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Summary

Background: The purpose of the study was to identify the potential predictive features
associated with the response and survival benefit of gefitinib administration. We have
retrospectively reviewed data of all patients who received a single regimen of gefitinib
in our institution from August 1998 until July 2003.

Methods: Overall 101 patients with non-small-cell lung cancer {NSCLC} who have re-
ceived a single use of gefitinib were analyzed. Potential factors associated with the
response of gefitinib included smoking index, gender histology, performance status
{PS), number of pre-treatments, age and stage. Univariate analysis was performed
for these strata by Fisher’s exact test and multivariate analysis was then performed
using the logistic regression model.

Results: The overall response rate was 19.8%. Univariate analysis revealed that sig-
nificant predlctlve factors were associated with the response for ‘adenocarcinoma’,
*female’, ‘good PS’ (0—1) and 'non-smoker’ categories. Multivariate analysis limited
the predictive factors associated with the response for "female’ (P = 0.0032), 'good
PS’ (P < 0.02) ang 'non-smoker’ (P = 0.0417). In survival analyses, 'female’ (P <
0.005), 'good PS’ (P <« 0.0001), and a low level of the smoking index (P < 0.05} indi-
cated significantly prolonged survival. Response and survival data in elderly patients
were ecuivalent to those in younger patients. Adverse events {(AEs) were generally
mild and were almost always skin reactions and diarrhea. Interstitial lung disease
(ILD) occurred in 4% of the group under observation.

Conclusions: Gefitinib provided clinical benefit for the following factors ‘female’,
'good P3’ and 'non-smoker’. A low smoking index is reported as a novel predictive
prognostic factor following a single regimen of gefitinib.

© 2004 [Zlsevier Ireland Ltd. All rights reserved.

Abbreviations: NSCLC, non-small-cell lung cancer; EGFR, epidermal growth factor receptor; IDEAL-1, Iressa dose evaluated advanced
lung cancer-1; PS, performance status; NCI-CTC, National Cancer Institute-Common Toxicity Criteria; INTACT-1, Iressa NSCLC trial
assessing combination treatment-1; INTACT-2, Iressa NSCLC trial assessing combination treatment-2
*Corresponding author, Tel.; +81 72 366 0221; fax: +81 72 360 5000.
E-mail address: mfukucka@med.kindai.ac.jp (M. Fukuoka).
|
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TABLE 1. Characteristics of Gene Expression and Overall
Survival*

P Value
No. of Patients Log-rank Wilcozon

Survivin Negative 37 0.014 0.014
Positive 35

Cyclin D1 Negative 26 0.04% 0.052
Positive 46 .

Integrin Bl Negative 66 0.021 0.01
Positive 6

VEGF Negative 46 0.68 0.65
Positive 26

Combination 0-1 37 0.0011 0.0011

24 35

*Combination; survivin, cyclin D1, integrin B1, and VEGF wer€ in-
cluded. -
Thirty-seven patients had tumor with positive expression of 0 or | gene
and 35 patients had tumeor with positive expression of 2 to 4 genes.

In an attempt to better understand turnor progression in
NSCLC, expression of survivin, cyclin D1, integrin 81, and
vascular endothelial growth factor (VEGF), which have dif-
ferent mechanisms in tumor-progression, were investigated
prognosis in adenocarcinoma <2 cm in diameter of stage I in
the present study.

PATIENTS AND METHODS

Patients with lung adenocarcinoma <2 cm in diameter
of pathologic stage I, resected between January 1992 and
December 1999, were enrolled in the present study.

The tumor specimens obtained by resection were sub-
Jjected to immunostaining for survivin, cyclin D1, integrin 1,
and VEGF. Formalin-fixed, paraffin-embedded, 5-im-thick
tuimor sections were mounted on charged glass slides, depar-
affinized and rehydrated in a graded alcohol series. Immuno-
histochemical staining was performed using an automated
processor. Details of immunostaining were shown in previous
reports.® ! Each factors immunostaining levels were classi-
fied as positive (>10% of cells stained for survivin, integrin
B1, and VEGF, and >20% of cells stained for cyclin D1) or
negative (=10% of cells stained for survivin, integrin 81, and
VEGF, and =20% of cells stained for cyclin D1).

Two pathologists examined the staining pattemns of
each factor independently, and recorded the percentage of
positive cells in each specimen. At least 20 high-power fields
were chosen randomly and 2000 cells were counted. The ratio
of each gene-positive cell was calculated by dividing the
number of positive cells by the total number of cells, and was
expressed as a percentage.

426

Kaplan-Meier survival curves were constructed and
analyzed for statistical significance by means of the log-rank
and generalized Wilcoxon tests. The influence of each vari-
able on survival was examined by the Cox proportional hazards
model in multivariate regression analyses. Differences at P <
0.05 were considered to be statistically significant.

RESULTS

Seventy-two patients with resected tumors <2 cm in
diameter of pathologic stage I were entered into the study.
There were 29 males and 43 females, with 2 median age of 64
years (range 26—83 years). Each paticnt underwent curative
surgical resection for lung cancer between July 1992 and
November 1999. The resected turnors were subjected to immu-
nostaining for each gene. Thirty-five, 26, 6, and 16 patients had
tumors with >10% survivin-, >20% cyclin D1-, >10% integrin
B1-, and >10% VEGF-positive cells, respectively.

‘When the survival of 72 patients was compared accord-
ing to each gene expression, the overall survival of patients
with positive expression of survivin, cyclin D1, and integrin
B1 was significantly worse than that of individuals whose
tumors had negative expression of each gene (Table 1). We
analyzed how many of the 4 genes expressed positively in
each resected tumor, 9, 28, 24, and 11 patients had tumeors
with positive expression of 0, 1, 2, and 3 genes, respectively.
There were no patients with tumor expressed every 4 genes.

1 fannerw, 1
| t Group A
8 Yen {n=37)
) .
® i
_—h berneeerarrrsnnrasans
.m Group B
e (n=35)
5.4
w
24
O -
i t T T T T T
0 1000 2000 3000 (days)

Survival time after surgery

FIGURE 1. Survival curves according to gene immunostaining,
constructed using the Kaplan-Meier method. Survival after
surgery of patients with 2 or more positive expression of genes
in tumor was worse than that of those with 0 or 1-positive
expression of gene in tumor (log-rank 7 = 0.0011, Wilcoxon
P = 0.0011).

© 2004 Lippincort Williams & Wilkins
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TABLE 2. Multivariate Regression Analysis of Variables in
Predicting Overall Survival

Assigned Hazards

Variable Score Ratio 95% CI P Value
Lymphatic invasion 0.488 0.094-2.549 0.400
Negative 0
Positive 1
Vessel invasion 0493 0.098-2.473  0.390
Negative 0 C
Positive 1
Bronchicalveolar 1.062 0.102-11.053 0.960
carcinoma
yes 0
no 1
Combination of gene 0.087 0.009-0.801 0.031
expression -
Positive 0-1 0
Positive 24 1

By multivariate analysis controlling for each gene expression,
no gene expression was an independent marker of poor
prognosis. When we examined whether the number of posi-
tive gene expression in the tumors influence the prognosis,
the overall survival of oo‘Bon gene expression {2 or more
gene-positive) group (n = 35) was significantly worse than
that of the 0 or 1 gene-positive group (n-= 37; log-rank test,
P = 0.0011; Wilcoxon test, P = 0.0011, Fig. 1 and Table 1).
When the association between survival and pathologic fac-
tors, including lymphatic invasion, venous invasion, type of
bronchicalveolar carcinoma, and complex gene expression
was analyzed, only complex gene expression was found to be
a significant independent factor (hazard ratio = 0.085, P =
0.0299, Table 2). It can be concluded that multiple but not
single increased expression oncogene is a poor prognostic
factor in patients with small adenocarcinoma of the lung.

