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HRQoL. health-related quality of life; EGFR, epidermal growth factor receptor;
EFQ, cvaluable-for-quality-of-life; FACT-L, Functional Assessment of Cancer
Therapy-Lung: TOIL, Trial Qutcome index; LCS, Lung Cancer Subscale; . number
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with NSCLC. Patients with EGFR mutation-positive tumors
reported a time-to-improvement of 8 days (FACT-L and
LCS) and 11 days (TOI) with gefitinib, suggesting a rapid
improvement in both HRQoL and symptoms. When the rapid
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improvement in HRQoL and symptoms are considered in
conjunction with the significantly prolonged PFS and higher
ORR seen in this subgroup,” gefitinib can be considered an
important first-line treatment option in this molecularly
defined population. Conversely, the lesser amount of im-
provement in HRQoL and symptoms, and significantly
shorter PFS and lower ORR reported in patients with
EGFR mutation-negative tumors treated with gefitinib versus
carboplatin/paclitaxel,” highlight the importance of a chemother-
apy-based regimen in this subpopulation. Additionally, impair-
ment in HRQoL caused by adverse events, and imimediacy and
evidence of benefit, are known to impact on patient adherence to
oral anticancer therapy.?? The ability of gefitinib to rapidly
improve HRQoL and symptoms during treatment, together with
the significantly longer survival without CTC grade 3 or 4
toxicity with gefitinib reported in IPASS, could be important
factors in maintaining a patient’s adherence to therapy.

To summarize the HRQoL and symptom improvement
data from IPASS, patients with EGFR mutation-positive
tumors had greater improvement in HRQoL and symptoms
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when treated with gefitinib compared with carboplatin/pacli-
taxel. Conversely, patients with EGFR mutation-negative
tumors benefited most from carboplatin/paclitaxel treatment,
further highlighting the importance of personalized NSCLC
treatment based on the tumor molecular characteristics.
IRESSA is a trademark of the AstraZeneca group of companies.
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ORIGINAL ARTICLE

Serum Heparan Sulfate Concentration is Correlated with
the Failure of Epidermal Growth Factor Receptor Tyrosine
Kinase Inhibitor Treatment in Patients with Lung
Adenocarcinoma
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Introduction: The epidermal growth factor receptor (EGFR) muta-
tion status is a validated biomarker for the stratification of EGFR-
tyrosine kinase inhibitor (EGFR-TKIs) treatment in patients with
non-small cell lung cancer (NSCLC); however, its use is limited in
patients with wild-type EGFR, and new biomarkers are needed. We
hypothesized that the serum concentration of heparan sulfate (HS),
which activates oncogenic growth factor receptor signaling through
EGFR and non-EGFR signaling pathways, may be a novel glyco-
biological biomarker for EGFR-TKIs treatment in NSCLC.

Methods: The pretreatment serum HS concentrations were deter-
mined using enzyme-linked immunosorbent assay in 83 patients
with stage IV non-small cell lung adenocarcinoma who received
EGFR-TKIs treatment. The relationship between the serum HS
concentrations and patient characteristics, tumor response, progres-
sion-free survival (PFS), and overall survival (OS) were analyzed.
Results: Patient sex. performance status, smoking history, and
EGFR mutation status were associated with tumor response. The
serum HS concentrations were significantly higher among patients
with progressive disease than among those without progressive
disease (p = 0.003). Furthermore, the serum HS concentrations were
strongly associated with a poor PFS and OS in a univariate Cox
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analysis (p = 0.0022 and p = 0.0003, respectively). A stratified
multivariate Cox model according to the EGFR mutation status
showed that higher HS concentrations were significantly associated
with a shorter PFS and OS (p = 0.0012 and p = 0.0003).
Conclusion: We concluded that a high-serum HS concentration was
strongly related to a poor treatment outcome of EGFR-TKIs and
may be a promising noninvasive and repeatable glycobiological
biomarker in cancer treatment.

Key Words: Heparan sulfate, Non-small cell lung cancer, EGFR-
tyrosine kinase inhibitors.

(J Thorac Oncol. 2011;6: 1889-1894)

H eparan sulfate proteoglycans (HSPGs) are composed of a
core protein and one or more heparan sulfate (HS)
glycosaminoglycan (GAG) chains. Many studies have dem-
onstrated the importance of these molecules in development
and normal physiology including metabolism, transport, in-
formation transfer, support, and regulation at the systemic
level and the cellular level.! Heparin and HS consist of
repeating disaccharide units that comprised a hexuronic acid
and a p-glucosamine linked to each other and to other
disaccharides by 1A4 linkages.® The HS component sugars
(N-acetylgalactosamine and B-p-glucuronic acid/a-t-iduronic
acid) and patterns of sulfating modifications create an ex-
traordinarily large potential for structural diversity.2 The
structural diversity of HS is considered to be important
because HS can bind and interact with a wide variety of
proteins including thrombin, fibroblast growth factors (FGFs)
1 and 2, hepatocyte growth factor (HGF), vascular endothe-
lial growth factor (VEGF), interleukin-8, MIP-1, P-selectin,
laminin, and fibronectin.® Such interactions arc thought to
mediate the enhancement of growth factor/receptor signaling
activity, promote tumor growth, regulate differentiation, in-
duce angiogenesis, modulate host immune cell responses to
tumor cells, and promote metastasis in cancer cells.?> Among
the biological activities of HS, a large body of structural data

1889

Copyright © 2011 by the International Association for the Study of Lung Cancer.



Nishio et al.

Journal of Thoracic Oncology * Volume 6, Number 11, November 2011

has demonstrated that HS enhances FGFs/FGF receptor sig-
naling by acting as a template that bridges FGF and the FGF
receptor.® A structure-based proposal for an HS sequence
able to bind FGF and FGFR showed that the interaction
between HS and FGFs or FGFRs scemed to be determined by
a specific sequence of 5-10 saccharides with sulfating mod-
ifications.> Other growth factor/receptor interactions may
follow a similar binding and activation process. Thus, HS and
HSPG expression may enhance the activity of oncogenic
growth factor receptor signaling in cancer cells.

Meanwhile, sclective epidermal growth factor receptor
tyrosine kinasc inhibitors (EGFR-TKIs) block EGFR signal
transduction pathways implicated in the proliferation and
survival of cancer cells®=# and have exhibited clinical activity
against non-small cell lung carcinoma (NSCLC®-'!). Several
clinical and molecular biomarkers of EGFR-TKI treatment
have been identified such as gender, smoking status, NSCLC
histology, East Asian ethnicity, and an active LGFR mutation
status that confers constitutively active tyrosine kinase activ-
ity and a hyperresponsiveness to gefitinib among patients
with NSCLC.'213 These mutations arc observed mostly in
either point mutations in cxons 18 (G719A/C) and 21 (L858R
and L861Q) or in-frame dcletions in exon 19 located at
position 745.14 Two recent phase 11 trials targeting adeno-
carcinoma in patients with NSCLC with EGFR mutations
have demonstrated that the gefitinib group had a significantly
longer progression-free survival (PFS) than the platinum-
doublet therapy group.!®'¢ These data indicated that the
EGFR mutation status is a powerful predictor of the tumor
response to EGFR-TKIs.

Recently, we have shown that the serum concentrations
of heparin binding growth factors including heparin-binding
EGF-like growth factor (HB-EGF), HGF, and VEGF are
closely related to the treatment response of EGFR-TKIs in
patients with NSCLC.'7 Our results have demonstrated that
the scrum concentrations of these growth factors were
strongly related to the outcome of EGFR-TKIs treatment and
suggest that these levels could be used to refine the selection
of patients expected to respond to EGFR-TKIs treatment. On
the basis of thesc findings, we speculated that the serum
concentration of HS, which activates oncogenic growth factor
receptor signaling through EGFR- and non-EGFR signaling
pathways, may be a novel glycobiological biomarker for
EGFR-TKIs treatment in NSCLC. Identifying such a marker
would contribute to the further individualization of treatment
for NSCLC. In this report, we retrospectively studied the
pretreatment serum HS concentrations in patients with stage
1V non-small cell lung adenocarcinoma who underwent treat-
ment with EGFR-TKIs.

PATIENTS AND METHODS

Patients

Pretreatment serum samples from histologically con-
firmed adenocarcinoma and patients with stage IV NSCLC
(n = 93) were evaluated in this study. Six patients were
excluded because their tumor response was not cvaluated.
Three additional paticnts were excluded because a complete
clinical data set was not available, and a sufficient scrum
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sample was not available for one patient. Thus, 83 patients
were included in the final analysis. All the patients had been
treated with EGFR-TKIs (gefitinib, n = 78; erlotinib, n = 5)
at one of three centers (Kanazawa University, Japan; Cancer
Institute Hospital, Japan; and Tokyo Medical University,
Japan). The tumor response was evaluated every 2 to 3 months
using computerized tomography according to the Response
Evaluation Criteria in Solid Tumors; the response was then
classified as a complete response, a partial response (PR), stable
discase (SD), or progressive discase (PD). Clinicopathological
features including age, sex, Eastern Cooperative Oncology
Group performance status (PS), TNM stage, smoking status and
EGFR mutation status were recorded. To detect active EGFR
mutations, direct sequencing of a tumor sample was performed
in 37 patients; 18 of these samples were found to harbor an
EGFR mutation, whercas the remaining 19 samples exhibited
wild-type EGFR. The mutation status of the other 46 patients
was not cvaluated. The median follow-up period was 8.2
months. This study was approved by the institutional review
boards of all the centers involved in the study.

