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Figure |

Immunohistochemical staining of pre-treatment rectal biopsy specimens from locally advanced rectal cancers. (A) Ki67 immunoreactivity,

(B) Bax immunoreactivity, (C) Grp78 immunoreactivity, (D) TS immunoreactivity, (E) DPD immunoreactivity, and (F) CD34 immunoreactivity. Note Ki67
immunoreactivity confined to the tumour cell nuclei, Bax, and Grp7/8 to the tumour cell cytoplasm, TS and DPD to the tumour cell nucleus and cytoplasm,

and CD34 to the endothelium of intratumoural microvessels,

pathological CR and greater than 95% pathological response
groups achieve a significantly improved overall survival and
recurrence-free survival when compared with less than 95%
pathological response groups (Ruo et al, 2002; Guillem et al,
2005). Therefore, we divided the cases into two groups: Dworak
grades 1 and 2, and grades 3 and 4 (Gavioli ef al, 2005). The latter
were considered as responders to CRT. A high Ki67, Bax score, and
TS score and a low Grp78 score were well correlated with
response. On the other hand, there were no associations with the
other immunohistochemical factors, as well as clinicopathological
factors (Table 3).

Multiple logistic regression analysis

Multiple logistic regression analysis was performed with a stepwise
method (Tanaka et al, 1999). Independent variables were the data
for Ki67 LI, Bax score, TS score, and Grp78 score, and dependent
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variables were no-response (0; Dworak regression grades 1 and 2)
or response (l; Dworak regression grades 3 and 4). Other
immunohistochemical markers and clinicopathological factors
were not used. By the logistic regression analysis, we detected
the Ki67 LI, Bax score, and TS score as independent factors
(Table 4). The Bax score (odds ratio 18.1) had the strongest
influence. The logistic regression formula was as follows:

log, (p/1 — p) = —24 + 0.15x[Kigy LI] + 2.90
x[Bax score] + 0.60x[TS score].

Receiver-operating characteristic curve

A receiver-operating characteristic curve was generated by plot-
ting the true-positive rate (sensitivity) on the y axis and the
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Figure 2 Ki67, Bax, Grp78, TS, DPD, and CD34 (MVD) were significantly related to chemoradiosensitivity (P <0.05). High Ki67 LI, Bax score, TS score,
and low Grp78 were significantly correlated with tumour regression when responders were defined as having Dworak regression grades 3 and 4.

false-positive rate (1—specificity) on the x axis (Figure 3) (Tanaka
et al, 1999),

Although the P-value at the point closest to the left upper corner
on the curve is generally considered to represent the best balance
of both sensitivity and specificity in distinguishing between
response and no-response, we determined four points of P as the
cut-off values (0.90, 0.50, 0.40, and 0.20) to comstruct practical
criteria for the five categories ‘responder’, ‘probable responder’,
‘unknown’, ‘probable non-responder’, and ‘non-responder’
(Table 5). The points of P=0.90 and 0.20 meant the points of
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specificity 100% and sensitivity 100%, respectively. The point of
P=0.50 meant the point at which the specificity was maximum
and the sensitivity was more than 80%. The point of P=0.40
meant the point at which the specificity for prediction of non-
responder was maximum and the sensitivity more than 80%.

Sensitivity and specificity
A P-value for each case was calculated with three immunohisto-

chemical markers examined in 60 sets of biopsy specimens. Using
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the calculated P-value, we classified the 60 patients into one of
the above five categories with criteria distinguishing between
responder and non-responder. Sensitivities and specificities of the
criteria are shown in Table 5.

" DISCUSSION

In this study, we sought clinicopathological factors and immuno-
histochemical markers that might contribute to prediction of
chemoradiation effects on locally advanced rectal cancer. Our
conclusion is that it is possible to predict a responder to
preoperative CRT, with 82.8% sensitivity and 83.9% specificity,
using the value calculated with the three elements of the Ki67 LI,
the Bax score, and the TS score in biopsy specimens before CRT. In

Table 3 Clinicopathological characteristics of the patients separated by
Dworak grades 1, 2 vs 3, 4

Dworak Dworak
grade 3, 4 grade 1, 2
(responder) (non-responder)
(n=129) (n=31)
Age (year) (mean®sd) 635% 114 635498 P=0.11
Sex
Male 21 24
Female 8 7 P=0.65
Tumor size (mrm) 467 x 144 480+ 197 P=098
(meants.d.)
Histological type (biopsy)
Well 17 20
mod/por 12 I P=0.64
CEA (mg/100ml) 85+127 94%85 P=0.23
(mean £ sd.)
CAI3-9 (ng/ml) 17+25 22429 P=0.054
(meantsd)

Well, well-differentiated adenocarcinoma; mod/por, moderately to poorly differ
entiated adenocarcinoma; s.d., standard deviation.

Table 4 Results of multiple logistic regression analysis

Regression coefficient P-value Odds ratio  95% CI
Variable
Ki67 LI 0.15 0.002 L7 1.06—1.29
Bax score 2.90 0.001 18.1 341-1057
TS score 0.60 0019 1.83 1.11-3.03
Constant —24.47 <0001

LI, labelling index; Cl, confidence interval,

Proposal of a logistic model for prediction
M Kikuchi et df

fact, high expression of Ki67, Bax, and TS was positively correlated
with therapeutic effects.
The first factor, high proliferative activity with Ki67 as the

marker, was earlier found to correlate with PCNA immunostain-

ing, and mitotic counts after radiation of rectal cancer (Willett
et al, 1995). Later, beneficial effects of radiotherapy for patients
with various carcinoma with high Ki67 LIs were reported (Nakano
et al, 1997; Raybaud-Diogene et al, 1997). However, in other
reports, no relation was noted between Ki67 values in biopsy
specimens before radiation and response rate in rectal cancers
(Suzuki et al, 2004; Debucquoy et al, 2008). Suzuki et al (2004)
performed preoperative radiotherapy only. Debucquoy et al (2008)
combined preoperative radiotherapy and/or 5-FU/LV. Because we
adopted CRT for all patients, the response may be more influenced
by chemotherapy than radiation.

The second factor, Bax expression, was also reported by Chang
et al (2005) to correlate well with chemoradiation therapeutic
effects, and the authors considered that apoptosis may be
important in rectal carcinoma response to CRT. Similarly, Bax
overexpression has been found to correlate with anticancer drug
sensitivity in a variety of human cancers, through enhanced
induction of apoptosis (Krajewski et al, 1995; Guo et al, 2000;
Teranishi et al, 2007). However, Gosens et al (2008) did not find
any link between Bax expression and rectal cancer regression for
neoadjuvant chemoradiation. They evaluated the regression
grading system described by Rédel et al (2005): (1) no regression
or <25% of tumour mass, (2) 25 to > 50% tumour regression, and
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Figure 3 Receiver-operating characteristic curve with the logistic
regression model. The area under the curve is 0.928 (95% confidence
interval; 0.867-0.988).