DISCUSSION

Changes in gene expression are at the basis of many
crucial physiological and pathologic processes. Tumorigene-
sis involves a loss of balance between regulators of cell
proliferation and apoptosis. A previous study showed positive
expression of survivin was a poor prognostic factor in small
adenocarcinomas <2 cm in diameter.!' However, the present
study showed that not only survivin but also cyclin D1 and
integrin B1 were poor prognostic factors. The present study
demonstrated that 49%, 64%, 8%, and 22% of resected
tumners <2 cm in diameter of pathologic stage I showed
positive expression of survivin, cyclin D1, integrin 81, and
VEGF, respectively. Only 9 patients (12.5%) had no expres-
sion of every 4 genes in resected small adenocarcinoma but

© 2004 Lippincott Williams & Wilkins

many others had single or multiple gene expression in this
study. This fact may explain that small adenocarcinoma <2
cm in diameter of pathologic stage 1 is in a transition from
early to advanced stage. After all, multiple regression analy-
sis demonstrated that no gene expression was an independent
marker of poor prognosis, but complex gene expression show
poor proganosis in small adenccarcinoma of the lung.

Lung cancer has a high potential of distant metastasis,
and induction therapy followed by surgery and/or radiother-
apy has become standard therapy for stage II disease.'?
Several gene expression analyzed in the present study is an
important predictive factor for recurrence after curative re;
section in early stage lung cancer. The information obtained
by this analysis is a powerful prognostic discriminator for
patients with stage [ disease and may be useful for decisions
concerning which patients should and should not receive
systemic treatment in addition to surgical resection. Further-
more, new strategies may be also considered with reference
to multiple oncogene expression to improve treatment of
locally advanced NSCLC. Targeted chemotherapy against
positive expressed gene, such as using monoclonal antibod-
ies, may be an ideal approach to treating multiple oncogene
expressed tumors. When adjuvant chemotherapy after surgi-
cal resection is considered, not only single target therapy but
also multitarget therapy such as combination of antiapoptotic,
anticell cycle, antiadhesion and others, should be required,
because multiple gene expressions in resected tumor is a poor
prognostic factor presented in this study.

Lung cancer appears as small nodules in the peripheral
part of the lung, and pathologic or cytologic diagnosis is
essential. Patients suspected of having lung cancer often
undergo fiberscopic examination, with a tumor biopsy exam-
ination or a cytologic approach. When a lesion is inaccessible
to bronchoscopic biopsy, or when the biopsy specimen is
nondiagnostic, a diagnosis of cancer may be possible by
cytologic examination of bronchoalveolar lavage fluid
(BALF). In a previous report, we demonstrated that detection
of the K-ras mutation in BALF cells, by PCR-PIREMA, aids
the diagnosis of lung cancer in patients with small pulmonary
lesions with negative cytologic findings.”* BALF from pa-
tients with small adenocarcinoma may contain survivin, cy-
clinD1, integrin 81, and VEGF, and it is possible that the
gene expressions can be detected as a diagnostic marker.

In conclusion, multiple but not single oncogene expres-
sions in tumor cells is a poor prognostic factor in patients
with small adenocarcinoma of the lung. Detection of the gene
expressions appears to be not only a useful diagnostic marker
but also a potential new target for anticancer therapy for early
stage NSCLC.

ACKNOWLEDGMENTS
This work was supported in part by Grant for Scientific
Research Expenses for Health Labor and Welfare Programs and

427



supiy P Swnliity noowddrf 007 ©

0TY-LIS'S 6661 "$3Y 420unD HifD "suoisa] Arenownnd [ews
ur Ioowed 3unf jo sisouSerp 343 SpIE S[|90 ping adeAe] Je[0oA[EOYIUOIQ

8y

"LLSS—TLES 666661 Sy 4a0uD7) "SWOTIUED Jun| [0 AUs-uou afes
-A}res ol swoomd Jood e yipard Surmers TexwAGdoISIomLIIT Aq pay

Jo uopEInut sel-3 JO UOnod( ‘18 19 Y epewe) ‘| MWON °J ENYsQ gl -epun suoHEmu g ¢5d T8 30 W [ysedel ‘A MO0, ‘1, CI0wIysey ¢
*$99Z-8S9TR1-000T 10040 D 1 (§$680 DLYOH) dnern sanwiado .- "P08T-86LTR1000T
-0 Iaoue) JunT 1adue]) JO JUSWNE] PUR YoIBasay Jof uonezmedig “joougy ut) r 130D Bun| [jeo-J[ews-uon | 93els vl Joyeoipur ansoudosd
uesdomy oy jo Aprys I oseqd v Jeouws Sun| [jeo-fEws-uou ZN e sg g-103danar piow oouney ‘e 19 vIg dwoy ‘Y weloT ‘Y4 ungy
VII1 28 uanoad-Asdorq g siwsned sof uauridar wononpm se nirepdsio ’ ‘L6L—06L
pue SUIGRINUAN T8 312 ‘gMD aurery ‘47 1ws ‘N yfimpuez mep Z1 90007 “S3y L20ur) wyD "EUOUIdIeY Bumy [[33 jrews-uou ] 23e1s Yum
"8 -CE9:6°200Z A2y Jodugy “Tum] 31 Jo sjuaned ul swonno spipard sausd aseusde|jon AT 2d4) pre uusqpey-g
(BIUOUIIEMOTAPE [[BWS UT 10308] ansoudoud Jood e S1 ToISBANY [9550A [IIm Jo vorssadxe eRUSIyIQ e 39 ‘H nseANmy ‘S OUBX ‘SY ISQIOH
PAIRIALIOD UTAIAMS JO BOISsaudXq “[2 18 °A epawey ‘1 BIYSQ ‘W BIegay] *I1 "BE01-PEOIRY'6661 “Bung ovuoy] uuy "1aued Jun] [0 [Tews-uod | s3us
“0L01-$90 ;222002 U} S0ULMSG! puE sisauadordue Joumy, e 1 ‘W EpO ‘A BWOL, ‘A BYQ
*$3Y L30undnuy “1avued Jun] [[20-jrews uy Jojey onsoudold rood € s1 1f .+ "EBPS—BLPSI858661 S2Y 420up)) “mmou
zudsur jo uolssardxa pasealdu] e 1@ Py BIeyay] ‘X EpSWEY “f BSO O] -tores Juny (122 [jews-nou | o3es ut worssardys uisrord Wy jo sowed
€ZI~611:6'2007 "d2Y 020 “BUOU -yrudis pesidojogiedooun) ‘e 15 ‘L ouqoy ‘1 eunfexeN ‘K emeZMIOL ©
-121BJ0UADE [JELUS UI JOJOB] GIMOIS JSEjqOIQy OiSeq PUE IOPE} [uwold 0SE-6CE9661 SUDIA, @ SWeIIy, :owyeg (Sopooup
[EHOyI0pUS Tejnosea Jo uotssaidxy “[e 12 ‘A BpAWrEy ‘I TGSG ‘H oI ‘6 Spou.L04 fo yooquxar saisusyaidwaoy “Spa T8 19 ‘W WD Y epedeury
00S—P6T ELIO6E] 20un) £ 4 "1admed Jum] ‘f Jousty Wl *aseasip 1] pue | 238 jo juaunear], y Srqsury ‘N WnIEA -
J{a2-TIeTS-UOY p3103sar Areurird Ul worssaldxarsao ([ WO4AD) ANDD SIDONIYIIIH
Jo 2oueoyTudis aysoudord ‘v 12 *sd UORISEH ‘T KemySiaH g BYomed '8

‘BE07-CEOT 166661 Isuf LIUDD

[oaRuoy) Jaaue)) Jof A3a1enS Feak-0] aamsusyaxdwio) umay

PON £ IoWwom ug Jaoues 3un] a3uis-A[Jes JO] UONTINW SEI-Y JO an[RA
PUZ 4q pue fareassy Iaoue)) JO UOKOWOIJ S} 0§ UOHEPUNO

onsoudoxd pue suorreordut] ‘[e 30 ‘14 HEW ‘D ITRHSHYD ‘HH UOS[N 'L

$00Z 1NDNY ‘f JBQUINN ‘/Z SWNIOA = ADojosuQ (ool Jo jounof updaLLy v 12 onyso

e —r €002 °d (IYEY) EFWMALMBILY - FH



248

H. Kaneda et al.

1. Introduction

Patients with advanced non-small-cell lung can-
cer (NSCLC) have a poor prognosis with 1-5%
5-year survival rates [1]. A recent meta-analysis
demonstrated that platinum-based combination
chemotherapy is currently considered to be the
most effective treatment for advanced NSCLC, and
these have improved the median survival time (MST)
by 2 months and caused a 10% increase in 1-year
survival rates [2]. As platinum-based chemotherapy
improves survival and quality of life in advanced
NSCLC patients, most patients will receive second
line chemotherapy. With recurrence or progres-
sion, docetaxel has been approved as a second line
chemotherapy treatment due to demonstrated sur-
vival benefit compared with best supportive care
(BSC) or vinorelbine/ifosfamide [3,4]. Currently,
there is no proven effective chemotherapy for pa-
tients previously treated with platinurmn-based and
docetaxel therapies.