Preparation of Serum Samples

Blood samples were collected before the initiation of
EGFR-TKI treatment. The separated serum was stocked at
—80°C until use.

Serum HS Concentrations

Serum HS concentrations were determined using a
human heparan sulfate enzyme-linked immunosorbent assay
(ELISA) Kit (Code. No. 280564; Scikagaku Biobusiness,
Tokyo, Japan). This sandwich-type ELISA kit is composed of
two specific monoclonal antibodics recognizing the disaccha-
ride units of HS. It specifically detects HS but does not
crossreact with heparin, hyaluronic acid, chondroitin sulfate
(C8), or keratin sulfate. In brief, a 50 ul aliquot of serum was
trcated with 5 ul of actinase E at a concentration of 20 mg/ml
at 37°C for 20 hours; the reaction was stopped by heating at
100°C for 5 minutes. The sample was then centrifuged at
10,000 rpm for 10 minutes, and the supernatant (20 wl) was used
for the analysis. The sample was diluted with 40 ul of the
reaction buffer. Then, 20 ul of the samples were measured in
duplicate according to the manufacturer’s instructions. The ab-
sorbance of the samples at 450 nm and 630 nm was measured
using VERSAmax (Japan Molecular Devices, Tokyo, Japan).
The average was used for the subsequent analyses.

Statistical Analysis

The primary objective was to investigate novel markers
correlated with treatment efficacy independently of EGFR
status. If a molecule was very strongly associated with sur-
vival after adjustments for the EGFR status and important
prognostic factors, then that molecule was decmed as war-
ranting further prospective study to determine whether it was
a predictive factor, a prognostic factor, or both. The distribu-
tions of the clinical factors were compared between patients
with PD and those without PD using the Fisher’s exact test.
In terms of the analysis for survival time (PFS and overall
survival [OS]), clinical factors including age, sex, Eastern
Cooperative Oncology Group PS, and smoking status were
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examined using the Cox proportional hazards model. After
selecting the important clinical variables, we considered these
variables fixedly in a Cox proportional hazards model and
then determined whether the molecule was associated with
survival independent of the important clinical variables at a
two-sided significance level of 0.05. Log-transformed values
were used for the molecule in the Cox models. The propor-
tional hazards assumption was assessed graphically and using
an individual time-dependent component for each covariate.
In the multivariate Cox models, the EGFR status (wild
type/mutant/unknown) was treated as a stratified variable. We
applied the above analyses to all the cases, to the cases in
which the EGFR status was evaluated, and to the cases with
wild-type EGFR to check the robustness of the conclusions.
The survival curves for PFS and OS were estimated using the
Kaplan-Meier method. All the statistical analyses were per-
formed using SAS for Windows (version 9.1.3).

RESULTS

Patient Characteristics and Tumor Response

The patient characteristics are listed in Table 1. All 83
patients were of Asian ethnicity and had been treated with
EGFR-TKIs (gefitinib, n = 79; erlotinib, n = 4). Sixty-six
(80%) and four (5%) patients had previously received che-
motherapy and radiotherapy, respectively. Nineteen patients
had wild-type EGFR, 18 had active mutations (exon 19, n =
13 and exon 21, n = 5), and 46 had an unknown status
because their samples had been collected before the identifi-
cation of this biomarker.'2!* Regarding the response to
EGFR-TKIs treatment, a PR was observed in 34 (41%)
patients, SD was observed in 20 (24%) patients, and PD was
observed in 29 (35%) patients; none of the patients exhibited
a complete response. Significant differences in the tumor
response were observed for patients characteristics such as a
sex (p = 0.0002), PS (p = 0.04), smoking history (p =
0.003), and EGFR status (p = 0.00001). These findings were
consistent with those of many previous reports.

Serum Concentrations of HS and Tumor
Response

The serum concentration of HS ranged from 3.3 to 85.8
wg/ml in all the patients (Table 1) and were over 20 pg/ml in
13 patients, indicating the presence of large individual dif-
ferences in serum HS concentration. The serum HS concen-
tration is shown for the tumor response groups in Figure 1. Of
note, the serum HS concentration was significantly higher
among patients with PD (22.2 * 23.1 pg/ml) than among
those without PD (10.9 = 9.8 ug/ml, p = 0.003). The
sensitivity and specificity of HS for discriminating PD from
PR + SD were determined using the optimal cutoff value
(13.5 pg /ml) obtained from a receiver operating character-
istic (ROC) curve according to a previous report.!” The
sensitivity and specificity of HS for discriminating PD from
PR + SD were 0.448 and 0.851, respectively.

Univariate Analysis of Clinical Molecular
Factors for PFS and OS

The median PFS and OS were 4.1 and 10.2 months,
respectively. Among the clinical factors that were examined,

Copvright © 2011 by the Imternational Association for the Study of Lung Cancer

TABLE 1. Patient Characteristics, Serum Concentration of
Heparan Sulfate, and Response to EGFR-TKIs

Response
Total PR + SD PD
(n=83) (%) (n=54) (n = 29) P
Age (yr) 0.65
=65 43 (52) 27 16
>65 40 (48) 27 13
Sex 0.0002
Male 46 (55) 22 24
Female 37 (45) 32 5
PS 0.04
0-1 60 (72) 43 17
2-4 23 (28) 1 12
Smoking 0.003
Yes S1(61) 27 24
No 32 (39) 27 5
CTx 0.27
Yes 66 (80) 41 25
No 17 (20) 13 4
RTx 0.08
Yes 4(5) I 3
No 79 (95) 53 26
EGFR status 0.00001*
wild 19 (23) 6 13
Mutant 18 (22) 18 0
Unknown 46 (55) 30 16
HS
Range 3.3-85.8 3.3-51.0 3.8-85.8
Mean *£ SD 149 = 16.5 109 98 222 +231 0.003

p values are caleulated asing the 7 test for serum concentration of heparan sulfate
and the Fisher’s exact test for other variables.

“ Comparison between wild type and matant.

HS, scrum concentration of heparan sulfate (pgiml); PR, partial response: SD,
stable discasc; PD, progressive discase: PS, performance status: EGFR-TKIs, epidermal
growth factor receptor tyrosine kinase inhibitors; CTx. prior chemotherapy: RTx. prior
radiotherapy; —-, not done.

a male sex, a positive smoking history, and a poor PS were
significantly related with a poor PFS and OS (Table 2). A
higher serum HS concentration was significantly associated
with a shorter PFS (HR, 3.61; p = 0.0022) and OS (HR, 5.57;
p = 0.0003; Table 2). Thus, similar to the results for tumor
response, a high serum HS concentration was closely asso-
ciated with a poor EGFR-TKIs treatment outcome.

Figures 24, B shows the Kaplan-Meier estimates for
PFS and OS with respect to the concentrations of serum HS.
All the patients were divided into two groups according to the
cutoff value (13.5 ug /ml) described earlier. The curves
indicated that the high serum HS group had a significantly
poorer treatment outcome with respect to both PFS (median,
47 versus 161 days; p = 0.002) and OS (median, 105 versus
406 days; p = 0.0002).

Multivariate Analysis of Clinical Molecular
Factors for PFS and OS

As the EGFR status of half the patients in this study
was unknown, we used a stratified multivariate Cox analysis
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FIGURE 1. Box-whisker plots of serum HS concentration in

patients with a partial response (PR, n = 34), stable disease
(SD, n = 20), and progressive disease (PD, n = 29). HS, se-
rum concentration of heparan sulfate (ug/ml). *Progressive
disease (PD) versus PR + SD, p < 0.05.

TABLE 2. Univariate Analysis of Clinical and Molecular
Factors for Progression-Free Survival and Overall Survival

PKS 0S
Cox Cox
Log Rank, Log Rank,
r HR r » HR r

Age (yr)

>65 vs. =05 0.678 091 0.6791 0.978 0.99 0.9777
Sex

Male vs. female 0.002 2.08 0.0026  <.000} 3.06 0.0001
Smoke

Yes vs. no 0.024 1.74 0.0257 0.011 1.99 0.013
PS

24 vs, -] 0.075 1.56  0.079 0.002 231 0.002]
HS

Continuous n.d. 3.61 0.0022 n.d. 5.57 0.0003

Univariate analyses of factors for progression-free survival (PFS) and overall
survival (OS) were for all the patients. Log-transformed values were used for all the
molecules.