Table 5 Criteria for Dworak grades |, 2 vs 3, 4, and their validities tested among the 60 patients

Pathological response Validity

DG 3, 4 DGI, 2 DG 3,4 DG 1,2
Category Definition (P) Definition (IT) Responder (n=29) Non-responder (n=31) Se Sp Se Sp
Responder 090<P 2200 13 0 44.8 100
Probable responder 050<P <090 0<TI<220 I 5 82.8 83.9
Unknown 040<P<050 —041 <II<0 ! |
Probable no-responder 020<P<040 -1.39<M1g~041 4 7 80.6 86.2
No-responder P<020 nI<-139 0 18 58.1 100

P, probability; DG, Dworak grade; Se, sensitivity; Sp, specificity; IT = log. (P/1—P).
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(3) complete regression. In addition, Bax immunohistochemical
values were only intensity of cytoplasmic staining 0-3. Differences
in grading systems and immunohistochemical expression scoring
could clearly influence the results.

Rau et al (2003) immunohistochemically investigated the
expression of p53, Bax, p21, Ki67, hMSH2 in pre- and post-
therapeutic rectal carcinoma with preoperative radiotherapy. Only
low p21 expression in tumour samples was significant in no-
response to neoadjuvant chemoradiation. They reported no
relation with Bax expression but classified responders as CR or
partial response, histopathologically defined with resected post-
therapeutic rectum, again differing from our definition as Dworak
grades 3 or 4.

The third factor, TS, is important in pyrimidine nucleotide
synthesis and represents an important chemotherapeutic target for
5-FU chemotherapy. Immunohistochemically, high TS expression
in pre-treatment locally advanced rectal cancer biopsies was earlier
shown to be predictive of a higher pathological response in the
fluorouracil/oxaliplatin-base chemotherapy (Negri et al, 2008).
A trend toward a direct correlation between the level of TS
expression and response of 5-FU/LV treatment in patients with
metastatic colon cancer has been noted (Johnston et al, 2003).
Similar results have also been reported by Edler et al (2002) and
Kornmann et al (2003).

However, low TS expression was a predictor of response to 5-FU
chemotherapy for colorectal cancer metastases (Aschele et al,
1999) and advanced colorectal cancer (Cascinu et al, 1999).
Aschele et al (1999) used a regimen of schedule-specific
biochemical modulation of 5-FU plus methotrexate, and Cascinu
et al (1999) applied 5-FU/LV. In both studies, cases with
metastases and/or recurrence were included, and TS expression
was evaluated as intensity 0 (undetectable staining) to 4 (very high
intensity of staining), and then intensity levels 0-2 were
considered as low, and 3 and 4 as high expression. We examined
both cytoplasmic TS expression intensity and percentage of
positive cells, as well as the Bax value. In another study, by
Liersch et al (2006), TS expression was examined in surgically
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resected rectal cancer. In the reports, high TS expression
correlated with cancer relapse. The clinical meaning of evaluation
of TS expression needs further clarification.

The multiple logistic regression analysis revealed Ki67 LI, Bax
score, and TS score to be independent factors, with a sensitivity
and specificity for prediction of responder cases of 82.8 and 83.9%,
respectively. Although the logarithm model is difficult to calculate
for daily use, it can be easily converted to a linear model. It is
sufficient for users to know the values of log. (P/1—P) at the point
of criteria. Practically, users can directly substitute the Ki67 LI, Bax
score, and TS score into the formula:

I =log.(p/1 — p) = —24 + 0.15% [Ki67 L1] + 2.90
x [Bax score] + 0.60%[TS score].

If this value IT (log. (P/1-P)) is larger than 0.00, it indicates a
responder case. If it is smaller than —0.41, it indicates a non-
responder case (Table 5).

At present, CRT with subsequent surgical resection is performed
without selection of cases. However, with our approach, likely
responder cases can be chosen before therapy. In the future, our
multivariate model should be revised using new factors to improve
the sensitivity and specificity. The treatment strategy for locally
advanced rectal cancer should be further developed toward so-
called tailor-made therapy including such evaluation before
preoperative therapy and/or surgical resection.
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Relapse-Related Molecular Signature in Lung
Adenocarcinomas Identifies Patients With Dismal Prognosis

Shuta Tomida, Toshiyuki Takeuchi, Yukako Shimada, Chinatsu Arima, Keitaro Matsuo, Tetsuya Mitsudoni,
Yasushi Yatabe, and Takashi Takahashi

A B S T R A ¢ T

Purpose
In order to aid the development of patient-tailored therapeutics, we attempted to identify a

relapse-related signature that allows selection of a group of adenocarcinoma patients with a high
probability of relapse.

Patients and Methods ,

Whole-genome expression profiles were analyzed in 117 lung adenocarcinoma samples using
microarrays consisting of 41,000 probes. A weighted voting classifier for identifying patients with
arelapse-related signature was constructed with an approach that allowed no information leakage
during each training step, using 10-fold cross-validation and 100 random partitioning procedures.

Results
We identified a relapse-related molecular signature represented by 82 probes (RRS-82) through

genome-wide expression profiling analysis of a training set of 60 patients. The robustness of
RRS-82 in the selection of patients with a high probability of relapse was then validated with a
completely blinded test set of 27 adenocarcinoma patients, showing a clear association of high risk
RRS-82 with very poor patient prognosis regardless of disease stage. The discriminatory power of
RRS-82 was further validated using an additional independent cohort of 30 stage | patients who
underwent surgery at a distinct period of time as well as with the Duke data set on a different
platform. Furthermore, completely separate training and validation procedures using ancther data
set recently reported by the Director's Challenge Consortium also successfully confirmed the
predictive power of the genes comprising RRS-82.

Conclusion
RRS-82 may be useful for identifying adenocarcinoma patients at very high risk for relapse, even

those with cancer in the early stage.

J Clin Oncol 27:2793-2799. © 2009 by American Society of Clinical Oncology

who actually have residual cancer cells undetect-
able by currently available imaging techniques

Lung cancer remains the leading cause of cancer
death in industrialized countries, including Japan
and the United States."* Adenocarcinomas, which
account for more than 50% of non—small-cell ung
cancer (NSCLC) cases, are the most frequent type of
NSCLC with a heterogeneous nature in various as-
pects, including clinicopathologic and molecular
features, and are showing an increasing trend.’
The TNM clinical staging system has become the
standard for predicting prognoses, however, the
best hope for cure relies on surgical resection,
which is considered as standard treatment for op-
erable adenocarcinoma patients.4 Nevertheless,
30% to 35% of surgically treated stage I patients
eventually face relapse atter the initial surgery,
indicating the existence of a subgroup of patients
clinically diagnosed as having early-stage disease,

used for staging.”

Although a number of prognostic biomarkers,
such as altered expressions of oncogenes, and tumor
suppressor genes have been proposed, the TNM
staging systemn remains the standard method for
predicting patient prognosis, indicating that such
prediction may require information derived from
the expression status of multiple genes and mole-
cules. At the same time; the advent of microarray
technology and completion of the genome project
has made it possible to carry out genome-wide pro-
filing of gene expressions.” These developments
have provided an opportunity for establishing
patient-tailored therapeutic strategies, leading to the
identification of gene-expression profiles that are
associated with the prognosis of individuals with
lung cancer.” "> However, few prognostic prediction
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classifiers have been validated with a sufficient number of indepen-
dent cases."?