The epidermal growth factor receptor (EGFR} is
a promising target for anticancer therapy because
many types of cancer cells express or overexpress
EGFR (including NSCLC, renal cell carcinoma and
breast cancer) [5,6]. EGFR overexpression has been
reported as a poor prognostic factor in many types
of human solid tumors including NSCLC in several
studies [7—9]. Currently, monoclonal antibodies
that bind to the extracellular domain of EGFR and
intracellular tyrosine kinase inhibitors have been
developed [10,11]. Gefitinib is an orally active, se-
lective EGFR tyrosine kinase inhibitor that blocks
signal transduction pathways implicated in the pro-
liferation, angiogenesis, invasion, metastasis and
survival of cancer cells [12,13]. Several phase |
trials demonstrated safety and tolerability of gefi-
tinib in pretreated patients with solid tumors, in
which trials an 11% response rate was seen in 100
patients with heavily pretreated advanced NSCLC
{14]. On the other hand, in Japan, a phase | trial
demonstrated five responders out of a total of 31
patients who alt had adenocarcinoma of the lung
[12]. To confirm anti-tumour activity and the safety
profile of gefitinib, an international phase 1l study
{IDEAL-1) and United States trial (IDEAL-2) were
conducted as a second or third line treatment in
patients with advanced NSCLC [15,16]. Patients
enrolled in these studies were randomized into
two different doses, 250 and 500 mg/day. These
trials demonstrated that toxicity was mild and
showed an encouraging response rate with an RR
of 18.4 and 11.8% of patients in the 250mg arm,
respectively, and an improvement in disease re-
lated symptoms and quality of life were observed.
The IDEAL-1 study has also confirmed that there

were statistically significant differences in efficacy
for 'adenocarcinoma’ and ‘female’ using multi-
variate analysis. Two large randomized phase Ili
studies [17,18], which are standard chemotherapy
(cisptatin/gemcitabine or carboplatin/paclitaxel)
with or without gefitinib, failed to demonstrate
a survival benefit for advanced NSCLC patients
as a first line chemotherapy. Although the results
of the phase lll studies were negative, gefitinib
is still considered a promising molecular targeted
agent as a new generation treatment in patients
with advanced NSCLC. Information on the clinical
prognostic factors following a single regimen of
gefitinib should be helpful in finding which patients
are likely to receive benefit, and in the develop- -
ment of a future treatment. Although the previous
phase Il trial (IDEAL) showed that several predic-
tive factors were associated with the response to
gefitinib, the population was essentially biased to-
wards the young, with good performance status
(PS) and conserved, good organ functions.

In this study, to find factors assoctated with an
objective response and survival benefit of gefitinib,
we retrospectively analysed patients who received
a single regimen of gefitinib at our institute.

2. Methods

All patients with stage B or IV NSCLC, who re-
ceived a single regimen of gefitinib from August
1998 until July 2003 at the Kinki University School
of Medicine, Osaka, were retrospectively reviewed.
We evaluated patients who participated in clinical
trials (phase [ triat, phase |l trial; IDEAL-1), or phase
Il trial for investigating surrogate gene therapy,
and in 53 patients who were administered the drug
after marketing (including elderly or poor perfor-
mance status patients). Patients who received gefi-
tinib as part of a compassionate use program were
excluded. All patients were checked for age, gen-
der, histology, Eastern Cooperative Oncology Group
(ECOG), PS, stage, pre-treatment regimen, number
of prior regimen, and smoking status before treat-
ment of gefitinib. Smoking status was evaluated by
the Brinkmann index; number of cigarettes per day
multiplied by number of years. We analyzed the
response, overall survival rate and the adverse ef-
fects of gefitinib, and investigated predictive fac-
tors associated with response and prognosis. The
response was assessed using physical examination,
biochemical profile, chest X-ray, chest computed
tomography (CT), head CT or magnetic resonance
imaging (MRI) scan, abdominal echo-graphic or ab-
dominal CT scan, bone scinti-graph, bronchoscope,
and was evaluated according to the response eval-
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Retrospective analysis of the predictive factors

uation criteria in solid tumor (RECIST) [19]). The
severity of all the adverse events (AEs) that re-
lated to gefitinib administration was assessed by
the NCPCTC (version 2.0) grading system. The pre-
dictive factors associated with the response that
were analyzed in this study were age, gender,
PS, histology, stage, number of prior regimen and
smoking status. Variables were tested for any pos-
sible relationship with the response to gefitinib,
at first by univariate analysis, and subsequently by
the application of a multivariate model. Response
rates were compared between strata using Fisher’s
exact test. Logistic regression models were used
to explore observed differences and identify base-
line factors that may independently predict for
response rates. The survival curves were estimated
using the Kaplan—Meier method and compared us-
ing the log-rank test. P-values less than 0.05 were
considered significant.

3. Results
3.1. Patient profiles

From August 1998 until July 2003 at our insti-
tute, a total of 105 patients, who were already
cytologically or histologically diagnosed as NSCLC,
were treated by a single regimen of gefitinib.
Patients received gefitinib until disease progres-
sion or intolerable toxicity. Of these, 101 patients
were evaluated as suitable for analysis; four pa-
tients were excluded from analysis because they
received gefitinib as part of a compassionate use
program. As shown in Table 1, the 101 patients
included: 2 patients who received gefitinib at a

Table 1 Patient characteristics
Number of patient
(N =101)
Phase | 7
50mg 2
100 mg 1
225mg 1
400mg 1
525mg 1
700mg 1
Phase i {IDEAL-1) 11
250mg )
500 myg 5
Phase Il {gene expression) 30
{250mg} )
Post marketing (250 mg) 53
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Table 2 Patient characteristics (N = 101)
Number of
" patients
Age (year)
Median (range) § 62 (31-84)
<69 : 74
=70 _ _ 27
Gender o e o
Female - . : 37
Performance status B _
0 _ .15
1 62
2 : R I A
3 L - : 7
Tumor histology
Adenocarcinoma _ 81
Squamous . 18
Large-cell 2
Stage - : ‘
n 18
v - 83
Previous treatment
No treatment 5
Failed 1 previous 53
chemotherapy regimens
Failed 2 previous 34
chemotherapy regimens
Failed 3 previous 9
chemotherapy regimens
Smoking (smoker:never-smeoker) 55:46
Index® 0:1-999:1000 46:32:23

2 Index: number of cigarettes per day muttiplied by
number of years.

once daily dose of 50mg; single patients who each
received 100, 225, 400, 525 and 700mg, respec-
tively; 89 patients who received 250mg; and 5
patients who received 500 mg. In the phase | trial,
we used an intermittent administration schedule
with 14 days continuous dosing followed by 14
days off.