MR, hazard ratio: n.d. not done; HS. serum concentration of heparan sulfate
(ue/ml); PS, performance status.

that included the EGFR status as a stratification factor'®
(Table 3). First, sex and PS remained statistically significant
at a level of 0.05 in a multivariate model after backward
selection. The smoking status was no longer significant (p =
0.46 and p = 0.40 for PFS and OS, respectively) because it
was highly correlated with sex (p < 0.0001, Fisher's exact
test). Thus, we used sex and PS as fixed factors in the Cox
model. The serum HS concentration was significantly corre-
lated with poor treatment outcomes for PFS (HR = 3.98,p =
0.0012) and OS (HR = 5.42, p = 0.0003) in the final model;
a high concentration of HS was correlated with a shorter PFS
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and OS independently of the EGFR status, sex, and PS (Ta-
ble 3). In the final model, no interaction was shown between the
EGFR status and the serum HS concentration (p > 0.20 for both
PFS and OS). The results presented in Table 3 were also
stable in analyscs of subscts of patients with a known EGFR
status as well as patients with wild-type EGFR (data not
shown). Regarding EGFR mutations and the HS concentra-
tion, we verified the results in additional experiments using
an independent set of 48 serum samples from patients
whose tumor EGFR status was known. The results showed
that a high serum HS level was reproducibly associated
with a poor PFS during EGFR-TKI treatment, although the
p value was not significant (p = 0.087, Supplementary
Figure 1A, http://links.lww.com/JTO/A109). The EGFR
status did not scem to be associated with the serum HS
concentrations in the 48 additional samples (p = 0.48, Sup-
plementary Figure 1B, http:/links.lww.com/JTO/A109).

Taken together, these obscrvations suggested that a
high serum HS concentration was significantly associated
with the failure of EGFR-TKIs treatment and may be a novel
glycobiological biomarker.

DISCUSSION

The major GAG in the blood is CS, and other scrum
GAGs include HS, keratin sulfate, and hyaluronan.!” Many
methods are now available to measure the concentration of
seruni/plasma GAGs; these methods include cellulose acetate
membrane clectrophoresis, paper, affinity, and gas chroma-
tography, capillary electrophoretic analysis, and HPLC. Nev-
ertheless, no standardized mecthods exist for serum/plasma
GAG isolation and quantification.’? Qur approach using a
sandwich ELISA was easy to perform, quantitative, and
reproducible. The C.V. value was below 10% in intraplate,
intrakit, and intraday analyses (data of Seikagaku-kogyo).
Regarding individual differences, the Alcian blue dot blot
method showed that the GAG concentration of plasma from
hospitalized patients exhibited a variation of plasma GAGs of
0.1 to 17.6 mg/ml,2 and our result for the HS concentration
was 3.3 to 85.8 pg/ml. Identifying the cause of these indi-
vidual differences will require further study. Recent studies
have shown that the pleural fluid/serum GAG ratio may be
useful for the simultaneous differentiation of exudates from
transudates and of malignant exudates from benign exu-
dates.2! In ovarian cancer, the serum CS level may be useful
as a discriminator between benign ovarian disorders and
malignant ovarian discascs.??

Accumulating evidence has demonstrated that HSPG
has oncogenic roles in cancer cells. Perlecan is a potent
inducer of bFGF-mediated neovascularization in vivo.2? In
addition, several studies have shown that large deposits of
perlecan were observed in the tumor stroma and blood vessel
walls in liver tumor and invasive breast cancer in clinical
specimens.2t2% The strong reactivity for perlecan in tu-
moral stromal vessels suggests a role for these HSPGs in
tumoral angiogenesis, and the angiogenic effect is considered
to interact with various proangiogenic ligands.2® On the other
hand, high expression levels of shed/soluble syndecans-1 are
found in the scrum of patients with myeloma and lung cancer,

Copvright © 2011 by the International Association for the Study of Lung Cancer
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FIGURE 2. Kaplan-Meier curves for progression-free survival (PFS) and OS according to serum concentrations of heparan sul-
fate (HS). Optimal cutoff point (13.5 ug/ml) of serum HS was determined from a receiver operating characteristic (ROC)
curve to discriminate progressive disease (PD) or without PD. Kaplan-Meier curves for PFS (4) and OS (B) are shown. HS high,
patients with a serum HS concentration >13.5 ug/ml. HS low, serum HS concentration <13.5 pg/ml.

TABLE 3. Final Multivariate Model for Progression-Free
Survival and Overall Survival
PFS OS
HR P HR P

Sex

(male vs. female) 1.82 0.0231 243 0.0031
PS

(2--4 vs. 0-1) 1.09 0.7610 1.95 0.0235
HS* 3.98 0.0012 5.42 0.0003

Scx and PS were fixed in the model. Moiccular markers were then selected using
the backward sclection pracedure with a removal probability of 0.05. In all the steps, a
Cox model stratified according to the EGFR status (wild type/mutant/unknown) was
applicd.

“ Log-transformed values are used for HS.

PFS, progression-free survival: OS, overall survival: HR, hazard ratio; EGFR,
epidermal growth factor receptor: HS, serum concentration of heparan sulfate (pg/mi):
PS, performance status.

-and these high expression levels were predictors of a poor
prognosis.?’-*¥ Compared with the normal form of synde-
cans-1, the shed form of syndecans-1 gains oncogenic func-
tions leading to hyperinvasiveness and the increased tumor
growth of myeloma tumors in vivo.?® Thus, shed HSPGs
remain highly biologically active and can regulate cell growth
and metastasis in cancer.3 In line with this observation, our
findings that a high HS expression level was correlated with a
poor clinical outcome may be associated with the expression of
the shed/soluble form of HSPGs. Regarding the correlation
between the HS expression levels in tumor and serum samples,
we examined the HS expression levels in 10 independent pairs
of serum and surgical samples. Representative results of the
immunostaining for tumor HS expression are shown in Supple-
mentary Figure 2 (http:/links.Jww.com/JTO/A110). An anti-HS

Copyright © 2011 by the International Association for the Study of Lung Cancer

antibody was used in this experiment with or without hepa-
ritinase 1 digestion. Heparitinase I digestion completely abol-
ished the staining (left pancl). Under such conditions, HS was
strongly expressed on the membranes of lung cancer cells
(lower right panel). Furthermore, HS expression in the tumor
tissues was relatively weak in all five cases in the group with
a Jow serum HS level (lower panel, Supplementary Figure 3,
http://links.lww.com/JTO/A111), whereas strong HS expres-
sion in the tumor tissues was observed in three of the five
cases in the group with a high serum HS level (upper panel,
Supplementary Figure 3). These results suggested that the
tumor and serum HS expression levels may be positively
correlated. '

The activation of EGFR signaling occurs as a result of
mutations affecting the adenosine triphosphate-binding cleft
of EGFR, and EGFR mutants exhibit constitutive tyrosine
kinase activity independently of any ligand. We found that
the serum HS concentration was significantly higher among
patients with PD and was strongly associated with a poor PFS
and OS in EGFR-TKIs-treated patients. No difference in the
serum HS concentration was observed between the PR and
SD groups, but a difference was seen between the PD and
non-PD groups (Figure 1). Therefore, the serum HS concen-
tration may be involved in drug resistance but not in sensi-
tivity. Regarding resistance to EGFR-TKIs treatment, the
amplification of met proto-oncogene (MET) causes gefitinib
resistance by driving the v-erb-b2 avian erythroblastic leuke-
mia oncogene homolog 3 (ERBB3)-dependent activation of
phosphoinositide-3-kinase, and previous authors have pro-
posed that MET amplification may promote drug resistance in
other ERBB-driven cancers.?! Yano et al. 32 showed that HGF-
mediated MET activation is involved in gefitinib resistance in
lung adenocarcinoma with EGFR-activating mutations. A recent
study has clearly demonstrated that HGF accelerates the devel-
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opment of MET amplification both in vitro and in vivo, medi-
ating the EGFR kinase inhibitor resistance caused by either
MET amplification or autocrine HGF production.®® These stud-
ics indicate that the activation of HGF-MET signaling confers
resistance to EGFR-TKIs. Our previous study also showed that
a high concentration of scrum HGF is a predictive biomarker for
EGFR-TKISs treatment.!? Therefore, the activation of HGF-MET
signaling in lung cancer cells is considered to be a cause of drug
resistance to EGFR-TKIs. In addition, combined with data on
the serum HGF, VEGF, HB-EGF, and PDGF-BB levels from a
previous study,!? the correlation coefficient between the serum
HS and the HGF, VEGF, HB-EGF, and PDGF-BB levels were
0.45, 0.46, —0.03, and —0.13, respectively. These results indi-
cated that the expression patlern of the serum HS level was
weakly similar to those of the HGF and VEGF levels but was
not correlated with the HB-EGF or PDGF-BB levels.

In this study, the serum HS concentration was identified
as another candidate biomarker for treatment resistance, and
this finding may provide novel glycobiological insight into
drug resistance to EGFR-TKIs. The results suggest that a
high serum HS concentration may be related to the activation
of non-EGFR signaling, such as HGF, FGF, and VEGF
signaling in cancer cells. We plan to conduct a prospective
study to validate the ability of the serum HS concentration to
predict the response to EGFR-TKIs treatment.
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A biomarker is defined as “a characteristic that is objectively measured and evaluated as an indicator of
normal biologic processes, pathogenic processes, or pharmacologic/pharmacodynamic responses to a
therapeutic intervention”. Various assays, including immunohistochemistry, gene constitution such as
amplification, mutation, and rearrangement, gene and protein expression analysis such as single gene
or protein expression, exhaustive analysis and gene or protein signature and single nucleotide polymor-
phism have been used to identify biomarkers in recent years. No therapeutic effects have yet been pre-

’l;iegr::;s:; dicted based on the results of such exhaustive gene analysis because of low reproducibility although
KRAS some correlate with the prognosis of patients, Biomarkers such as HER2 for breast cancer or EGFR muta-
EGFR tion for lung cancer and KRAS mutation in colon cancer have contributed to identify a patient population

that might show a good and bad treatment response, respectively. On the other hand, other biomarkers
such as ber-abl, c-kit gene mutation and CD20 expression, which are positive for CML, GIST and B cell

Prognostic factor
Predictive factor

Pharmacogenomics lymphoma, respectively, have crucial biological significance but have not necessarily been used for prac-
tical clinical screening since pathological diagnosis coincide with finding of biomarkers. Hence, much
work remains to be done in many areas of biomarker research.