In this study, we report successful identification of a relapse-
related molecular signature in adenocarcinomas through analysis of
genome-wide expression profiles using a training set of 60 patients
with lung adenocarcinomas. General applicability of the resultant
classifier was successfully validated in a blind test set of 27 cases with
stage I to III disease as well as with another independent cohort of 30
stage I patients. Moreover, additional validation using two data sets on
a different platform further confirmed the predictive power of the
genes comprising the relapse-related molecular signature.

Patient Samples

Eighty seven lung adenocarcinoma samples from patients who under-
went potential curative resection between December 1995 and August 1999
were collected at Aichi Cancer Center, Nagoya, Japan (herein referred to as
data set; online-only Appendix Table A1). An additional independent cohort
of 30 adenocarcinoma samples from patients with pathologic stage (pStage) T
disease were also collected at Aichi Cancer Center between February 2002 and
December 2004 (herein referred to as data set II; Appendix Table A1), None of
the 117 patients received adjuvant chemotherapy. General schedule of
follow-up examinations was chest x-ray (every month for the first 3 months,
and 3 months interval thereafter) and chest and abdominal computed tomog-
raphy (CT; every year) until 5 years after surgery. Additional examinations,
such as CT, bone scan, and brain magnetic resonance imaging, were also
considered, if any signs of possible relapse were suspected. The median
follow-up periods for patients alive at the last follow-up examination in data
set I and data set 1l were 90 months (range, 64 to 108 months) and 64 months
(range, 55 to 75 months), respectively. All tumor specimens were collected
under approval from the institutional review boards of Aichi Cancer Center
and Nagoya University with written informed consent from each patient.

Acquisition of Expression Profiles and Analysis of EGFR,
p5b3, and K-ras Mutations

Double-stranded cDNA was synthesized from 500 ng of total RNA using
Moloney murine leukemia virus-reverse transcriptase (Agilent Technologies,
Palo Alto, CA) and poly dT primer incorporating the T7 promoter. Cy5-
sample cRNA and Cy3-common reference cRNA were generated and hybrid-
ized to a Whole Human Genome oligo DNA microarray kit (G4112F, Agilent
Technologies) with 41,000 distinct probes, which was scanned using an Agi-
lent DNA microarray scanner (G2505B, Agilent Technologies), basically as
described previously.”” The mutation status of EGFR, p53, and K-ras was
previously reported in the same set of patients.'* All the microarray data and
the pathologic and clinical data used for this study are available at Gene
Expression Omnibus (GEO; http:/Avivw.nebininunih.gov/geo/; accession
number GSE13213). Cross-platform validation was carried out nsing the
Duke' and Director’s Challenge Consortium'? data sets as detailed in the
online-onlyAppendix.

Biostatistical and Bioinformatic Analyses

To identify a relapse-related signature using signals that were expressed
above the background in at least 90% of samples, we used a weighted voting
algorithim, in which each weight value was calculated as the signal-to-noise
ratio, basically according to the detailed method that we described previ-
ously.!! Kaplan-Meier swrvival curves and Cox proportional hazards
model analyses (Stata, version 7.0; Stata Corp, College Station, TX) were
used to analyze the relationships of the resultant relapse-related signature
with overall and relapse-free survival. All statistical tests were two sided. The
CLUSTER" program was used for average linkage hierarchical clustering of
both genes and cases, and the TREEVIEW'® program was used for display
(http:/frana lbl.gov/EisenSoftware.htm).

2788 © 2009 by American Society of Climical Oncology

Identification of Relapse-Related Signature

A schematic diagram of our strategy for constructing and validat-
ing a relapse-related signature in surgically treated lung adenocarci-
noma patients is shown in Figure 1, which was formed with the
mtention of blocking any information leakage between the training
and validation data sets. First, we divided expression profile data
obtained from 87 patients into 60 training and 27 validation data sets,
the latter of which was completely set aside during training, In order to
identify a generic signature with clear associations with relapse in the
training set of patients with lung adenocarcinomas, we selected 28
favorable samiples (alive > 5 years after surgery without any evidence
of relapse) and 21 fatal samples (dead in 5 years after initial surgery
with evidence of relapse). The remaining 11 patients in the training set
were excluded from analysis of a possible relapse-related signature,
because of ambiguity related to the aggressiveness of their tumors,

Training samples

£ Random partitioning
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Fig 1. Schematic diagram of our training-validation stratergy for identifying
replapse-related signature using 10-fold cross-validation procedures with 100
random partitions of the training data set.
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Fig 2. Results of the training procedure
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{A) Results of our search for the optimum
nurmber of probes for defining a relapse-
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which were five who survived for more than 5 years with some signs of
relapse during follow-up, five who died of cancer after surviving for
more than 5 years, and one who died within 5 years without evidence
of relapse.

Of the 41,000 probes in the entire genome microarray, 23,828
passed the initial filtering criteria for selecting informative probes, and
were then ranked according to a signal-to-noise metric and used to
identify a relapse-related signature that could best distinguish patients
who died with relapse from those cured by surgery. The learning ervors
for each model, to which increasing numbers of the predictive probes
were applied, were calculated using 10-fold cross-validation and re-
peated with new randomly partitioned data sets 100 times. Thus, 1,000
independent sets consisting of up to 200 predictive probes each were
selected for constructing a relapse-related signature-based classifier.
As a result, 82 predictive probes were found to yield the fewest num-
bers of learning errors (Fig 2A), and the group of 82 probes most
frequently shared among each of the 1,000 independent sets of 82
predictive probes was identitied as a relapse-related signature (hereaf-
ter referved to as RRS-82; online-only Appendix Table A2). RRS-82
was able to distinguish patients with a very poor prognosis when all
stages or only stage | were considered (Figs 2B and 2C for relapse-free
sarvival and online-only Appendix Fig. A1 for overall survival). There
were no associations of RRS-82 with the presence of EGFR, K-ras, or

_ P53 gene mutations, none of which showed any prognostic signifi-

cance {Appendix Fig. A2).

Validation of RRS-82 in the Test Cohort of Data Set |
To evaluate the robustness of RRS-82, we analyzed its discrimi-
natory power using a completely blinded data set of 27 adenocarcino-

WL OO, 01

mas. Results with the validation data set indicated that RRS-82 could
distinguish between patients with high and low risks of recurrence and
death. Relapse-free survival was significantly different between the two
groups (P = .0003; Fig 3A), and the proportions of relapse-free pa-
tients in the high- and low-risk groups were 38% and 78%, respec-
tively, after 2 years. In the high-risk group, the overall survival rateafter
surgical resection was also significantly lower than that in the low-risk
group (P = .026; Fig 3B). It was of note that all stage I patients, who
were predicted as high-risk based on RRS-82, experienced relapse
within 5 years, and died during the follow-up period (Figure 3C for
relapse-free survival; P == .0008; Fig 3D for overall survival; P = .043;
both by log-rank test). Interestingly, Kaplan-Meier curves for both
relapse-free and overall survival showed tendencies to have modest
associations with pathologic disease stage (P = .15 for relapse-free
survival and P = .18 for overall survival) among patients in the low-
risk group but not in patients with high-risk RRS-82 (online-
only Appendix Fig. A3). The presence of a high risk signature of
RRS-82 was not associated with site of relapse (online-only
Appendix Table A3).