Patient characteristics are shown in Table 2. The
median age was 62 years (ranging from 31-84)
and 74 patients (73.3%) were less than 69 years
old. 63.4% of the patients were male, 76.2% had
performance status (ECOG) 0—1, 80.2% had ade-
nocarcinoma of which 83.2% had stage IV disease.
Fifty-three patients had received one prior reg-
imen, 43 had more than two prior regimens and
only five had previocusly been untreated. 54.5% of
them were smokers, and the non-smokers were
almost all female. This study included patients
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n estimated 75,000 new cases
A‘c;’f lung cancer were diagnosed

in Japan in 2002. Approxi-
mately 15% of these cases were diag-
nosed as small-cell lung cancer
(SCLC), which is strongly associated
with tobacco use, as is non—small-cell
lung cancer (NSCLC). The clinical
characteristics of SCLC tend to be
more aggressive, but also more sensi-
tive to chemotherapy and radiation
therapy than those of NSCLC. Small-
cell lung cancer is usually staged as
either limited disease (LD) or exten-
sive disease (ED).[1]

Pjatinum-based chemotherapy re-
mains the mainstay of treatment regi-
mens for ED-SCLC. In a meta-
analysis of 19 randomized trialscom-
paring a cisplatin-based regimen with
a non-cisplatin-based regimen, pa-
tients randomized to a regimen con-
taining cisplatin had a significantly
higher probability of response and
survival, with no significant increase
in toxicity.[2] Berghmans et al pre-
sented a detailed analysis of the roles
of etoposide and cisplatin in the treat-
ment of SCLC.[3] Between 1980 and
1998, 36 eligible trials were per-
formed. These trials concluded that

One or two copies of this article for per-
sonal or internal use may be made at no charge.
Copies beyond that aumber require that a 9¢
per page per copy fee be paid to the Copyright
Clearance Center, 222 Rosewood Drive, Dan-
vers, MA 01970, Specify ISSN 0890-9091. For
further information, contact the CCC at 508-
750-8400. Write publisher for bulk quantities.

Topoisomerase I
Inhibitors in Small-Cell

Lung Cancer
The Japanese Experience

ABSTRACT

Among patients with lung cancer, approximately 15% have small-
cell lung cancer (SCLC). The clinical characteristics of SCLC tend to
be more aggressive, but also more sensitive to chemotherapy and ra-
diation therapy than those of non-SCLC. Irinotecan (Camptosar) is a
derivative of camptothecin, an inhibitor of the nuclear enzyme
topoisomerase L. Irinotecan has been shown to exhibit excellent antitu-
mor activity against SCLC in monotherapy regimens and in combina-
tion with cisplatin. A phase 111 trial comparing irinotecan and cisplatin
(IP) with etoposide and cisplatin (EP) in patients with previously un-
treated extensive-stage SCLC (ED-SCLC) was conducted. Patients in
the IParm responded significantly better than patients in the EP arm.
In the IP arm, the response rate was 84%, and median overall survival
was 12.8 months. A phase H trial of irinotecan, cisplatin, and etoposide
(IPE) administered weekly (arm A) or every 4 weeks {arm B) for ED-
SCLC (JCOG 9902-DI) was also performed. In arm B, the response
rate was 77% and the median overall survival was 12.9 months. A ran-
domized trial comparing IP with IPE administered every 3 weeks in
patients with previously untreated ED-SCLC is presently being per-
Jormed in Japan.

the use of cisplatin and/or etoposide
offered 2 significant survival advan-
tage to patients with SCLC.
Irinotecan (Camptosar) has been
semisynthesized as a water-soluble
derivative of camptothecin, an inhibi-
tor of nuclear enzyme topoisomerase
I, in an attempt to reduce its toxicity
and to improve its therapeutic effica-
cy.[4-8] In a phase II trial of irinote-
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can for SCLC, the response rate was
47%.[9,10] In preclinical studies,
irinotecan and cisplatin exhibited syn-
ergistic activities. Their toxicity pro-

Financial Disclosure: The authors have no
significant financial interest or other relation-
ship with the manufacturers of any products
or providers of any service mentioned in this
article,
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Ideal process for a surrogate end point

Time

v

Intervention

Cancer —_—

Surrogate
endpoint

True clinical
outcome

Fig. 2. Ideat process for a surrogate end point. A surrogate end point should be evaluated and obtained before the data of true clinical outcome.

It should be a predictor for true clinical outcome,

onstrate that the target effect actually results in a survival
benefit. However, many surrogate end points have failed. The
reasons can be summarized as follows. The surrogate is not in
any of the causal pathways of the disease. There are several
causal pathways of the disease, but molecular-target-based
drugs affect only the pathway mediated through the surrogate.
The surrogate is insensitive to the effect or is not in the path-
way of the intervention’s effect. The intervention has mecha-
nisms of action that are independent of the disease process.
Requirements for target-based therapy are a validated molecu-
lar target, reliable assay to measure expression and activity of
the target or pathway, difference between target expression in
heterogencous tumor cells, potent and specific inhibitor with
good pharmacological properties, and demonstrable target inhi-
bition in human tumors. Valid targets should be expressed,
overexpressed, or mutated in tumor tissues. The target should
be essential to cell proliferation, cell death, or metastatic ability,
and inhibition of the target should result in inhibition of tumor
crowth and spread. Simple correlates do not make a surrogate.
Surrogates c¢an be divided into surrogate-effect end points and
surrogate-benefit end points. Surrogate-effect end points in-
volve various problems, such as reliability of the target in tu-
mors, the reliability of the assay methed, the tissue specificity
of target expression, the extent of heterogeneity, the accessibil-
ity of the ussue, and validation against a clinical benchmark.
Surrogates for epidermal growth factor receptor (EGFR) inhibi-
tion and for anti-angiogenesis are shown in Table 8. Surrogate-
benefit end points are objective tumor response, changes in a
tumor marker, and changes in tumor metabolism on a positoron
emission tomography (PET) scan, and they require validation
by linkage to a definitive clinical end point in a prospective
trial,

6. How can positive data be obtained from phase Ill trials?
Standard approval of a molecular-target-based drug requires
demonstration of a clinical benefit and improvement of the ulti-

1. Saijo N. The molecular biology and signal transduction of epidermal growth

factor receptor. New Dev Lung Cancer 2003; 1: 3-6.

Sekine 1, Saijo N. Growth-stimulting pathways in lung cancer: implications

for targets of therapy. Clin Lung Cancer 200; 2: 299-306.

3. Saijo N, Tamura T, Yamamoto N, Nishio K. New strategies for cancer ther-
apy in 21st century. Cancer Chemother Pharmacol 2001; 48: §102-6.

4, Schilsky RL. Endpoints in cancer ¢linical trials and the drug approval pro-
cess. Clin Cancer Res 2002; 8: 935-8.

5. Stadler WM, Ratain MJ. Development of target based antineoplastic agents.
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Table &.

Surrogates for EGFR inhibition
1) Rash: skin biopsy
2) EGFR amount: phosphorylation state
3) MAP kinase activation
4) AKT activation
5) Induction of p274e!
6) Cell proliferation index
Surrogates for anti-angiogenesis
1) Tumor microvessel density
2) Tumor blood flow (MRY)
3} Tumor metabolism (PET)
4) Turnor apoptosis
5} Circulating endothelial cell apoptosis
6) Circulating VEGF and VEGFR levels

EGFR, epidermal growth factor; MRI], magnetic resonance imaging;
PET, positron emission tomography; VEGF, vascular endthelial growth
factor.

mate outcome, including improvement of survival, relief of
symptoms, or a delay in the onset of symptoms. Appropriate

preclinical and early clinical trials are essential to obtain posi-

tive results in phase 11 trials. Scientific decision-making is re-

quired. Enrichment of the responsive population based on

clinical information and translational research is important. Of

course, good and feasible clinical trial designs should be

adopted. Urgent requirements include the development of a val-

idated test to define the target population and more effective

molecular-target-based drugs to reduce sample size.

Recently a Dana-Farber group reported the identification of
EGFR mutations in stbset of human lung adenocarcinomas and
the association between EGFR mutation and gefitinib sensitiv-
ity.

Screening for such mutations in lung cancers may enrich pa-
tients who will have a response to gefitinib. > 2

Invest New Dvugs 2000; 18: 7-16.