© 2011 Elsevier Ltd. Al rights reserved.
Introduction enrolled in clinical studies while no reliable biomarkers have yet

Most cancer patients treated with chemotherapy will suffer se-
vere toxicity, because response rates to a single therapy with anti-
cancer drug are much lower than that to therapy for other diseases
and also effective dose levels of anticancer drugs are often close to
or overlap the toxic dose level. Thus, it is important to identify a
patient population that is likely to be responsive to treatment with
anticancer drugs. To address this challenge, various biomarkers
have recently been studied. In addition, molecular-targeted agents
have been extensively developed by many pharmaceutical compa-
nies and some of these agents are currently available in clinical
practice. One group of molecular-targeted agents exert their anti-
tumor activity by modification of a tumor cell-specific target,
Development of biomarkers is necessary for predicting the effects
of these agents on the relevant targets. The goal of the develop-
ment of biomarkers will be to design ways to predict efficacy of
molecular-targeted agents including response rate, progression-
free survival (PFS) and overall survival (OS). If biomarkers allow
us to select a patient population that might show a good treatment
response, they are believed to be beneficial to both patients and
physicians. Furthermore, biomarkers are expected to provide valu-
able information for developing new drugs, thereby reducing
development costs and duration as well as the number of patients

* Tel.: +81 4 7134 6902; fax: +81 4 7131 3212,
E-mail address: nsaijo@med.kindai.ac.jp

0305-7372/$ - see front matter © 2011 Elsevier Ltd. All rights reserved.
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been identified for tumor-environment-specific molecular targeted
agents such as antiangiogenic drugs. Recently, biomarker research
has become complicated because -of the emergence of molecular
targeted agents with multiple targets. In this review, I will attempt
to discuss current trends and the clinical significance of biomarker
research,

Definition of biomarkers

A biomarker has been defined as “a characteristic that is objec-
tively measured and evaluated as an indicator of normal biologic
processes, pathogenic processes, or pharmacologic/pharmacody-
namic responses to a therapeutic intervention”.!? In routine clinical
oncology practice, patients’ characteristics and findings such as per-
formance status (PS), disease stage, histological type, X-ray, MRI,
CT, scintigram and other laboratory examinations have been as-
sessed as biomarkers. With recent progress in molecular biological
research, various advanced technologies, including pharmacoge-
nomics, such as transcriptomics, proteomics, metabolomics and
molecular imaging, have been introduced in clinical settings to ana-
lyze factors regulating both the effects and the adverse events of
treatments. Furthermore, the following attempts have been made:
understanding the effects of the cancer and the drug actions on
DNA, RNA, proteins and their metabolites, and assessment of the
significance of surrogate endpoint biomarkers as alternatives for
true clinical endpoints. The main purpose of using anticancer drugs
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is to increase total survival time and the complete remission rate.
Under these circumstances, it is important for clinicians to identify
a biomarker that correlates directly with these parameters. In other
words, clinicians need to determine whether the effect on a bio-
marker correlates directly with the effect on a true endpoint.

Necessity of biomarkers and rationale for biomarker research

In general, response rates to anticancer drugs are much lower
than those to drugs for other diseases. Even with limits on the ap-
proved products, the rate of anticancer drug responsiveness is as
low as approximately 20% according to RECIST criteria. These crite-
ria are not strict for evaluating the antitumor activity, because, in
particular, a partial response is defined as at least a 30% decrease
in tumor size sustained for at least 4 weeks with one direction
measurement.’

Success rates in anticancer drug development remain low or
have gradually declined in recent years. Moreover, the price of

newly approved anticancer drugs has been exorbitant due to in- .

creases in their development costs. If a patient population that is
expected to show a good response to an anticancer drug can be se-
lected by a reliable biomarker, these problems will be resolved. For
instance, it is known that in trastuzumab-based therapy, HER2-po-
sitive patients had a good response rate of 50%; while those with-
out screening for HER-2 had a poor response rate of only 10%.4

Positioning of biomarkers (diagnostic, prognostic and effect
predictive markers)

Biomarkers basically include tumor markers (including diag-
nostic function tests) and are a characteristic that is evaluated
using pharmacogenomic methods reflecting PK/PD reaction when
administering anticancer drugs. Biomarkers can be divided into
the following three types: (1) diagnostic markers (such as tumor
markers), (2) prognostic markers and (3) predictive markers. Spe-
cial care should be taken to determine whether a certain biomarker
is a prognostic or predictive marker. When a biomarker correlates
with anti-tumor effects including response rate, progression free
survival, time to progression and overall survival, it will be re-
garded as a surrogate endpoint of clinical effect. Such a correlation
between an identified biomarker and clinical effect supports
molecular targeted agents exerting an anti-tumor effect via molec-
ular target modulation. This approach is thought to be translational
studies in United States. Application to biomarker research in anti-
cancer drug development based on pharmacogenetics can gener-
ally be divided into three steps: target identification in the drug
discovery process, elucidation of the action mechanism and identi-
fication of the biomarker. In the process of this research, pre-clin-
ical studies focus on elucidating the in vitro/vivo mechanisms of
action and pharmacogenomic reasons for the toxicities of drugs.
While clinical studies aim to elucidate the in vivo mode of action
and to develop and validate biomarkers. Diligent and intensive re-
search activities are required and validation of biomarker analysis
methods is the most important aspect on these processes.

Conditions of biomarkers

A new biomarker will become beneficial to patients, when new-
er and more important information becomes available as com-
pared with the old prognostic and/or predictive markers used in
current clinical practice. A new technology, regardless of its cost-
saving and user-friendly properties, will be meaningless unless
there is true clinical significance.

Practical questions that clinicians commonly face are as fol-
lows: (1) can data from molecular biomarkers, genomics or proteo-

mics provide more correct information than those from prognostic
and/or predictive markers routinely used in clinical practice? (2)
Can the gene panel or molecular signature be an independent prog-
nostic and/or predictive marker rather than a surrogate marker for
a factor previously used? and (3) why do results from gene predic-
tion differ among researchers?

It is well known that substantial efforts in biomarker validation
are required to use a new biomarker in clinical practice. In such
biomarker validation research, a prospective study design using
high quality tumor samples from patients, who are enrolled in a
controlled clinical study, should be adopted.>® A sufficient sample
size is also necessary to assess the specificity, sensitivity and pre-
dictive values (positive and negative) before developing a hypoth-
esis and the endpoints introduced for biomarker validation.’
However, high quality tumor samples are not consistently col-
lected from all patients enrolled, suggesting that data from tumor
samples of some cases may not reflect data that would be obtained
from the entire patient population. Patients treated with adjuvant
chemotherapy after surgery would be the best subjects for bio-
marker validation, because great amount of tumor samples can
be collected from all such patients.

Henceforth, the clinical significance of new biomarkers should
be evaluated by comparing the predictability between molecular
biomarkers and clinical prognostic factors, therapeutic gain factors
and predictive factors, such as age, sex, clinical stage and type of
tissue, which are routinely used in clinical settings, in such a pa-
tient population.

Classification of biomarkers

In light of the clinical significance, biomarkers could be classi-
fied into the following three groups® (Table 1). First, biomarkers
in Group 1 are known as valid markers which are well known to
correlate with clinical response. This biomarker group includes
expressions of human epidermal growth factor receptor 2 (HER2)
expression for trastuzumab (Herceptin)®!° epidermal growth fic-
tor receptor (EGFR) expression'' and K-RAS mutation'>'® for
cetuximab (Erbitux), EGFR mutation for epidermal growth factor
receptor tyrosine kinase inhibitor (EGFR-TKI).'*!> These biomark-
ers are thought to be essential for deciding indication of anticancer
drugs and now used to optimize patient selection when adminis-
tering Herceptin, Erbitux EGFR-TK 1 in clinical settings. When using
EGFR-TKI, previous data suggest that patients with EGFR mutations
have high response rates of 70-80% with extremely high predict-
ability. While approximately 10% of patients without this mutation
also show a good response.’®-'® Recent IPASS trial, however
showed that response rate of EGFR-wild type patient was only
1% if EGFR mutation was analysed by highly sensitive Scolpion
Arms method.’**° In addition patient with EGFR mutation showed
an amazingly longer progression free survival when treated by