Further Validation of RRS-82 With an Additional
Independent Cohort of pStage | Patients

Purther validation of the predictive power of RRS-82 in early-
stage patients was conducted using another completely independent
cohort of 30 stage 1 adenocarcinomas in patients who underwent
surgery during a different period of time (data set IT). RRS-82 was
again shown capable of predicting which stage T patients were at
extreme high risk (Figs 4A and 4B). In the combined validation cohort

@ 2009 by Amencan Society of Clinical Oncology 2795

Information downloaded from jco.ascopubs.org and provided by FUZOKU TOSHOKAN SAITAMA on April 12, 2010 from .
Copyright © 2009 by the American Society of Clinical Oncology. All rights reserved.

-269-



|
|
|
;

Tomida et al

A s 104 Low risk (n = 18) B L Low risk (n = 19}
= High risk {n = 8) = High risk {n = 8}
S o8- N S _ 084 ©
* 5 L TS
' 0.6- Prooa 5 064 S
s =]
L2 04 = 2 044
%8 35 -
A<= 024 2= 02
< P=.0003 © P=.0260
12 3 4567 8 910 1] 12 3 45 6 7 8 91
Time Since Surgery (years) Time Since Surgery (years)
No. at risk No. at risk Fig 3. Validation of the RRS-82 signature
Low risk 18 17 14131212 1116 6 0 0 Low risk 19 18 17 16 14 13 1110 6 0 0 with the use of completely blinded data
High risk 8 3 3 210 00 0 0 0© High risk 8 8 5§ 33 3 20 0600 set of 27 patients. Relapse-free survival
C D curves for {A} all stages, (C) stage {. Over-
$ ’g 1.0 o4 =i —g 1.0 e L all sur\'/ivai curves for (B) all stages and (D}
g 7 = .2 | stage |.
LulL) £ 0.8- b = ‘_,E £ 08 L g
o [T —1 j=)
7= < =%
% e 0.6 5 o 0.6+ ~ Low risk {n=12)
- — 2 High risk {n = 4
&= 0.4 " ® = 0.4 igh risk {n = 4)
— O ~ Low risk {n= 11} o O
= 024 High risk {n = 4) 3 ; 0.2 4
o 2 9 Z
= P=.0008 = P=.0432
Hh — T T T T T 1253 T —T—— T
0 1 23 45 6 7 8 910 0 123 45 6 7 8 910
Time Since Surgery {years) Time Since Surgery (years)
No. at risk No. atrisk
Low risk 11110 9 9 8 8 7 3 0 0 Low risk T 12 121211 9 9 8 7 3 0 @
High risk 4 2 2 10 0 06 0 0 06 O High risk 4 4 3 2 2 2 1t 0 0 0 ¢

consisting of 46 stage I cases (16 and 30 from datasets I and [I, respec-
tively), Kaplan-Meier survival curves based on RRS-82—based predic-
tions were markedly different, showing relapse-free survival in 74%
and 10% of patients with low- and high-risk signatures, respectively
(P <<.0001; Fig 4C). Overall survival was also significantly worse in the
high-risk group as compared with the low-risk group (P = .002; Fig
4D). Data for patients in all stages are shown in online-only Appendix
Figure A4. Multivariate Cox regression analysis of the combined vali-
dation data sets, in which the results of RRS-82-based predictions
were considered as one of the variables, revealed that RRS-82 was
highly predictive and independent of disease stage for both relapse-
free survival (P < .001) and overall survival (P = .005; Table 1).

Confirmation of Predictive Capability of RRS-82 Using
Two Additional Data Sets With a Different Platform

The robustness of RRS-82 for predicting survival of patients with
lang adenocarcinomas was further validated using a completely inde-
pendent Duke University data set of 39 lung adenocarcinomas. We
conducted an unsupervised hierarchical clustering based on the ex-
pression profiles of the 46 genes, which corresponded to those consti-
tuting RRS-82 (Appendix Table A4). Thirty-nine adenocarcinomas
were clearly clustered into two distinct subsets (Fig 5A), with signifi-
cantly different postoperative survival results shown (P = .028; Fig
5B). The vast majority of genes corresponding to those related to
relapse in RRS-82 showed a highér expression in patients in cluster 2,
who had a poor prognosis, supporting the general applicability of
RRS-82 for lung adenocarcinomas.

We further confirmed the predictive capability of the gene set
constituting RRS-82 with a different approach by utilizing recently

2796 © 2009 by American Society of Clinical Oncelogy

reported large training-testing, multisite data sets (Fig 5C). Using the
University of Michigan data set consisting of 75 alive and 102 dead
patients, we calculated each weighted value for 31 genes, which corre-
sponded to the gene set constituting RRS-82, as the signal-to-noise
ratio and then applied it to the 104 Memorial Sloan-Kettering sam-
ples, all of which had valuable information regarding relapse. The
resultant RRS-82-based classitier built on the University of Michigan
data set was able to predict patients at high risk in the Memorial
Sloan-Kettering validation data set (Fig 5D). Taken together, these
results demonstrated the predictive power of the gene set constituting
RRS-82 for identifying patients at high risk for disease recurrence.
Since the 31 genes in the set were selected based only on the presence of
corresponding genes between the two distinct platforms, our findings
suggest that potential future development of an optimally downsized
classifier with sufficient predictive power based on RRS-82 is possible.

In this study, we identified a molecular signature, termed RRS-82,
which was significantly associated with relapse and death in patients
with adenocarcinomas of the lung. Based on the RRS-82 signature, we
were able to construct a prognosis prediction classifier, which may
ultimately aid in patient-tailored selection for therapeutic strategies.
The robustness of the RRS-82 signature was successfully validated
through application in four attempts with two independent Nagoya
data sets as well as with the Duke and Director’s Challenge Consor-
tium data sets. Notably, the RRS-82~based classitier clearly distin-
guished patients with very poor prognosis from those with favorable
outcome, including the duration of relapse-free survival, even in stage
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I cases. These findings suggest that patients with the high-risk RRS-82
signature, who are overlooked using current diagnostic procedures for
staging because of the inability of detection, are likely to have minimal
residual disease. We previously reported that a 25-peak proteomic
signature could also identify patients with very unfavorable outcome
after surgery with curative intent at the protein level,"* similarly to the
present RRS-82 signature. Taken together, these findings support the
notion that patients with very poor prognosis are certainly predictable
even in stage | cases and that inclusion of molecular signature-based
proguosis predictions, which take molecular and biologic characteris-
tics manifested as signatures into consideration, may improve our
capabilities for evaluating each patient with the ultimate ain: of better
therapeutic options.

Several studies have presented evidence supporting a model in
which the propensity to metastasize reflects the predominant genetic/
epigenetic state of a primary tumor, rather than the emergence of rare
cells with a metastatic phenotype.'®'® In this regard, it is interesting
that disease stage at surgery appeared to have a modest tendency to
affect patient outcome only in patients with a low-risk RRS-82 signa-
ture and not in those with a high-risk signature. A similar tendency
was consistently observed in our previous proteomic analysis using
matrix-assisted laser desorption/ionisation time of flight mass spec-
trometry, in which a 25-peak-based prediction model was construct-
ed."™* These findings therefore suggest a potential difference in biologic
aggressiveness between the groups with high- and low-risk RRS-
82 signatures.