6. Fox E, Curt GA, Balis FM. Clinical trial design for target-based therapy. On-
cologist 2002; 7: 401-9.

7. Gardner SN, Ferandes M. Cytosiatic anticancer drug development, J Exp
Ther Oncol 2004, 4: 9-18.

8. Sajjo N, Tamura T, Nishio K. Problems in the development of target-based
drugs. Cancer Chemother Pharmacol 2000, 46: $43-5.

9. Saijo N, Tamura T, Nishio K. Strategy for the developmeni of novel antican-
cer drugs. Cancer Chemother Pharmacol 2003; 52: 597-10].
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prior chemotherapy, but the results showed the same efficacy as
for docetaxel alone. Randomized controlled trials comparing
paclitaxel and carboplatin with or without LyS00003 have
shown no difference in antitumor effect or median survival, and
the frequency of grade (Gr) 3/4 thrombocytopenia was signifi-
cantly higher in the Ly900003-containing regimen,'® At least
four problems can be pointed out in this example. The molecu-
lar target of Ly900003 is not essential for tumor growth, inva-
sion, or metastasis, the antitumor activity of Ly900003 is
inadequate, the evaluation of the results of the combination
phase I/IT trial is incorrect, and the target populations of the
phase I/II and III trials were different. A trial of oblimersen so-
dium combined with standard combination chemotherapy con-
sisting of etoposide+carboplatin was conducted in patients with
extensive small-cell lung cancer® The appropriate dose of
oblimersen was determined to be 7 mg/kg with etoposide 80
mg/m? and carboplatin area under the curve (AUC)-35. The re-
sponse rate was 86% (12/14), and the median survival time
was 12.5 months. No Bcl2 suppression was observed in periph-
eral blood mononuclear cells. Although the data are not inter-
esting, and the results of proof-of-principle study were
negative, Cancer and Leukemia Group B (CALGRB) initiated a
phase III randomized controlled trial to evaluate the efficacy of
oblimersen sodium against small-cell lung cancer.

The clinical study design and sample size are decided based
on expected differences in antitumor effect between regimens,

the feasibility of the study, and the baseline clinical treatment
effect of the control regimen. Possible reasons for the well-
known negative results of the Iressa NSCLC Trial Assessing
Combination Treatment (INTACT) trial are low response rate
to gefitinib, absence of survival benefit of gefitinib, crossover
use of gefitinib in the control group, and small sample size,?"-22
Table 7 shows the sample sizes required for phase III trials.
Postulating 1-year survival prolongation in responders, no over-
all survival, and 1-year median survival prolongation in non-re-
sponders, and no crossover of treatment regimens, it would be
necessary to accrue 7095x2 patients if the response rate to the
molecular target-based drug were 10%. An astronomical num-
ber of patients would be needed to obtain positive data (Table
7.

5. Role of surrogate end points

Surrogate endpoints are measurements or signs that are used
as substitutes for clinically meaningful end points that direetly
measure how a patient survives and functions.? 2 Changes in a
surrogate end point in response to therapy should reflect
changes in clinical endpoint, Fig. 2 shows the ideal process for
a surrogate end point. Measurement of surrogate effects has
been considered essential in the clinical evaluation of molecu-
lar-target-based drugs, because it seems very important to dem-

Table 7. Sample size for phase Il studies
'fr:clzlse 6. Reasons for poor predinical prectictability of combined ef- RR (%) MST (months) 2-Yea{nzt)1rvival #pts.
1} Molecular target of each drug undetermined 0 12.0 12.2 —
2} in vitro problems 10 12.7 16.0 7095x2
A. Concentration, incubation time, timing, protein binding 20 136 19.8 1670x2
B. Target tumeor 30 143 235 709x2
C. Effect on normal cells 50 16.4 3141 2322
D. End point of combined effect {evaluation method) «=0.05, B=0.20.

3) In vivo problems
A. Dose, timing
B. Target tumor
C. Species specificity {metabolism, protein binding)
D. Endpoint of combined effect

s 1-Year survival prolongation in responders.

* No survival prolongation in non-responders,

* MST: 1 year in non-responders.

* No crossover.

Ishizuka: personal communication. RR, response
survival time.

rate; MST, median

Flow chart of clinical trials of target-based drugs

Phase I study

Dose-finding (RD, PK)

I Go / No-Go Decision J

Major tumor response, Target effect

—

l T

Phase II study Phase 1/11 study Phase Il study
Confirmation of RD, toxicity Feasibility Survival, TTP, QOL
Go / No-Go Go / No-Go
Decision Decision

Response in refractory tumor Target
effect (PET/MRI)

|

{Phase I/1I) or Phase III study

“Better” treatment results
Response, TTP, Survival

}

Phase III study

Fig. 1. Flow chart of ctinical trials of target-based drugs. Target effects are measured for correlation with effect, dese-finding, and monitoring.
RD, recommended dose; PK, pharmacokinetics; TTP, time to progression; QOL, quality of life; PET, positron emission tomography; MRI, magnetic

resonance imaging.
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Table 1. Classification of target-based therapies according to molec-
ular targets

Table 4. Phase It and phase 111> trials of non-specific or tumor-envi-
ronment-specific target-based drugs

1) Inhibitors of growth factors/receptors & signal transduction
Anti-EGFR Ab, Anti-Her-2/Neu Ab, EGFR-TX), ¢-Kit receptor TKI,
Ber-abl-TKI, Farnesyltransferase inhibitors, PKC inhibitors

2) Inhibitors of the cell cycle
Cyclin-dependent kinase (CDK) inhibitor

3) Inhibitors of metastasis & angiogenesis
Anti-VEGF Ab, VEGF inhibitor, MMP inhibitor, Thalidomide,
Angiostatin, Endostatin

Table 2. Requirements of paradigm shifts for new anticancer drug
development

1) Concept and screening

Paradigm shift
Seek and destroy -  Target and control
Random screening —  Target-based screening
against tumers against tumor-specific
molecules
2) PK and surrogate end point
Paradigm shift
7 o Target effect
No paradigm shift
PK - PK
Tumor shrinkage - Tumor shrinkage
Toxicity - Toxicity
3) Primary end point
No paradigm shift
Survival - Survival

Table 3. Results of phase 1l trials of specific-target-based drugs

Agent Tumor Combination Results
Marimastat sac N Negative*
Pancreas N Negative*
Stomach N Negative™
NSCLC Y Negative*
Prinomastat NSCLC Y Negative™
Tanomastat SCLC Y Negative™
SuUs416 Colon Y Negative™
Breast Y Negative*
Avastin Colon Y Positive*
Renal N Positive

SCLC, small cell fung cancer; NSCLC, non-small cell lung cancer; Y, yes
(+: N, no (~).

Table 5. Why have so many phase Iif trials been negative?

1. Poor predictability of preclinical models, especially of
combined effects
2. Target tumor contains no, or a low level of the molecular
target.
Enrichment of the target population is inadequate.
3. The *molecular target” is not essential for the growth,
invasion, or metastasis of the tumor.
4. Molecular-target-based drugs have inadequate antitumor
activity.
5. Clinical decision-making for moving from phase /il to phase
Ikl studies is inappropriate.
6. Clinical study design is inappropriate.
Small sample size
Comparison of 3 drugs vs. 2 drugs

Agent Tumor Combination Results
ZD1839 NSCLC Y Negative
N Too early
051774 - NSCLC Y Negative

N Positive

STI571 cML N Positive

GIST N Positive

Trastsuzumab Breast Y Positive
NSCLC Y Negative

Rituximab NHL Y Positive
Affinitac NSCLC Y Negative

NSCLC, non-small cell lung cancer; CML, chronic myelocytic leukemia;
GIST, gastrointestinal stromal tumor; NHL, non-Hodgkin's lymphoma;
Y, yes (+}; N, no {-}.

explain the negative results for matrix metalloprotease
inhibitors'™ and small molecules against vascular endothelial
growth factor (VEGF) tyrosine kinase.