Table 1
Classification of biomarkers,

Known Valid Biomarkers: Test required
- Accepted by scientific community at large to predict clinical outcome
Her2(Herceptin), EGFR mt(EGFR-TKI), EGFR, KRASmt(Erbitux),
BRCA1&2 mt,def. PARP-inhibitor,
EML4-ALK(ALK~inhibitor),Mamma Print, Oncotype Dx (Chemotherapy)
Probable Valid Biomarkers: Test recommended
- Appears to have predictive value but not yet replicated or widely
accepted
UGT1A1"28,*6, (irinotecan), Cytidine deaminase™3(gemcitabine)
Exploratory Biomarkers: (Valid, non Valid) Information only
— Supported by initial identification data
Genomic & Proteomic predictors
(Single gene:ERCC1,RRM1,MSH2, TS,
Exhaustive Analysis : Gene/Protein Signatures)
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EGFR-TK I compared with standard chemotherapy.?! Thus, there
are following advantages to tests for these biomarkers in clinical
practice: (1) high predictability of cases with high response rates
and (2) optimizing patient selection when administrating
EGFR-TKI in a high risk group. Second, biomarkers in Group 2 are
probable valid biomarkers, which can probably predict good clini-
cal response or adverse events. This group includes UGT1A1*28 or
*6 for irinotecan.???? These marker tests should be conducted be-
fore using these drugs to avoid severe adverse events. The bio-
marker test for UGT1A1*28, however, may not be reliable in
clinical use, because it is based on data that only three of six pa-
tients homozygous for this genotype had neutropenia of grade
42425 ppother problem is that it's frequency is very low. Finally,
biomarkers in Group 3 are still in the process of evaluation, and
some have not been validated as yet. This group includes ERCC1
and MSH-2 for platinum-based drugs?®*?, RRM1 for gemcitabine?®,
and thymidylate synthetase (TS) for pemetrexed and fluorinated
pyrimidines.?® Alse, majorities of expression profiles of genes and
proteins signature have not been validated.*' Other biomarkers
such as CD20 in B-cell lymphoma, ber-abl in chronic myeloid
leukemia (CML)or c-kit in gastro intestinal stromal tumors (GIST)
are not always essential for optimizing patient selection when
administering rituximab or imatinib because expression of mark-
ers and the presence of its gene mutation in tumor cell coincide
with results of cytopathological diagnosis. These biomarkers how-
ever, will play an important role in identifying the second mutation
with resistance and finding a compound for a new molecular target
with a mutation in addition to a crucial role to understand biology
of each disease.®®

Prognostic versus predictive factors

Prognostic factors are defined as patient- and tumor-side fac-
tors that provide information about the natural histories of dis-
eases, such as survival time after surgery, with no relationship to
treatment. Predictive factors represent patient- and tumor-side
factors that allow clinicians to assess clinical effects of chemother-
apy and molecular targeted agents on response rate and survival
time. For example, if survival times of patients without treatment,
whose performance status (PS) is 0/1 or 2/3, are 6 and 3 months,
respectively, PS will be a prognostic factor. If the survival times
of patients, with PS of 0/1 or 2/3, increase from 6 to 8 months
and from 3 to 4 months with treatment, respectively, both hazard
ratios (HRs) will be 0.75. In this case PS would not be a predictive
factor for clinical effect. Recent studies suggested that gene signa-
‘ture and proteomics may become prognostic factors for lung can-
cer, breast cancer and colon cancer®3, although there is no
evidence showing either to be a predictive factor for clinical effects.

ERCC1 is known to be a nucleotide excision repair (NER) en-
zyme associated with the repair of DNA damage caused by plati-
num-based drugs.® In lung cancer field, considerable research on
ERCC1 has been conducted in recent years.’>%
that ERCC1 expression is a prognostic factor of survival in patients
with resected non-small cell lung cancer (NSCLC) and that those
with resected NSCLC with high ERCC1 expression show better sur-
vival than patients with low ERCC1 expression.” Lord et al. dem-
onstrated response rate and prognosis to be better in IV-stage
NSCLC patients with low ERCC1 expression than in those with high
expression after cisplatin plus gemcitabine chemotherapy.® They
also concluded that ERCC1 is a predictive factor for tumor response
to platinum-based chemotherapy. This finding was supported by
results of the IALT study, which demonstrated a correlation be-
tween ERCC1 protein expression and adjuvant chemotherapy re-
sponse. This analysis indicated significant effect of adjuvant
chemotherapy in patients with ERCC1-negative tumors; however,
the survival time of patients with ERCC1-positive tumors treated

Simon reported

by chemotherapy tended to be shorter.?® In a comparison between
patients without adjuvant chemotherapy, survival was longer in
the ERCC1-positive than in ERCC1-negative group.?® On the basis
of these results, that ERCC1 is a tumor cell biomarker has been
established in western countries. Caution, however, is necessary
when interpreting the results of these subgroup analyses. In such
subgroup data, biomarkers can be interpreted as both prognostic
and predictive factors. If a specified subgroup shows response to
chemotherapy, subgroup interaction is considered to be present
in the statistical sense of the term. For example, if the patient sub-
group with ERCC1-negative tumors shows response to adjuvant
chemotherapy while a subgroup with ERCC1-positive tumors does
not show tumor response®®, ERCC1 is interpreted as a predictive
factor. This is statistically called “treatment with baseline covariate
interaction”.

These interactions include quantitative and qualitative interac-
tions. The former interactions originally had the same trend but
different intensities. Thus, each treatment group shows a tumor re-
sponse without notable problems. For interactions between re-
sponse with some drug and marker A, the subgroup with marker
A has a higher response rate while another subgroup without mar-
ker A also shows a response to the agent although the response
rate is low. On the other hand, the latter interactions may differ
in mechanism between subgroups. Careful attention is required
when such a mechanism is observed. Examples include interaction
concerning pemetrexed for subgroups with squamous cell carci-
noma and non-squamous cell carcinoma“®, interaction concerning
platinum-based chemotherapy for ERCC1-positive and negative
subgroups?®, and interaction in cetuximab therapy for KRAS muta-
tion positive and negative subgroups in colon cancer.*#? It must
be determined whether or not these interactions are statistically
significant by testing differences in two hazard ratios. However,
this test power will not be sufficiently robust for the following rea-
sons: (1) there are two sources of variation and (2) sample sizes are
small in subgroups. Thus, tumor responses with treatment in each
subgroup evaluated are likely to be obtained by chance. Data
including ERCC1, KRAS-mutation and histological type should be
evaluated keeping this mind. A recent prospective randomized trial
(COIN trial) in patients with KRAS type could not demonstrate the
survival benefit of cetuximab if combined with FOLFOX regimen.
(Press release) )

RRM1 is associated with nucleoside metabolism and is a molec-
ular target of gemcitabine. It has been reported that this RRM1 is a
positive prognostic factor for early-stage lung cancer. In advanced-
stage lung cancer patients with high RRM1 expression, the tumor
response to gemcitabine + cisplatin combination is low, thereby
showing that RRM1 is a predictive factor for advanced lung can-
cer.3738 A relationship between these factors including the recent
results of MSH2 is similar to that with ERCC1.

A report demonstrated that the KRAS mutation is a predictive
factor for increased survival with adjuvant chemotherapy. In spite
of the relationship between the KRAS mutation and responses to
cetuximab in colon cancer®'#?, KRAS mutation was identified not
as a predictive factor of cetuximab treatment in lung cancer.*® Re-
cent topic is the effect of PARP inhibitor in BRCA1&2 mutant/defi-
cient population. It has been demonstrated that PARP inhibitors
inhibit repair of damaged DNA. PARP inhibitors has showed activ-
ity in those populations of breast and ovarian cancer by itself. PARP
inhibitor has also been identified to be active against triple nega-
tive breast cancer by the combination-with carboplatin and gem-
citabine, both of which are DNA damaging agents.**6

Molecular targeted agent development and biomarkers

To establish molecular targeted therapies, the following are re-
quired: (1) validated molecular target; (2) assay that can deter-
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mine expression and activity of target and signaling pathway; (3)
expression in targeted tumors; (4) potent and specific inhibitor
with high pharmacological activity; and (5) proved suppression
targeting human tumors. It is more essential that a target with
over-expression or a mutation should be present in tumor cells,
or that a target is associated with cell proliferation, cell death or
metastatic capacity and target suppression inhibits cell prolifera-
tion or promotion. Biomarkers play a role in monitoring such tar-
gets; however, various challenges remain, including tumor
proliferation, the clinical significance of target related to survival,
the reliability of assay methods for the target (sensitivity, specific-
ity-and precision), tissue specificity in targeted expression, hetero-
geneity, availability of tissue (sample) and clinical significance. In
recent years (2001-2006), 67% of FDA approved anticancer drugs
have been molecular targeted agents while only 33% were cytotox-
ics. Among anticancer drugs approved between 2000 and 2005,
37% have a filed application of pharmacogenetic data showing a ra-
pid increase in the proportion of molecular targeted agents.

To use molecular targeted agents more effectively, clinicians
should consider not only pharmacokinetics (PK) and pharmacody-
namics (PD) but also pharmacogenomics (PGx) which lies in the
background of PK/PD. In PK analysis, whether or not a clearance
saturation or protein binding present when Cp.x or trough value
reaches to effective blood concentration should be considered. In
PD analysis, general observations include side effects or tumor
reduction. In addition, elimination of target molecular and expres-
sion changes in downstreamn molecules can be assessed by PGx
methods.