Table 1. Univariate and Multivariate Cox Regression Analysis for the Combined Test Cohort {n = 57)
Univarate Multivariate
Variable Unfavorable/Favorable Hazard Ratio 95% Ci P Hazard Ratio 95% Cl P

Relapse-free survival (h = 56}"

Age > 61/= 61 0.68 0.32t0 1.47 .331 0.91 0.41 t0 2.02 817

Sex Malsffemale 1.48 8.68103.10 3258 115 0.54 10 2.50 668

Stage - 2.4 1.05t05.54 .038 2.00 0.84 10 4.72 .

RRS-82 High risk/low risk 5.48 2.50t012.0 <001 4,92 2.17t011.2 <,001

- Qverall survival (n = 57} .

Age > B61f= 61 1.00 0.44 10 2.32 991 1.21 0.50 t0 2.91 .668

Sex Malé/female 1.61 0.70t03.74 .265 1.33 0.55103.19 526

Stage H-HiAl 2.56 1.04106.32 .041 2.15 0.84 t0 5.47 106

RRS-32 High risk/low risk 3.68 1.58108.56 .003 3.60 1.48108.77 005
“Information of relapse was ot available in a single case, ‘

WnLice.0rg
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The highly predictive nature of our RRS-82 signature, especially
in terms of risk of relapse, may have been accomplished by our strategy
used in the identification process, which paid special attention to
relapse-free duration in a training cohort with high quality follow-up
data. In fact, relapse within 5 years after surgery was observed in 80%
and 90% of the patients with a high-risk RRS-82 signature in the
training and combined validation cohorts with stage I disease, respec-
tively. Although relapse-free survival data were not available for the 50
gene-based prediction classifier presented by the Michigan group® or
the “A method” model by the Director’s Challenge Consortium,'?
fatal outcome within 5 years after surgery was observed in approxi-
mately 55% and 60%, respectively, of those patients. In addition, the
high-risk Duke metagene signature composed of nine metagene
groups corresponding to 133 probes'' was reported to correctly pre-
dicted relapse in 69% and 79% in their American College of Surgeons
Oncology Group (stages I and II) and Cancer and Leukemia Group B
(stages I to III) validation cohorts, respectively. Interestingly, the
constituents of the RRS-82 signature do not have a significant overlap
with other predictive signatures thus far reported by us and
others, ¥ 12182 guch variability among studies is commonly ob-
served in molecular signatures for class prediction, and we suspect that
it may reflect the use of different platforms for expression profiling
and/or existence of distinct genes with similar predictive information,
because of the presence of similatly coregulated genes that do not
necessarily have similar biologic and/or biochemical properties.** For
example, PSMDI2, FIP1L1, and UBE2V2, included in RRS-82, are a
part of the cluster six-gene set reported by the Director’s Challenge
Consortium, while SMARCE] in RRS-82 is included in the cluster
10-gene set. Additional analyses using the Kyoto Encyclopedia of

2798  © 2009 by American Society of Climical Onzology

Genes and Genomes (http://www.genome.jp/kegg/) and Gene On-
tology (http://www.geneontology.org/) databases identified only a
few common pathways and networks containing predictive gene
sets in such studies (examples shown in the Data Supplement).
However, those results may not be surprising, since all of these
studies including our own were not aimed at identifying function-
ally relevant gene sets or pathways associated with differences in
clinical behavior such as relapse after surgery.

A number of negative results have been reported in regard to the
benefits of adjuvant chemotherapy in patients with early-stage lung
cancers,” ** although we believe that those do not preclude the poten-
tial clinical importance of molecular signature—based classification.
Instead, such classification will likely add additional important infor-
mation for patient-tailored evaluation of the nature of those diseases,
considering that the current staging procedures, which rely on the
measurement of disease spread by imaging techniques with insuffi-
cient power for detecting minute residual tumors, may be causing
stage-migration of actual advanced cases into false early stages.

In conclusion, we succeeded in identifying a relapse-related mo-
lecular signature for use with patients diagnosed with adenocarcino-
mas, which was able to select those at extremely high risk for relapse, |
even in early-stage patients. In the field of breast cancer, a molecular
signature—based prediction of surgically treated patients has been
approved by the US Food and Drug Administration, and develop-
ment of a similar usefal means ts urgent for lung cancer, which claims
the highest number oflives each year. A future confirmatory study and
clinical trial for patient-tailored adjuvant therapy with stratification
according to the RRS-82 molecular signature are therefore warranted
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to evaluate whether such selection may ultimately improve patient
prognosis after surgery for this deadly cancer.
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EGFR and HER2 Genomic Gain in Recurrent Non-small Cell
Lung Cancer After Surgery

Impact on Outcome to Treatment with Gefitinib and Association
with EGFR and KRAS Mutations in a Japanese Cohort

Marileila Varella-Garcia, PhD,* Tetsuya Mitsudomi, MD,T Yashushi Yatabe, MD,}
Takayuki Kosaka, MD, T Eiji Nakajima, MD,* Ana Carolina Xavier, MD,* Margaret Skokan, BS,*
Chan Zeng, PhD,* Wilbur A. Franklin, MD,* Paul A. Bunn, Jr., MD,*
and Fred R. Hirsch, MD, PhD*

Background: Sensitivity to epidermal growth factor receptor
(EGFR) tyrosine kinase inhibitors (TKIs) and frequency of acti-
vation mutations in EGFR is lower in Caucasian than Asian non
small-cell lung cancer (NSCLC) patients. Increased EGFR gene
copy numbers evaluated by fluorescence in situ hybridization
(FISH) has been reported as predictor of clinical benefit from
EGFR-TKIs in Caucasian NSCLC patients. This study was car-
ried out to verify whether EGFR FISH had similar performance
in Japanese patients.

Methods: A cohort of 44 Japanese patients with recurrent NSCLC
after surgery was treated with gefitinib 250 mg daily. The cohort
included 48% females and 52% never-smokers; 73% had prior
chemotherapy and 57% had stage UI-IV at the time of surgery.
Adenocarcinoma was the most common histology (86%). FISH was
performed using the EGFR/Chromosome Enumeration Probe 7 and
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PathVysion DNA probes (Abbott Molecular). Specimens were clas-
sified as FISH positive when showing gene amplification or high
polysomy (=4 copies of the gene in =40% of tumor cells). Tumor
response to gefitinib was assessed by RECIST for 33 patients with
measurable diseases.

Results: Twenty-nine tumors (66%) were EGFR FISH+ and 23
(53%) were HER2 FISH+. Overall response rate was 52%, repre-
senting 65% of EGFR FISH+ patients and 29% of EGFR FISH—
patients (p = 0.0777). Survival was not impacted by the EGFR
FISH (p = 0.9395) or the HER2 FISH (p = 0.0671) status. EGFR
FISH+ was significantly associated with HER2 FISH+ (p = 0.015)
and presence of EGFR mutation (p = 0.0060). EGFR mutation
significantly correlated with response (p < 0.0001) and survival
after gefitinib (» = 0.0204). EGFR and HER2 FISH status were not
associated with KRAS mutation,

Conclusion: Frequency of EGFR FISH+ status was higher and its
predictive power for TKT sensitivity was lower in this Japanese
cohort than in Western NSCLC cohorts. These findings support
differences in the mechanisms of EGFR pathway activation in
NSCLC between Asian and Caucasian populations, Confirmation of
these results in larger cohorts is warranted.