Another hypothesis is that the target tumor contains no, or
only a low level of the molecular target. The results of the ran-
domized trial of trastsuzumab for the treatment of non-small
cell lung cancer (NSCLC) were completely negative,'® but ex-
pression of Her-2 is very low in NSCLC. This explanation is
also valid for the results of the trial of imatinib against small
cell lung cancer, which expresess only low levels of c-kit.!” En-
richment of the target population with the molecular target is
essential to obtain positive results. These are likely to be the
reasons why the molecular-target-based drugs did not exert ade-
quate antitumor activity.

The majority of molecular-target-based drugs tested in the
clinical trials have been evaluated in combination with cyto-
toxic drugs and other modalities. There are many problems
with predictability in preclinical models, especially in regard to
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combined effects.'®™ The purpose of combination therapy is to
increase the spectrum and intensity of the anticancer effect. The
criteria for the selection of drugs for use in combinations are: 1)
each drug must be independently active against the target tu-
mor, 2) the toxicities of the drugs must not overlap, 3) each
drug can be used at its most appropriate dose and schedule, 4)
the mode of action of each drug is different, and 5) no cumula-
tive toxicity is observed and the regimen can be administered
repeatedly. If an active drug is combined with another active
drug, a synergistic or additive effect is expected. The majority
of molecular-target-based drugs are used as sensitizing drugs,
and a synergistic effect is expected based on biochemical or
molecular biological interactton. The purposes of preclinical
evaluation of combinations are prediction of synergism of ef-
fect and toxicity, demonstration of biochemical modulation,
provision of a raticnale for clinical combination to the
physician/IRB/patient. The conditions required for preclinical
studies of combination chemotherapy are demonstration of a
synergistic/additive antitumor effect in vitre, no increase in in
vitre toxicity against normal ceils, molecular proof-of-principle
study for synergism, demonstration of a synergistic/additive
antitumor effect in vivo, and no increase in in vivo toxicity.
There are many problems in preclinical prediction of combined
effects of anticancer drugs, and the results of preclinical predic-
tion of combined effects have been very poor. Most preclinical
data for combination chemotherapy have been obtained after
the clinical evaluation. In other words, the purpose of preclini-
cal evaluation is confirmation of a combined effect observed
clinically. The reasons for the poor preclinical predictability of
combined effects are shown in Table 6.

Decision-making to proceed from phase I/II to phase Il
studies is quite difficult. For example, a combination of doce-
1axel and Ly900003 has been tried in NSCLC patients after

Cancer Sci | October 2004 | vol.95 | no.10 | 773
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The results of molecular-biological studies of cancer are changing
the way we diagnose and treat cancer. Target-based drug discov-
ery selects agents for development based on their mechanisms of
action. The interaction between target-based drugs and their tar-
gets can be described by classical drug-receptor theory. Clinical
trials have demonstrated that some effective target-based drugs
induce apoptosis, even though they are considered to be cyto-
static. Numerous phase Ill trials of target-based drugs have been
conducted. Although some have yielded strongly positive results,
the majority of the results have been negative. This article seeks
to clarify the value of molecutar-target-based therapy and to dis-
cuss the reasons for negative results in phase I trials. The impor-
tance of proof-of-principle studies is stressed throughout
preclinical and chinical trials of molecular-target-based drugs.
{Cancer Sci 2004; 95; 772-776)

|n an attempt to modulate specific molecular targets in tumor
cells and the tumor environment, the emphasis in anticancer
drug discovery has shifted from an empirical approach charac-
terized by random screening of a variety of natural and syn-
thetic compounds by means of cell-based cytotoxicity assays to
more rational and mechanistic molecular screening,!-9

The concept of molecular-target-based therapy is not new,
because modern therapy of breast cancer and prostate cancer is
in reality target-based therapy. What is new is that we now rec-
ognize that tumor cells contain many targets, and drugs specifi-
cally directed at such targets have been introduced clinically.t-

1. Classification and characteristics of molecular-target-based
drugs

The molecular-target-based drugs that are currently available
can be classified according to mechanism of action into inhibi-
tors of growth factors/receptors and signal transduction, inhibi-
tors of the cell cycle, and inhibitors of metastasis and
angiogenesis, and they can further be classified according to
site of action into two groups: tumor-specific and tumor-envi-
ronment-specific. Based on the formulation of the drug prod-
ucts, they can be classified into small molecules and
macromolecules (Table 1).

Compared with the process of discovery of empirical drugs,
that of molecular-target-based drugs is target-based, and their
mechanism of action is the basis for selection. Many research-
ers consider the pharmacological effect of target-based drugs to
be cytostatic/reversible, as opposed to the cytotoxic/
irreversible effect of cytotoxic drugs; however, all recently ap-
proved antitumor molecular-target-based drugs cause tumor
shrinkage except for avastin. Since the effects of molecular-target-
based drugs are more selective, the drugs are expected to be less
toxic. The clinical data suggest that molecular-target-based drugs
have different spectra of adverse events. They are expected to be
more effective when given continuously at tolerable doses.®-®

772-776 | Cancer Sci | October 2004 | wvol.95 | no. 10

2. End points and strategies of clinical trials

It is generally said that the paradigms for the development of
molecular-target-based drugs should be shifted from empirical
to more scientific. The concept of drugs has shifted from “seek
and destroy” to “target and control,” and screening has shifted
from “random screening against tumors” to ‘“‘target-based
screening against tumor-specific molecules”. It is exiremely
important to evaluate the effect of drugs on their targets phar-
macodynamically, although no proof-of-principle studies are re-
quired for cytotoxic drugs. The paradigms for other
pharmacodynamic effects, such as tumor shrinkage and toxici-
tics, as well as pharmacokinetics have not changed. The pri-
mary end point of clinical trials, “survival,” is the same as for
evaluation of cytotoxic drugs. The major end points for ordi-
nary approval of oncology drugs are survival and response rate
{Table 2).

Only one drug, trastsuzumab, has been approved based on
data showing an incrcase in time-to-progression. However,
trastsuzumab itself causes tumor shrinkage and a survival bene-
fit when combined with other anticancer drugs. The initial clin-
ical study for cytotoxic drugs is a phase I study. Phase II and 1/
II studies follow, and the final conclusive study is a phase HI
study. Phase II studies are sometimes skipped for molecular-tar-
get-based drugs, and the phase ITI study sometimes follows the
phase I study (Fig. 1).

3. Clinical trials of molecular-target-based drugs

Table 3 shows the results of clinical trials of specific-target-
based drugs.

Randomized trials have shown positive results for imatinib,
trastsuzumab, and rituximab.'® ''-'» Imatinib was used as a sin-
gle agent, whereas trastsuzumab and rituximab were evaluated.
as combination therapy. Table 4 shows the results of clinical tri-
als of non-specific or tumor-environment-specific target-based
drugs, which include antiangiogenic and/or antimetastatic
drugs. The results of all of the phase III clinical trials were neg-
ative, except for the trial of avastin for colon cancer.'® Even the
results of the phase IIT trial of avastin for breast cancer were
completely negative. Generally speaking, antibodies and some
small molecules have shown promise. Signal transduction mod-
ulators that act upstream of a growth signal have been found to
show a survival benefit. All of the compounds approved for
commercial sale caused tumor shrinkage when given alone.

4. Reasons for negative phase Hl| trials

Several hypotheses have been proposed to explain the nega-
tive results of phase III trials (Table 5).