PGx markers are also used to determine whether or not a target
molecule is expressed and to estimate the intensity of tumor re-
sponse to anticancer drugs. Thus, it is essential to evaluate proof-
of-principles (POP), for setting an optimal dosage and its schedule.
For anticancer drugs, in particular, PGx analysis must be performed
in cancer cells themselves, even if excellent PK analysis results are
obtained. This is because such responses to drugs differ between
tumors due to their features.

Application of biomarkers to non-clinical studies can provide
“the following advantages: (1) identifying targets for drugs; (2) clar-
ifying the action mechanisms of drugs; and (3) predicting possible
toxicity in humans. At this time, there are very few reliable meth-
ods (biomarkers) to identify responders, and biomarker develop-
ment is needed in the future. The advantages in clinical studies
include: (1) identifying responders and non-responders; (2)
designing a clinical study for only responders; and (3) excluding
patients with possible serious adverse events. Although application
to routine clinical practice has not yet been achieved, identification
of a biomarker that can predict serious a pulmonary fibrosis caused
by EGFR-TK]I, such as gefitinib or erlotinib, may lead to the preven-
tion of side effects of the drug. In addition, the advantages of devel-
oping promising biomarkers are: (1) facilitating patient entry into
clinical studies and decreasing the development period; (2) de-
creased sample size and development cost; (3) simplifying GO/
NO GO decision; and (4) decreasing new drug approval period.
The disadvantage of developing biomarkers include: (1) compli-
cated clinical study plan; (2) segmentalizing the market; and (3)
costly study for application of biomarkers.

Design for clinical studies with individualized therapeutics
using biomarkers

Order-made or tailor-made therapy, i.e. individualized thera-
peutics based on pharmacogenomic information, became popular
several years ago. However, only a few individualized therapies
have been applied in clinical practice and there are no comprehen-
sive data from genes and proteins useful for optimizing patient

selection. In this section, several clinical study designs are dis-
cussed for evaluating tailor-made therapies that can optimize pa-
tient selection by using biomarkers,*748

All comer’s design

The all comer's design has been adopted by most of clinical
studies using biomarkers. This design should be selected, when a
biomarker has not been established or validated. In the study de-
sign, the relationship between presence/absence or higher/lower
levels of biomarkers and the response rates or survival times are
analyzed retrospectively, although positive or negative marker sta-
tus could not be used to randomize patients even if biomarker lev-
els are determined in all the patients enrolled. It is difficult to
conclude that optimizing patient selection on the basis of study re-
sults will lead to increased responses to treatment.

Marker + design

The marker + design has been applied to clinical studies of Her-
ceptin for breast cancer'®, standard chemotherapy versus imatinib
for CML3! and rituximab for B cell lymphoma.3® In a study for B cell
Iymphoma, this design is not intended to optimize patient selec-
tion, because the pathologic disease entity is almost always
CD20-positive. Biomarkers used in this study design must be
established and validated. In the IPASS trial using gefitinib, clinical
characteristics are used as biomarkers to optimize patient selec-
tion.!® The WJOG and the North East Japan Gefitinib Study Group
conducted a randomized controlled study with selecting patients
with EGFR mutations.2! When both biomarker positive and nega-
tive patients are randomized into treatment and controlled groups,
interactions between the biomarker and response to treatment can
be evaluated.

Marker strategy design

The marker strategy design is an important approach that can
determine whether or not individualized therapeutics based on a
biomarker has clinical significance. Generally, patients are allo-
cated into two groups: the A group is treated with standard che-
motherapy without biomarker measurement and the B group
with biomarker measurement includes B1 (marker-positive) and
B2 (marker-negative) subgroups which are treated with new
agents and standard chemotherapy, respectively. In this study de-
sign, when survival time is significantly longer in the B (B1 + B2)
group than in the A group, the significance of individualized ther-
apeutics can be confirmed. Rosell et al. conducted a clinical study
for the clinical significance of platinum-based chemotherapy based
on the ERCC1 expression level, using this marker strategy design.
In this study, the control group received CDDP + DTX. In the selec-
tion group, however, patients with low ERCC1 mRNA and patients
with high ERCC1 mRNA received CDDP+DTX and DTX+ GEM
(excluding CDDP), respectively. The results showed patients who
were selected based on their ERCC1 mRNA level to show a higher
response rate, although survival times were similar in the two
groups.®® In conclusion, the selection of patients based on their
ERCC1 expressions did not provide a good prognosis with chemo-
therapy for advanced-stage lung cancer, although response rate
was significantly better than control group.

Conclusion

The clinical significance of biomarkers has been recognized
among clinicians. Considerable research on biomarkers has been
conducted in recent years; however established findings are as
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yet limited. Limitations include validation of methods, the feasibil-
ity of obtaining tumor samples and low sensitivity. For examples,
samples could not always be collected from all patients, samples
for determination were not consistently of adequate volume, and
the detection methods were not available at all facilities participat-
ing in the study. The most important issue is whether or not a bio-
marker is validated; if not, various data obtained in clinical studies
will be minimally useful in clinical practice. In order to improve the
results of cancer treatment, reliable biomarkers fully validated in
relation to specific drugs must be established.
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Introduction: In IPASS (IRESSA Pan-Asia Study), clinically se-
lected patients with pulmonary adenocarcinoma received first-line
gefitinib or carboplatin/paclitaxel. This preplanned, exploratory
analysis was conducted to increase understanding of the use of
surrogate samples, such as serum, versus tumor biopsy samples for
determining EGFR mutation status in the Japanese cohort (n = 233).
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Methods: EGFR mutations were assessed using tumor tissue-de-
rived DNA (rn = 91) and circulating free (¢f) DNA from pretreat-
ment serum samples (n = 194).

Results: Fewer patients were EGFR mutation positive when as-
sessed using pretreatment ¢fDNA (23.7%) versus tumor tissue-
derived DNA (61.5%). ¢fDNA results identified no false positives
but a high rate of false negatives (56.9%). There was a significant
interaction between cfDNA EGFR mutation status and treatment for
prbgression-free survival (PFS) (p = 0.045). PFS was significantly
longer and objective responsc rate (ORR) higher with gefitinib than
carboplatin/paclitaxel in the ¢cfDNA EGFR mutation-positive sub-
group (PFS: hazard ratio [HR], 0.29; 95% confidence interval [C],
0.14-0.60; p < 0.001; ORR: odds ratio [OR], 1.71; 95% Cl,
0.48-6.09; 75.0% versus 63.6%; p = 0.40). There was a slight
numerical advantage in PFS and ORR for gefitinib over carboplatin/
paclitaxel in the cfDNA EGFR mutation-negative subgroup, likely
due to the high rate of false negatives within this subgroup.
Conclusions: These results merit further investigation to determine
whether alternative sources of tumor DNA, such as ¢fDNA in
serum, could be used for determining £GFR mutation status in
future; currently, where a sample is available, analysis of tumor
material is recommended.

Key Words: EGFR, Mutation, Gefitinib, NSCLC, Serum.
(J Thorac Oncol. 2012;7: 115-121)

he epidermal growth factor receptor (EGFR) superfamily

has been implicated in the regulation of tumor cell biol-
ogy and, as such, has emerged as a therapeutic target.! In
2004, mutations in the EGFR were reported to be associated
with sensitivity to EGFR tyrosine kinase inhibitors (EGFR-
TKIs).2=# The presence of such mutations in tumor tissue is
associated with a number of clinical factors including Asian
origin, female sex, adenocarcinoma histology, and a never-
smoking history, and these factors have additionally been
correlated with response to gefitinib (IRESSA, AstraZeneca,
Macclesfield, UK), an EGFR-TKI.3
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The IRESSA Pan-Asia Study (IPASS) compared ge-
fitinib with carboplatin/paclitaxel as first-line treatment in
1217 never-smokers/light ex-smokers with advanced adeno-
carcinoma of the lung in East Asia.® Subgroup analysis of
patients with EGFR mutations (n = 261) detected in DNA
derived from tumor tissue samples demonstrated significantly
longer progression-free survival (PFS) with gefitinib versus
carboplatin/paclitaxel (hazard ratio [HR], 0.48; 95% confi-
dence interval [Cl], 0.36~0.64; p < 0.001).% In the EGFR
mutation-negative (M=) subgroup (n = 176), PFS was sig-
nificantly longer with carboplatin/paclitaxel versus gefitinib
(HR, 2.85; 95% CI, 2.05-3.98; p < 0.001). Objective re-
sponse rates (ORR) were 71.2% versus 47.3% (p < 0.001)
and 1.1% versus 23.5% (p = 0.001) with gefitinib versus
carboplatin/paclitaxel in EGFR M+ and M— patients,
respectively.

The difficulties of collecting sufficient tumor tissue for

biomarker analyses have stimulated interest in analyses using

surrogate samples, such as serum and plasma samples, which
frequently contain circulating free (cf) DNA derived from
tumor tissues. Previous studies in relatively few patients had
detected EGFR mutations in c¢fDNA in serum or plasma
samples and suggested that using such methodology to pre-
dict response to gefitinib was worthy of further evalua-
tion.”"'2 However, most of these studies were retrospective.

Herein, we report the evaluation of EGFR mutations in
cfDNA from serum samples of patients in the IPASS study
recruited in Japan. This preplanned, exploratory analysis was
conducted to increase the understanding of the use of surro-
gate samples, such as serum, versus tumor biopsy samples for
determining £GFR mutation status.