Key Words: FISH, EGFR, HER2, KRAS, Biomarkers, NSCLC,
Tyrosine inhibitors.

(J Thorac Oncol. 2009:4: 318~325)

Tumor dependence on specific molecular pathways may
identify the best target for therapy exploration. Activation
of the epidermal growth factor receptor (EGFR)-related sig-
naling pathways drives numerous cancer-promoting pro-
cesses, such as cell proliferation, apoptosis inhibition, angio-
genesis, cell adhesion, and motility and invasion, and also
controls development of drug resistance.! Therefore, anti-
EGFR approaches (antibodies directed against the extracel-
lular domain and small inhibitors of the tyrosine kinase
activity) have been one of the most successful examples of
molecular target therapy in human solid neoplasias, mainly in
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non small-cell lung cancer (NSCLC), head and neck, pancre-
atic and colorectal carcinomas.?

Targeted therapies are expected to be effective when
the targeted molecule is a major player in the tumor cellular
processes, which usually does not occur in all patients with
any specific solid tumor. Strategies for patient selection for
targeted therapy are almost universally considered to be
necessary but are not fully implemented, even for anti-EGFR
therapies. In NSCLC, causally associated with EGFR activa-
tion are mutations in the adenosine triphosphate-binding site
of the tyrosine kinase domain that sustain abnormal response
to the ligand,*# activate multiple signaling transduction path-
ways>¢ and selectively activate AKT and signal transducers
and activators of transcription signaling.67 Increased gene
copy numbers is also a well known mechanism for activation
of EGFR-related pathways in gliomas,? breast,” colon,'? head
and neck cancers,!land NSCLC.!12

In NSCLC, at lcast three molecular markers have been

_consistently associated with sensitivity or resistance to

EGFR-TKIs (tyrosine kinase inhibitors): mutations and am-
plification/overrepresentation of the EGFR gene’-5.12-14 and
mutation in the KRAS genes.?5-!18 The impact on survival has
been extensively investigated for activating EGFR muta-
tions,!? and less for the EGFR gene copy numbers!2.14.2021 or
for the KRAS mutations'é22 and results among studies have
not been totally concordant. Distinct technologies have been
used to identify mutations and genomic gain and part of the
discrepancies among results from different studies may due to
technical factors. However, other factors such as smoking
status, gender, and ethnicity have been demonstrated to im-
pact sensitivity to EGFR-TKIs. Patients of Eastern Asian
origin have significantly better clinical outcome to EGFR-
TKIs than western populations®®2} but reasons for these
differences are not completely understood. The most impor-
tant factor so far accounting for this finding is that the Asian
NSCLC patients including Japan, have high incidence of
activating EGFR mutations,*25

This study aimed to verify the role of EGFR genomic
gain as a marker for sensitivity to gefinitib in a Japanese
cohort using fluorescence in situ hybridization (FISH), a
technology proved to be successful for prediction of outcome
to EGFR TKIs in some Caucasian NSCLC populations. Tn
addition, the study aimed to compare EGFR genomic gain
with two other gefitinib-related markers, activating mutations
in EGFR and resistant mutations in KRAS, which were
previously investigated in this cohort.!?

PATIENTS AND METHODS

Description of Patient Population and Definition
of Effectiveness of Gefitinib Treatment

From a population of NSCLC patients who underwent
surgery between 1999 and 2003 in the Aichi Cancer Center
Hospital in Nagoya, Japan, 75 had recurrcnt disease and were
treated with 250 mg/daily of gefitinib for recurcent disease.
From those, response to treatment could not be evaluated in
6 cases, tumor material was not available in 24 cases, and FISH
analyses failed in 4 cases. Thus, the cutrent study reports on 44
patients, all of whom provided consent for the study.

Tumor materials obtained at initial tumor resection for
these 44 NSCLC cases had been previously investigated for
EGFR and KRAS mutations.!31¢ Tumor response to gefitinib
treatment was evaluated for 33 patients c¢liminating 11 pa-
tients who did not have measurable discases. Tumor response
was judged according to the RECIST, without requirement of
confirmation of tumor response no less than 4 weeks apart.
The length of gefitinib therapy was used as a swrogate for
disease free survival and overall survival was calculated form
the start of gefitinib administration to death from any cause or
the most recent date on which the patient was known to be alive.

EGFR and HER2 Fluorescence In Situ
Hybridization Assays

Formalin-fixed, paraffin-embedded tumor blocks
were sectioned at 4 wm and submitted to dual-color FISH
assays using the Locus Specific Indicator EGFR Spectrum-

* Orange/CEP 7 SpectrumGreen and the PathVysion DNA

Probe Kit (HER2 SpectrumOrange/CEP 17 SpectrumGreen
Vysis/Abbott Molecular) following protocol previously de-
scribed.!? Briefly, slides were deparaffinized in CitriSolv
(Fisher Scientific) and washed in 100% ethanol for 5 minutes.
The slides were then sequentially incubated in 2X SSC
(saline sodium citrate) at 75°C for 13 to 18 minutes, digested
in 0.25 mg/ml Proteinase K/2X SSC at 45°C for 14 to 18
minutes, washed in 2X SSC for 5 minutes and dehydrated in
ethanol series. Probes were applied according to the manu-
facturer instructions to the selected hybridization areas,
which were covered and sealed. DNA denaturation was
performed in dry oven for 15 minutes at 80°C and hybrid-
ization was allowed to occur for 20 hours at 37°C in a
humidified chamber. Posthybridization washes were per-
formed consecutively in 2X SSC/0.3% NP-40 at 72°C and
2X SSC for 2 minutes each. Following dehydration in etha-
nol, chromatin was counterstained with 4> = 6-diamidino-2-
phenylindole (DAPT) (0.3 pg/mi in antifade Vectashield
mounting medium, Vector Laboratorics). Analysis was per-
formed on epifluorescence microscopes using single interfer-
ence filters sets for green, red (Texas red) and blue (DAPI) as
well as dual (red/green) and triple (blue, red, green) band pass
filters. For documentation, images were acquired using
charged-coupled device camera with Z-stacking and merged
using dedicated software (CytoVision, Applied Imaging).

At least 50 tumor nuclei were analyzed in tumor areas
selected using the correspondent HE stained slide as a guide.
Scoring system followed previous publications.!? According
to the frequency of tumor cells with specific number of copies
of the gene and the CEP targets, the tumors were initially
classified into six FISH categories (disomy, low and high
trisomy, low and polysomy, and gene amplification) and
finally grouped into two strata: (a) FISH negative including
disomy to low polysomy tumors, which basically have =4
copies of the gene in <40% of cells; and (b) FISH positive
including tumors with high polysomy (=4 copies in =40% of
cells) and gene amplification (defined by a ratio gene/chro-
mosome per cell 22, presence of small or nonenumerable
clusters of the gene signal or =15 copies of the gene signal in
=10% of the analyzed cells).