One is that the molecular target was not essential for growth,
invasion, or metastasis of the tumor, and this hypothesis may
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TABLE 2. Multivariate Regression Analysis of Variables in
Predicting Overall Survival

95%

Assigned Hazards Confidence P

Variable Score Ratio Interval Value

Gender 0622  0.251-1.541 0305
Male 0
Female 1

Age (y) 0.869  0.527-1431 0.58
=65 0
>65 1

PS (ECOG) 0.710 0.397-1.268 0.247
Oorl 0
2 1

. Clinical stage 0.590  0.346-1.006 0.0524
LD 0
ED 1

Integrin B1/p53* 0394  0.233-0.666 0.0005
Negative 0
Positive 1

*Positive was defined as patients with tumor specimens of high expres-
sion of either integrin 1 or p53, and negative as others. ECOG, Eastern
Cooperative Oncology Group; PS, performance status.

inary evidence that adhesion to ECM proteins is essential in
SCLC cell resistance to chemotherapy.® Cancer cells bound
to the ECM may escape chemotherapy-induced cell death and
then, with subsequent genetic damage, drug-resistant clones
are selected. This is a model to explain not only SCLC
behavior in vivo but also why a partial response and local
recurrence of SCLC are often seen after chemotherapy. One
report has indicated that resistance to chemotherapy induced
by integrin Bl-mediated adhesion to ECM is due to an
increase in the level of PTK activity.” However, it is not
known how integrin-stimulated PTK activation suppresses
the early phase of apoptosis in SCLC cells, R-Ras and
insulinlike growth factor-1, which activate phosphatidylino-
sitol-3 kinase (PI3 K}, cooperatively inhibit caspase-3 acti-
vation, preventing apoptosis of BaF3 cells.!® Activation of
PI3 K by integrins protects epithelial cells from detachment-
induced apoptosis.!” Thus, integrin-stimulated PI3 K activa-
tion may impinge on the nuclear response to DNA-damaging
agents,

Activation of intracellular signals includes tyrosine
phosphorylation of focal adhesion kinase (FAK), which binds
to the integrin B1 cytoplasmic domain and is one of the
molecules that coclusters with 81 integrins aggregated by
noninhibitory antiintegrin antibodies.!®=2® FAK is also re-
ported to suppress a p53-dependent pathway activated by
protein kinase C and cytosolic phospholipase A2, and it
inhibits apoptosis under serum-starved conditions.?! From
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these data, integrin 81 and p53 are considered to be part of
the same signal pathway that induces cells in apoptosis. In
support of a role for p53 in the cytotoxic mechanism of
cisplatin, several studies of ovarian carcinoma cell lines have
demonstrated that disruption of p53 function conferred drug
resistance.?2~2* Our data from this study show that the high
expression of p53 in SCLC was associated with a poor
prognosis. We did not confirm whether the high expression of
p53 was wild or mutant type, although most are considered to
be mutant type, since p53 protein accurnulation in tumor cells
correlates well with mutations of the p53 gene due to a
prolonged half-life of mutated pS3 protein®-*° and high
expression of mutated p53 is considered to reflect resistance
to chemotherapy.

SCLC is not a candidate for surgical resection, and only
a small specimen obtained by transbronchial biopsy was
available to investigate the genetic characteristics. It is ques-
tionable whether the small tissue sample available truly
reflects the genetic characteristics of the total tumor in het-
erogeneous tumor tissues, although because SCLC is rela-
tively homogeneous we feel justified in using small speci-
mens obtained by transbronchial biopsy to analyze the
genetic characteristics of the tumor. High p53 expression in
SCLC cells is associated with a poor prognesis, although in
this study p53 expression was determined in only 50% of the
biopsy specimens because the nucleus of SCLC cells was
casily crushed during the biopsy procedure, whereas the
ECM was less badly damaged. Therefore, if we investigate
the genetic characteristics in small transbronchial biopsy
specimen of tumor obtained before chemotherapy, not only
P53 but also integrin 81 should be examined for analysis of
SCLC prognosis, in spite of the fact that integrin B1 expres-
sion in tumor cells appeared to be less closely related to
SCLC prognosis than p53 expression.

Both p53 and integrin B1 expression are more closely
related to SCLC prognosis than is the clinical stage of the
disease. Becausc each gene is related to cell apoptosis after
treatment with anticancer drugs, identification of the apopté-
tic pathway mediating integrin 81- and p53-dependent sur-
vival signals may provide new therapeutic strategies to im-
prove the response of SCLC to chemotherapy.
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showed tumor response (77% and 89%, respectively). Only
46 patients could be evaluated for p53 immunostaining. The
response rate to chemotherapy in patients with high expres-
sion of p53 was similar to that in patients with low expression
of p53 (82% vs. 84%, respectively).

When the survival of 80 patients evaluable for integrin
B1 or p53 was compared after stratification according to
clinical stage, the overall survival of patients with high
expression of integrin 81 (n = 22) was significantly worse
than that of individuals whose tumors had low expression of
integrin 81 (n = 54; log-rank test, p = 0.046; Wilcoxon test,
p = 0.043). The overall survival of patients with high
expression of p53 (n = 27) was also significantly worse than
that of patients with low expression of p53 (n = 19; log-rank
test, p = 0.0067; Wilcoxon test, p = 0.033). When other
prognostic factors were considered, no significant difference

-in survival was observed according to gender, age, or PS
except for clinical stage (Table 1).

Survival curves were constructed for group B of pa-
tients with high expression of either integrin 81 or p53 (n =
42) and group A of other patients without high expression of
integrin 81 and p53 (n = 38; Fig. 1). The overall survival of
group B was significantly worse than that of group A (log-

TABLE 1. Characteristics of Patients and Overall Survival
P Value
No. of Patients Log-Rank Wilcoxon
Gender
Male 74 0.36 0.27
Female 6
Age
=65 42 0.7 0.9
>65 38
PS (ECOG)
0 6 036 0.27
| 52 ;
2 22
Clinical stage
LD 30 0.012 0.028
ED 50
Integrin BI1
High 22 0.046 0.043
Low 54
p53
High 27 0.0067 0.033
Low 19

ECOG, Eastern Cooperative Oncology Group; ED, extensive disease;
LD, limited disease; PS, performance status.

Analysis was performed by stratification of clinical stage between LD
and ED except for analysis of clinical stage.
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FIGURE 1. Kaplan-Meier survival curves according to integrin
B1 and p53 immunostaining. Survival after chemotherapy of
patients with high expression of either integrin 81 or p53 (n =
42; group B) was worse than that of other patients without
high expression of integrin BT and p53 (n = 38; group A;
log-rank test, p = 0.0003; Wilcoxon test, p = 0.0026).

rank test, p = 0.0003; Wilcoxon test, p = 0.0026). When
patients were stratified according to clinical stage (LD and
ED), the survival of group B was also significantly worse
(log-rank test, p = 0.0007; Wilcoxon test, p = 0.0034). The
association between survival and prognostic factors, includ-
ing gender, age, PS, clinical stage, and integrin B81/p53
expressionz was examined by the Cox proportional hazards
model (Table 2). Only integrin $1/p53 expression was found
to be a significant independent factor (hazard ratio = 0.394,
p = 0.0005).

DISCUSSION

Overexpression of the multidrug resistance gene MDRT
is not common in SCLC, indicating that, unlike in other
tumors, this is not an important mechanism for drug resis-
tance in these tumors.'? During the past few years, it has
become clear that integrins are involved not only in cell
adhesion but also in signal transduction in both normal cells
and tomor cells. Integrins can directly activate many intra-
cellular signaling events after stimulation by ECM proteins or
by antibodies that bind to specific sites of integrins.'® Both
receptor clustering and ligand occupancy are critical for the
activation of intracellular integrin-mediated responses.!*

Many mammalian cell types are dependent on adhesion
to the ECM for their continued survival. A variety of normal
cell types undergo apoptosis when they lose attachment to an
appropriate ECM.'* In vitro and in vivo data provide prelim-
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to confer sensitivity to drugs whose toxicity is modulated by
nucleotide excision repair, such as nitrogen mustard and
cisplatin.®'0

From these data, chemosensitivity-related genes such
as integrin 31 and p53 are suggested to relate to cancer
prognosis. Most SCLC respond to chemotherapy, to deter-
min¢ the relationship between integrin 81 and p353 expression
in SCLC and clinical resistance to treatment, the expression
of these genes in tumors and patients’ survival were investi-
gated.