MATERIALS AND METHODS

Study Design and Patients

Full details of the IPASS study design (ClinicalTrials.
gov identifier NCT00322452) have been published previ-
ously.® Planned objectives of this substudy of IPASS were
evaluations of efficacy between the gefitinib and carboplatin/
paclitaxel treatment groups by ¢cfDNA EGFR mutation status
from pretreatment serum samples and evaluation of the
concordance between EGFR mutation status in pretreat-
ment ¢cfDNA versus tumor. Comparison of EGFR mutation
status in pretreatment versus postprogression serum sam-
ples was also performed; however, not all patients with a
pretreatment sample had a postprogression sample, which
limited the comparison. In addition, comparisons with post-
progression serum and pretreatment pleural effusion samples
are reported in Supplemental Digital Content 1 (Methods
http://links.lww.com/JTO/A152). Preplanned analysis of the
Japanese subset of the IPASS population was performed to
meet Japanese regulatory requirements.

All patients provided written informed consent. Provi-
sion of samples for biomarker research was optional and
involved separate consent procedures for tumor and serum
sampling. An independent ethics committee at each partici-
pating institution approved the study protocol. The study was
conducted in accordance with the Declaration of Helsinki, the
International Conference on Harmonisation Guidelines for

Good Clinical Practice, applicable regulatory requirements,
and AstraZeneca’s policy on bioethics.

Biomarker Analyses

Sample collection and DNA extraction are described in
Supplemental Digital Content 1 (Methods http:/links.lww.
com/JTO/A152). EGFR mutations were detected using the
DxS EGFR Mutation Test Kit for Research Use Only (DxS,
Manchester, UK), which combines Amplification Refractory
Mutation System (ARMS) (allele-specific polymerase chain
reaction [PCR]) with the Scorpions real-time PCR technol-
ogy.'*!* Modified run conditions and cutoffs (delta Ct values
[dCt]) used to define M+ samples for cfDNA derived from
serum and pleural effusion samples were as follows: 50
cycles of PCR were carried out and the dCt for exon 19
deletions was 12, L858R was 14, and T790M was 8§ (for
tumor DNA, 40 cycles of PCR were carried out and the dCt
cutoffs were 9, 11, and 8, respectively). In analyses of tumor
DNA, all 29 mutations detected by the kit were assayed (19
deletions in exon 19, L858R, T790M, L861Q, G719X [S, A,
or CJ, S7681, and 3 insertions in exon 20); whereas for serum
and pleural effusion samples, the 21 most common mutations
(19 deletions in exon 19, L858R, and T790M) were assayed
(to make the best use of limited cfDNA yield). Samples were
tested in duplicate, and only if both replicates were positive
for at least one of the mutations was the sample defined as
M+. Patients without a tumor sample evaluable for mutation
analysis and samples which were not successfully analyzed
were classified as EGFR mutation unknown. Biomarker sam-

ples were assayed blinded to clinical outcome and random-
ized treatment.

Statistical Analyses

Serum samples were collected for patients recruited in
Japan and who consented to this optional analysis. Analyses
of efficacy end points comparing treatment groups in the
Japanese subset (intent-to-treat [ITT] population) were as-
sessed as described previously for the overall IPASS popu-
lation.® However, for the analyses in the ¢fDNA M-+ and
M~ subgroups, the prespecified covariates of World Health
Organization (WHO) performance status (PS), smoking his-
tory, and sex could not be included as covariates because of
the small number of patients who had a WHO PS 2, were
ex-smokers, or were males; therefore, models without cova-
riates were used. Because of the lack of power to detect
treatment differences, the result of the Japanese subset should
be interpreted with caution, taking into account the associated
variability and overlap in plausible range of effects (Cls).
Analyses comparing treatment groups were performed for
PFS (by Cox proportional hazards model) and ORR (by
logistic regression model) in subgroups defined by cfDNA
EGFR mutation status. A test for interaction between cfDNA
EGFR mutation status (M+ or M—) and treatment was used
to assess whether the PFS treatment effect was statistically
different between subgroups.

Comparison of pretreatment cfDNA versus tumor
EGFR mutations was based on the 21 mutations analyzed for
cfDNA using patients with known mutation status (M+ or
M—) in both samples. The sensitivity, specificity. positive
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Japanese patients

Randomized
(n=233)
Allocated to gefitinib (n=114) . Allocated to carboplatin/paclitaxel (n=119)
Received gefitinib (n=114) Allocation Received carboplatin/paclitaxel (n=118)
Treatment not started (n=0) Treatment not started (n=1)
Discontinued study {n=39) Discontinued study {n=50)
Death (n=27) Death (n=32)
Withdrew consent (n=12) Follow-u Withdrew consent (n=18)
ow- L
Still in study at data cut-off (n=75) © P Still in study at data cut-off (n=69)
On gefitinib (n=29) On carboplatin/paclitaxel (n=0)
Off gefitinib {n = 46) Off carboplatin/paclitaxel {n=69)
FIGURE 1. CONSORT diagram
v representing patient disposition
Intent-to-treat (n=114) Intent-to-treat (n=119) (including number of patients with
Per-protacol (=112}, s |Per-protocol (n=116) tumor tissue or serum evaluable for
Evaluable for tumor EGFR mutation (n=44) 4 Evatuable for tumor EGFR mutation ‘ (n=47) EGFR mutation status). EGFR, Epi~
Evaluable for pretreatment serum EGFR mula;ion (n=94) Evaluable for pretreatment serum EGFR mutation (n =100) dermal growth factor receptor.

and negative predictive values and their exact 95% Cls, and
the kappa coefficient and 95% ClI, for EGFR mutation status
in serum samples, were evaluated assuming that the EGFR
mutation status in tumor tissue was a true reflection of tumor
biology. The proportion of concordance between cfDNA and
tumor was calculated on a similar basis by excluding patients
Jjudged as unknown using either ¢cfDNA or tumor samples.

RESULTS

Patients

In total. 233 patients from Japan were randomized to
study treatment (19.1% of the overall IPASS population).
Preplanned evaluations of efficacy, quality of life, and safety
for the overall Japanese study population have been previ-
ously presented's-'¢ and are summarized in Supplemental
Digital Content 2 (Results http://links.lww.com/JTO/A153)
and 3 (Figure htip://links.Iww.com/ITO/A154). The patient

disposition for the Japanese subset of IPASS is shown in
Figure 1.

EGFR Mutation Status

An evaluable DNA sample for EGFR mutation status
derived from tumor tissuc was available for 91 patients; of
these, 56 (61.5%) patients were EGFR M+, with a lower
proportion of EGFR M+ patients in the gefitinib group
compared with the carboplatin/paclitaxel group (52.3%
[23/44] versus 70.2% [33/47]) (Figure 2). A total of 194
patients provided a pretreatment serum sample for muta-
tion analysis; all were evaluable. Of these, 46 (23.7%)
patients were cfDNA EGFR M+ (25.5% [24/94] and
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22.0% [22/100] in the gefitinib and carboplatin/paclitaxel
groups, respectively) (Figure 2). Data from pretreatment
pleural effusion (9 patients) and postprogression serum
analyses (144 patients) are presented in Supplemental
Digital Content 2 (Results http://links.Jlww.com/JTO/A153)
and 4 (Table http://links.Iww.com/JTO/A155).

Demographic and Baseline Characteristics of
Patients with Known EGFR Mutation Status

Key demographic and baseline characteristics for pa-
tients with known (i.e., evaluable) ¢cfDNA or tumor EGFR
mutation status were generally consistent with the overall
Japanese study population (Table 1).

Pretreatment ¢fDNA EGFR Mutation Status and
Clinical Outcomes

The subset of patients with known ¢fDNA EGFR mu-
tation status could be assumed to be representative of the
overall Japanese study population (and therefore the overall
study population) as shown by similar PFS and ORR results
(Table 1).

A significant interaction between ¢fDNA EGFR muta-
tion status and treatment was evident for PFS (interaction test
p = 0.045). PFS was significantly longer with gefitinib than
carboplatin/paclitaxel in the ¢fDNA EGFR M+ subgroup
(HR, 0.29; 95% CI, 0.14—-0.60: p < 0.001) (Figure 34). In
the ¢fDNA EGFR M- subgroup, there were no significant
differences for PFS with gefitinib compared with carboplatin/
paclitaxel (HR, 0.88; 95% CI, 0.61-1.28; p = 0.50) (Figure
3B). However, the HR was not constant over time. We
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Patients recruited in Japan (n = 233)

|
s +

<fDNA extracted from
pre-treatment serum samples

and/or

DNA extracted from
paraffin-embedded archival
tumor tissue

EGFR mutations c?etected by ARMS

¥ +
. Tumor tissue
FIGURE 2. Flow and results of EGFR mutation cfDNA - L
analysis. “Sample positive for =1 of 21 mutations EGFR M known: n=194 EGFR ?\AMEown. =
tested; detected 19 deletions in exon 19, L858R, EGFR M+ g

and T790M. ®Sample positive for =1 of 29 muta- Total

46/194 (23.7%) Total 56/91 (61.5%)

T Gefitinib 24/94 (25.5%) Gefitinib 23/44 (52.3%)
tions tested; detected 19 deletions in exon 19, pay 22/100 (22.0%) P 33/47 (70.29%)
L858R, T790M, L861Q, G719, G719A, G719C, M EGFR Mt

$768l; 3 insertions in exon 20. “Sample negative Total 148/194(76.3%) | | Total 35/91 (38.5%)
for all 21 mutations tested. “Sample negative for Gefitinib 70/94 (74.5%) Gefitinib 2171; (czt;.;‘l’;o)
all 29 mutations tested. “Unknown EGFR muta- EGE’;’:\A - :8113090 (78.0%) EG;;F;W S :74:14(2 8%)
tions: no sample available or failed analysis. ‘86 o “‘ i - :

patients had known mutation status by both tumor
tissue and cfDNA. C/P, carboplatin/paclitaxel; EGFR,
epidermal growth factor receptor; M, mutation;
M-+, mutation-positive; M—, mutation-negative.

s

Comparison of cfDNA vs. tumor tissue EGFR mutations based
on 21 mutations analyzed for cfDNA'

TABLE 1.