Copyright © 2009 by the International Association for the Study of Lung Cancer 319
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TABLE 1. Population Characteristics

Variable Categories Statistics

Age (years) Median 60.9 X 10.3
Range 38-79

Gender Male 23 (52.3%)
Female 21 (47.7%)

Smoking Never 23 (52.3%)
Ever 21 (47.7%)

Histology Adenocarcinoma 38 (86.4%)

Nonadenocarcinoma 6 (13.6%)

(SqC, LCY"

Differentiation Poor 10 (26.3%)
Moderate 22 (57.9%)
Well 6 (15.8%)
Not determined 6
Stage Farly (I-11) 19 (43.2%)
Advanced (111-1V) 25 (56.8%)
Prior chemotherapy Yes 12 (27.3%)
No 32(72.7%)
Survival after surgery (days) Median 2081
Range 2502655
Tumor response (RECIST) Yes 17 {52%)
No 16 (48%)
Disease free interval (days) Median 375
i Range 99-1818
Survival after gefitinib (days) Median 562
Range 69-724
Death Dead 15 (34.1%)

Alive 29 (65.9%)

“ SqC, Squamous cell carcinoma: LC, Large cell carcinoma.

Statistical Analysis

For comparisons of proportions, the Pearson’s x* test or
the Fisher’s exact test was used. Nonparametric Wilcoxon
rank sum test or Kruskal-Wallis test was used to compare the
difference in continuous variables. The Kaplan-Meier method
was used to estimate the probability of survival as a function
of time, and survival differences between groups were ana-
lyzed by the log-rank test. The two-sided significance level

was set at p < 0.05, All analyses were performed using SAS
version 9.1 (SAS Institute Inc, Cary, NC) software.

RESULTS

Clinical and demographical characteristics are summa-
rized in Table 1. The patients were evenly split between
males and females, never or ever smokers and with early or
advanced stage disease. Adenocarcinoma histology and
poorly or moderately differentiated histologic grade were
prevalent. Most patients had not received prior chemother-
apy. Median disease free interval after surgery was 375 days,
median survival after gefitinib treatment was 562 days, and
66% of patients were alive at the time of last follow up.

EGFR FISH and mutation status in relation to demo-
graphics are summarized in Table 2. While EGFR mutation
was associated with female gender, never-smoking status,
and adenocarcinoma histology, none of these was rclated
with EGFR-FISH status.

Distribution of patients through the FISH categories is
illustrated in Figure 14 for the EGFR gene and Figure 1B for
the HER2 gene. The majority of tumors (29 cases [66%])
were EGFR FISH positive, predominantly due to a large
representation of tumors with high polysomy (23 cases, 52%,
Figure 2.4) rather than gene amplification (6 cases, 14%,
Figure 2B). Also, a high namber of tumors (23 cases, 53%)
were positive for HER2 FISH, of which 21 cases (48%) were
represented by high polysomy and only 2 cases (5%) by gene
amplification (illustrated in Figure 2C). EGFR and HER2
patterns were significantly associated (p = 0.015): 19 cases
(43%) of tumors were positive and 1lcases (25%) were
negative for both genes, while 14 cases (32%) had discordant
patterns; EGFR FISH positives were more likely to be HER2
FISH positives (19/29 = 66%) than EGFR FISH negatives
(4/15 = 27%).

Overall, the specimens with amplification of the EGFR
or HER2 genes exhibited clusters of loosely associated sig-
nals (Figures 2B, C) indicating that the amplification occurred
as homogenously staining regions. However, one specimen
displayed EGFR gene amplification as numerous, diffuse
signals mimicking the extrachromosomal double minutes
(Figure 2D). Heterogeneity for both EGFR and HER FISH

TABLE 2. EGFR FISH and Mutation Status According to Demographics
EGFR FISH EGFR Mutation

Variable Categories Positive Negative p Positive Negative 4

Age (years) Median 61.0 62.0 61.0 61.0

Gender Male 15 (65%) 8 = 09193 11 (48%) 12 p = 0.0536
Female 14 (67%) 7 16 (76%) 5

Smoking Never 15 (67%) 8 p = 09193 18 (78%) 5 p = 0010
Ever 14 (65%) 7 9 (43%) 12

Histology Adenocarcinema 25 (66%) 13 p = 0.9664 26 (68%) 12 p = 00151
Nonadenocarcinoma 4 (67%) 2 1 (17%) 5

(SqC, LCY

FISH, fluorescence in situ hybridization: EGFR, epidermal growth factor receptor.

? SqC, Squamous cell carcinoma; LC. Large cell carcinoma,
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FIGURE 1. Frequencies of tumors
with distinct categories for the epi-
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EGFR FISH status

patterns was common, with tumor foci showing nuclei with
high copy numbers (including gene amplification) in-
terspaced with nuclei with low copy numbers.

The association between FISH patterns and response to
the gefitinib treatment for 33 patients with measurable dis-
eases is shown in Table 3. Response to gefitinib was margin-

dermal growth factor receptor-flu-

<5 orescence in situ hybridization
Y (EGFR-FISH) (A) and the HER2 FISH
\é§§‘ (B) assays. Negative category in-

I cludes disomy to low polysomy.
Positive category includes high
polysomy and gene amplification,

FIGURE 2. Hybridization of the
non small-cell lung cancer (NSCLC)
sections with the epidermal growth
factor receptor EGFR/CEP7 (A, B,
D) and the PathVysion probe set
(Q) showing EGFR high polysomy
(A), EGFR clustered gene amplifica-
tion (B), HER2 gene amplification
(Q) and EGFR amplification as dou-
ble minutes (D).

ally higher in EGFR FISH positive (65%) than negative
(29%) patients (p = 0.0777). Patients with EGFR gene
amplification had a trend towards better benefit (response
in 4 of 4 = 100%) than patients with high polysomy
(response in 9 of 16 = 56%). HER2 FISH positive pattern
trended no impact, including 47% of responders (p =

Copyright © 2009 by the International Association for the Studv of Lung Cancer 321
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TABLE 3. Tumor Response in Relation to EGFR FISH, HER2 FISH, EGFR Mutation and KRAS
Mutation Status

Patients Tumor response
Moelecular marker Categories n % PR (%) Sb PD P
EGFR Positive (+) 20 61 13 (65%) i 6 p = 00777
Negative {—) i3 39 4 (29%) 0 9
HER2 Positive (+) 17 52 8 (47%) 0 9 p = 04426
Negative (—) 16 48 9 (56%) 1 6
EGFR and HER2 +/+ 13 39 8 (62%) 0 5 p = 0.2451
+/- 7 21 5(71%) 1 I
—/+ 4 12 0 (0%) 0 4 .
-/~ 9 27 4 (44%) 0 5
EGFR mutation Positive (+) 20 61 17 (85%) i 2 p < 0.0001
Negative {(—) 13 39 0 (0%) 0 13
EGFR FISH and EGFR +/+ 16 48 13 (81%) t 2 p = 0.06029
mufation +/— 4 12 0 (0%) 1] 4
—/+ 4 12 4 (100%) 0 0 ol
—i—= Y 27 0 (0%) 0 9
KRAS mutation Positive (+) 4 13 0 (0%) 0 4 p = 0.0995
Negative (—) 26 87 14 (54%) 1 11
EGFR FISH and KRAS +/+ 0 0 0 (0%) 0 0 P
mutation +/= 17 57 10 (59%) 1 6
—/+ 4 i3 0 (0%) 0 4 p¢
—/= 9 30 4 (44%) 0

FISH. fluorescence in situ hybridization: EGFR, epidermal growth factor receptor; PR, partial response; PD. progressive discase.
 p value could not be calculated because of blank cells.