PATIENTS AND METHODS

Patients

Between January 1989 and June 1999, patients with
histologically proven SCLC, who had received a full dose of
chemotherapy, were entered in this study. Patients who had
not received a full dose of chemotherapy because of poor
performance status (PS) on the Eastern Cooperative Oncol-
ogy Group (ECOG) scale were excluded. The tumor re-
sponses were evaluated according to the World Health Orga-
nization criteria.!!

Immunohistochemistry

Transbronchial biopsy specimens of tumors obtained
before chemotherapy were subjected to immunostaining for
integrin 81 and p53. Formalin-fixed, paraffin-embedded,
5-pm-thick tumor sections were mounted on charged glass
slides, deparaffinized, and rehydrated in a graded alcohol
series. Immunohistochemical staining was performed using
an automated processor. The slides were immersed in 0.3%
hydrogen peroxide in methanol to block endogenous perox-
idase activity and the sections were then immersed in 10
mmol/l citrate buffer (pH 6.0) for 1 hour at 94°C, and
nonspecific staining was blocked with immunoglobulins from
normal rabbit serum for 10 minutes at room temperature.
Excess serum was removed and the sections were incubated
for 1 hour at 4°C with a mouse antiintegrin 81 monoclonal
antibody (Oncogene Research Products, U.5.A.) or mouse
anti-p53 monoclonal antibody (Novocastra, UK) diluted
1:100 with phosphate-buffered saline (PBS), followed by
incubation for 10 min at room temperature with the secondary
antibody, biotinylated antimouse immunoglobulin (Nichirei
Corp., Japan), for 10 min at room temperature. The slides
were again washed in PBS and incubated with streptavidin
peroxidase complex (Nichirei Corp., Japan) for 10 min at
room temperature, The slides were then incubated with 3,3-
diaminobenzidine as the substrate for 5 min to visualize
positively immunostained cells. Finally, the slides were coun-
terstained with hematoxylin and coverslips were applied. The
identical reaction times used permitted consistent reproduc-
ibility, thus allowing accurate comparison of all samples.
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Scoring of integrin B1 and p53
immunostaining

Two pathologists examined the staining patterns of
integrin 81 and p53 independently, and recorded the percent-
age of positive cells in each specimen. At least 20 high-power
fields were chosen randomly and 2,000 cells were counted.
The ratio of integrin B1- and p53-positive cells was calcu-
lated by dividing the number of positive celis by the total
number of cells, and was expressed as a percentage. The
integrin B1 immunostaining levels were classified as high
(>25% of the cells were stained) or low (=25% of the cells
were stained), and p53 immunostaining levels were classified
as high (>50% of the cells were stained) or low (=50% of
the cells were stained).

Statistical Analysis

Kaplan-Meier survival curves were constructed and
analyzed for statistical significance by means of the log-rank
and peneralized Wilcoxon tests. The influence of each vari-
able on survival was examined by the Cox proportional
hazards model in multivariate regression analyses. Differ-
ences at p < (.05 were considered to be statistically signif-
icant.

RESULTS

From February 1989 to July 1999, 104 patients re-
ceived an initial course of chemotherapy for SCLC. There
were 91 males and 13 females with a median age of 65 years
{range 40—85 years). The ECOG PS was 0 in 7 patients, ! in
69, and 2 in 28. The clinical stages of the tumors were limited
disease (LD) in 43 patients and ED in é1.

Transbronchial biopsy specimens were subjected to
integrin 81 and p53 immunostaining. Twenty-eight and 58
patients could not be evaluated for integrin 81 and p53,
respectively, because the tissue samples had been crushed
during the biopsy procedure. Fifty-four and 22 patients had
tumors with less than or equal to 25% and more than 25%
integrin Bl-positive cells, respectively, whereas 19 and 27
patients had tumors with less than or equal to 50% and more
than 50% p53-positive cells, respectively.

Each patient received a full dose of combination che-
motherapy after confirmation of SCLC. Fourteen of 45 pa-
tients treated with PE and 1 of 12 patients treated with
carboplatin plus etoposide received concurrent thoracic ra-
diotherapy. Among 80 patients with biopsy specimens eval-
uated for integrin B1 or p53, 11 patients achieved a complete
response and 56 patients achieved a partial response. In three
patients there was disease progression, and the remaining 10
patients showed no change. The overall response rate to
chemotherapy was 84%. When the relationship between gene
expression and tumor response to chemotherapy was consid-
ered, 17 of 22 patients with high expression of integrin 81,
and 48 of 54 patients with low expression of integrin Sl
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High Expression of Integrin 81 and p53 is a Greater
Poor Prognostic Factor Than Clinical Stage in Small-Cell
Lung Cancer
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Abstract: The purpose of this study was to investigate the possible
association between expression of integrin 81 and p53 and survival
in patients with small-cell lung cancer (SCLC). One hundred four
patients with SCLC who had received an initial course of a full-dose
of combination chemotherapy between February 1989 and July 1999
were entered in the study. Transbronchial biopsy specimens of
tumors obtained before chemotherapy were subjected to immuno-
staining for integrin 81 and p53. Twenty-eight and 58 patients could
not be evaluated for integrin Bl and p53 immunestaining, respec-
tively, because the tissue samples had been crushed during the
biopsy. Fifty-four patients had tumors with less than or equal to 25%
integrin Bl-positive cells and 22 patients had tumors with more than
25% integrin Bl-positive cells, whereas 19 and 27 patients had
turnors with less than or equal to 50% and more than 50% p33-
positive cells, respectively. By comparison, the overall survival of
patients with high expression of integrin 81 and p33 were signifi-
cantly worse than those of individuals whose tumors had low
expression (log-rank test, p = 0.046 and p = 0.0067, respectively).
Moreover, the overall survival of patients with high expression of
either integrin 81 or p53 (n = 42) was significantly worse than that
of other patients without high expression of integrin 81 and p53 (n
= 38; log-rank test, p = 0.0003; Wilcoxon test, p = 0.0026). The
association between survival and prognostic factors, including gen-
der, age, performance status, clinical stage, and integrin B1/p53
expression was examined by the Cox proportional hazards model,
only integrin B1/p53 expression was found to be a significant
independent factor (hazard ratio = (.394, p = 0.0005). In conclu-
sion, the high expression of integrin B1 and p53 in tumor cells is a
greater poor prognostic factor than clinical stage in patients with
SCLC.
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mall-cell lung cancer (SCLC) is one of the most chemo-

sensitive solid tumors, and treatment with combination
chemotherapy is known to improve survival. Recently, the
Japanese Clinical Oncology Group (JCOG) showed that cis-
platin plus irinotecan improved the survival of patients with
extensive disease (ED)-SCLC when compared with cisplatin
plus etoposide (PE) in a phase III study.! However, despite
the high response rates and prolonged survival, relapse oc-
curred in the majority of these patients. New therapeutic
strategies for SCLC are therefore urgently needed, and these
will most likely result from a better understanding of the cell
biology of SCLC.

Some forms of chemotherapy exert their cytotoxic
effects by inducing apoptosis.>® The regulation of apoptosis
in tumor cells is poorly understood; however, the level of
protein tyrosine kinase (PTK) activity may determine
whether SCLC cells survive and proliferate or die as a result
of apoptosis.* A recent study showed that SCLC was sur-
rounded by an extensive stroma of extracellular matrix
(ECM) at both primary and metastatic sites.” Adhesion of
SCLC cells to the ECM confers resistance to chemotherapeu-
tic agents as a result of integrin B1-stimulated tyrosine kinase
activation, which suppresses chemotherapy-induced apopto-
sis.”

Mutations of p53 in tumors are also suspected to induce
resistance to cancer chemotherapy.® One response to geno-
toxic stress involves the p53 tumor suppressor gene prod-
uct.”® This p53 accumulates after DNA damage and controls
cellular proliferation predominantly through its activity as a
transcription factor. The expression of downstream genes
contributes to tumor suppression either by activating cell
arrest, possibly to give the cell time to repair the damage and
avoid genetic instability. Mutations in p53 have been shown
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