TABLE 4. Time to Treatment Failure According to EGFRFISH, HER2 FISH, EGFR Mutation and KRAS
Mutation Status

Patients TTF after
s Gefitinib (Days)
Molecular marker Categories H Yo Median P
EGFR Pasitive (+) 29 66 169 0.722
Negative (—) 15 34 97
HER2 Positive (+) 23 53 121 0.1815
Negative (—) 21 47 144
EGFR and HER2 +/+ 19 43 169 0.0179
+/~ 10 23 118
—=/+ 4 9 56
—/— 1 25 144
EGFR wmutation Pasitive (+) 27 61 31 <0.0001
Negative (—) 17 39 83
EGFR FISH and EGFR +/+ 22 50 182 <0.0001
mutation +/— 7 16 67
—/+ 3 it 916
—/= 10 23 83
KRAS mutation Positive (+) 5 12 87 0.0248
Negative (—) 36 88 146
EGFR FISH and KRAS +/+ 1 2 113 0.0767
mutation i 25 6l 169
—/+ 4 1o 57
-/ i 23 144

FISH, fluorescence in sit hybridizaton; EGFR, epidermal growth factor receptor; TTF, time to treatment failure,
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0.4426). Response rate was 62% of patients with EGFR
and HER2 FISH positive tumors, in 45% of patients with
EGFR or HER2 FISH positive tumors, and in 44% of
patients EGFR and HER2 FISH negative tumors. Time to
treatment failure (TTF) was not significantly associated
with EGFR or HER2 FISH positivity (Table 4). Overall
survival was not associated with patterns of EGFR FISH
(p = 0.93) or HER2 FISH (p = 0.69), as shown in Figure
34, B. EGFR FISH+ patients with high polysomy (score
5) and true gene amplification (score 6) did not differ
regarding survival (p = 0.6607; Figure 3C).

Among these 44 NSCLC patients, 27 (61%) had acti-
vating mutations in the tyrosine kinase domain of the EGFR
gene and, among 41 who were tested for KRAS mutations, 5
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amplification (C).
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(12%) had point mutations in codons 12 or 13. Table 3 also
shows tumor response according to presence or absence of
EGFR and KRAS mutations, both individually and in com-
bination with EGFR FISH. EGFR mutation was significantly
associated with tumor response (p < 0.0001) and prolonged
TTF (p < 0.0001) or survival (p = 0.02; Figure 44 and Table
4). EGFR FISH positivity was significantly associated with
presence of EGFR mutation (p = 0.0060). Patients with
EGFR mutation were more likely to be EGFR FISH positive
(22/27 = 81%) than patients with wild type EGFR (7/17 =
41%). EGFR mutations were present in all 6 tumors with
EGFR gene amplification and in 16 out of 23 tumors with
EGFR high polysomy (70%). Response rate was 81% of 16
cases positive for bath EGFR FISH and mutation and all 4
EGFR FISH negative/EGFR mutation positive cases re-
sponded to gefitinib (Table 3).

Conversely, none of the 4 patients with KRAS mutation
(none of whom were EGFR FISH positive) or of the 13
patients with EGFR wild type (4 of whom were EGFR FISH
positive) benefited from gefitinib treatment. Presence of
KRAS mutation was significantly associated with TTF (p =
0.0248) but not with lack of response (p = 0.0995) or overall
survival (p = 0.4136, Figure 4B).

DISCUSSION
The EGFR FISH positive status had a borderline asso-
ciation to response of gefitinib treatment, but no impact on
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survival in this cohort of Japanese NSCLC patients. These
results do not support a predictive role of the established
EGFR FISH assay to gefitinib sensitivity in Japanese NSCLC
patients. This observation contrasts with previous findings in
Caucasian NSCLC populations obtained by our group!>292! and
others,'# that had identified EGFR genomic gain by FISH as a
significant predictor of outcome to EGFR-TKIs. [ the current
study, EGFR mutation was highly predictive of both response
and survival to gefitinib. Lack of predictive value of EGFR
FISH or EGFR gene copy numbers as assessed by quantitative
polymerase chain reaction have also been reported by Korean!?
and Japanese2¢ groups. Therefore, there seems to be ethnic
differences as to whether EGFR genomic gain is predictive for
response or survival after geftinib treatment.

The clinical and demographical characteristics of this
Japanese cohort were distinctive, including high proportion
of female, never smokers, carly stage disease, no prior che-
motherapy, and adenocarcinomas. Unselected cohorts of
Asian origin usually have higher frequency of females
(40%2*7) and never smokers (40%>7) than Caucasians (34%
for females, 9% for never smokers according to Kobrinsky
et al.28). In addition, this cohort had one of the highest
reported frequencies of EGFR FISH+ tumors (68%) and
EGFR mutations (61%). Taken only studies that evaluated
gene copy numbers by FISH with identical or similar scoring
criteria, the frequency of EGFR FISH+ tumors ranged from
44 to 48% in Asian patients!72629 and from 32 to 45% in
Caucasian NSCLCs.'42! EGFR activating mutations are well
known to be more prevalent in Asian (40—50% of adenocar-
cinomas?730) than Caucasian NSCLCs (10% of adenocarci-
nomas?5). Altogether, these findings substantiate the interest-
ing hypothesis that there are ethnicity-associated molecular
peculiarities in NSCLC.

The two EGFR geue markers, activating mutation and
genomic gain, were significantly correlated in this cohort.
Association between EGFR gene amplification and activating
mutations has been reported in NSCLC cell lines’t and
clinical specimens of Caucasian'? and Asian origins.!73?
Furthermore, the selective amplification of the mutant allele
was verified in the cell lines H3255, H827, PC-9, KT-2, KT-4
and Ma-1,3! as well as in Asian patients.’> These findings
support the hypothesis that there is a selection of cells
carrying the amplification of the mutant allele in lung tumor-
igenesis. Interestingly, high EGFR copy numbers due to
chromosomal ancusomy or structural rearrangements (high
polysomy) were also associated with mutations in this cohort
and in Caucasian NSCLC.%

Status of the HER2 gene in NSCLC has been poorly
explored and discrepant results have been reported in asso-
ciation with outcome to EGFR-TKIs.3* In this cohort, HER2
genomic gain showed up as a negative impact factor for
survival after gefinitib treatment, in contrast to our previous
results in an Ttalian cohort.?* Conversely, none of the five
KRAS mutant tumors showed treatment efficacy in this
study, in agreement with previously findings that KRAS
mutations are primary resistance factors to EGFR-TKIs.!8-3%

In summary, the study showed that the EGFR FISH
scoring criteria proposed for stratification of NSCLC for

therapy with EGFR-TKIs was not effective in Japanese pa-
tients as in Caucasian patients. Confirmation of these
results in larger cohorts is warranted and investigation of
factors that may underlie distinct molecular mechanisms of
activation of the EGFR pathway in these populations
should be investigated.
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