Patient Demographics, Baseline Characteristics, and Efficacy (PFS and ORR) for

Patients with Samples (cfDNA or Tumor) Evaluable for EGFR Mutation Status Compared
with the Overall Japanese? Study Population (Japanese ITT Population)

Evaluable for EGFR
Mutation Status

Evaluable for EGFR

Overall Japanese
Mutation Status

Study Population

(cfDNA) (n = 194)® (Tumor) (2 = 91)° (n = 233)

Demography, n (%)

Female 172 (88.7) 84 (92.3) 204 (87.6)

WHO PS 0/1 185 (95.4) 89 (97.8) 223 (95.7)

Never-smoker 177 (91.2) 83 (91.2) 212 (91.0)

Stage 1B 66 (34.0) 27(29.7) 73 (31.3)

Age <63 yr 97 (50.0) 45 (49.5) 121 (51.9)
Efficacy

PFS HR® (95% CI)

0.68 (0.49-0.95)
ORR ORY (95% Cl)

1.45 (0.80-2.61)

1.08 (0.68-1.72)
0.99 (0.41-2.40)

0.69 (0.51-0.94)
1.34 (0.78-2.30)

“ Refers to the country of recruitment and not necessarily to racial origin,
" Includes both mutation-positive and mutation-negative samples.

¢ HR <1 indicates a difference in favor of gefitinib,

“OR >1 indicates a greater chance of response on gefitinib.

“ These results should be interpreted with caution as the logistic regression model did not converge.
¢fDNA, circulating free DNA; Cl, confidence interval; EGFR, epidermal growth factor receptor; HR, hazard ratio; ITT,
intent-to-treat; OR. odds ratio; ORR, objective response rate; PFS, progression-free survival; PS, performance status; WHQ, World

Health Organization.

believe that this result was due to the high rate of false
negative results as described later (i.e., this group included
both tumor EGFR M+ and M— patients).

In the ¢fDNA M+ subgroup, ORR was not signifi-
cantly different in the gefitinib group compared with carbo-
platin/paclitaxel treatment (75.0% [18/24] and 63.6% [14/
22}, respectively; odds ratio [OR], 1.71; 95% CI, 0.48-6.09;
p = 0.40). In the cfDNA M- subgroup, there were no
significant differences in ORR with gefitinib compared with
carboplatin/paclitaxel (27.1% [19/70] and 21.8% [17/78],
respectively; OR, 1.34; 95% CI, 0.63-2.84; p = 0.45) (Figure
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4). Again, this subgroup included both tumor EGFR M+ and
M~— patients as described later.

The results for clinical outcome by EGFR mutation status
M+, M—) for the Japanese subset of patients with known
umor £GFR mutation status (# = 91) are included in Supplemental
Digital Content 2 (Results http:/links.lww.com/JTO/A153).

Comparison of EGFR Mutation Status in
Pretreatment ¢fDNA and Tumor Tissue

A total of 108 patients had a known mutation result by
cfDNA but not by tumor; 5 patients had a known mutation

Copyright © 2011 by the International Association for the Study of Lung Cancer
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Kaplan-Meier curves of progression-free survival in cfDNA EGFR mutation-positive (A) and ¢fDNA EGFR mutation-

negative (B) patients in the Japanese subset of IPASS. HR <1 indicates a difference in favor of gefitinib. CI, confidence interval;
cfDNA, circulating free DNA; EGFR, epidermal growth factor receptor; HR, hazard ratio.

# Gefitinib
i+ Carboplatin/paclitaxel

cfDNA EGFR M+
OR=1.71(95% Cl, 0.48-6.09)
p=0.40

cfDNA EGFR M-°
OR =1.34 (95% Cl,0.63-2.84)
p=045

Objective response rate {%)

cfDNA EGFR M+

cfDNA EGFR M not detected
(EGFR M-)®

FIGURE 4. Objective response rates by treatment and by
cfDNA (serum) EGFR mutation status (Japanese ITT popula-
tion?). “Refers to the country of recruitment and not neces-
sarily to racial origin. ®There was a high rate of false-negative
results, i.e., this group included both tumor £GFR M+ and
M~ patients. OR >1 implies a greater chance of response
on gefitinib. OR, Cl, and p values from logistic regression.
cfDNA, circulating free DNA; Cl, confidence interval; £EGFR,
epidermal growth factor receptor; ITT, intent-to-treat; M+,
mutation-positive; M-, mutation-negative; OR, odds ratio.

result by tumor but not ¢cfDNA (no serum sample provided);
and 86 patients had a known mutation status by both tumor
and cfDNA.

Of the 86 patients who had a known tumor and ¢fDNA
mutation status, no false positives were -identified (i.e., no
sumples were tumor M— but ¢fDNA M+). All 22 patients

Copyright © 2011 by the International Association Jor the Study of Lung Cancer

TABLE 2. Comparison of £EGFR Mutation Status in cfDNA
and Tumor Samples in 86 Patients with a Known EGFR

Mutation Status Using Both Methods (Japanese® ITT
Population) -

Mutation Status (Tumor Tissue), #

M+ M-

Total
Mutation status (cfDNA), n
M+ 22 0 22
M- 29 3s 64
Tota] Sl 35 86

Sensitivity = 43.1% (22 cfDNA M+ out of 51 tumor M+).?

Specificity = 100% (all 35 tumor M- were cfDNA M—)."

Positive predictive value = 100% (all 22 ¢fDNA M+ were tumor M+).”
Negative predictive value = 54.7% (35 tumor M- out of 64 cfDNA M=)
Concordance = 66.3% (cfDNA. and tumor results agreed in 57 of §6 cases).”

“ Refers to the country of recruitment and not necessarily to racial origin,
® Those with a known EGFR mutation status using both mcthods.
¢ Kappa coefficient 0.38 (95% ClI, 0.24--0.53).
cfDNA, circulating free DNA: CI. confidence interval; EGFR. epidermul growth

factor receptor; ITT, intent-to-treal; M-, mutation positive; M —, mutation negative,

identified as cfDNA EGFR M+ were tumor EGFR M-+ ie..
the positive predictive value was 100% (all samples that were
cfDNA M+ were tumor M+) and the specificity was 100%
(all samples that were tumor M— were cfDNA M—) (Table
2). However, the rate of false negatives was high: 29/51

(56.9%) of patients identified as tumor EGFR M+ were
cfDNA EGFR M~ (Table 2).

EGFR Mutation Types in Pretreatment cfDNA
and Tumor Tissue

Of the patients classified as EGFR M+ at pretreatment
by both tumor and cfDNA, all had the same mutation type in
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TABLE 3. EGFR Mutations in Pretreatment cfDNA vs. Tumor Samples (Japanese® ITT Population)

Tumor EGFR Mutation”

d
Exon 19 Exon 20 Exon 21 Exon 20 T790M an g ‘
c¢fDNA EGFR Mutation Deletions Only T790M Only L858R Only Exon 21 L858R Negative Unknown Total
" ' 0 . 15 26
Exon 19 deletions only {1 0 0 (1) : ‘ :
Exon 20 T790M only 0 0 0 . . : . K
Exon 21 L.858R only 0 0 10 ’ ’ :
Exon 20 1790M and cxon 21 0 0 0 0
1.RS8R ,
Negative 18 11 0 35 84 148
Unknown 2 1 0 0 2 34 .>:)
Total 31 | ' 21 1 37 142 233

The categories are mutually exclusive. The categories “Exon 19 deletions and exon 20 T790M™ and “Exon 19 deletions and exon 21 L8S8R™ were 0 {or both tumor and ¢/DNA
8 g

and have been omitted from the table.
“ Refers to the country of recruitment and not necessarily to racial origin.

" Mutations that were tested in tumor tissue samples but not serum included: exon 20 insertion, exon 21 L861Q), exon 18 G719X, and exon 20 S7681. Two patients with tumor
samples had these mutations (1 with exon 20 insertion and | with exon 21 L861Q). These patients were excluded from the comparative analysis of mutation detection by sample

type.

¢(DNA, circulating frec DNA: £GFR, epidermal growth factor receptor; ITT, intent-to-treat.

tumor and c¢fDNA except one patient who had exon 20
T790M and exon 21 L858R by tumor but exon 20 T790M
only by cfDNA (Table 3).

DISCUSSION

The feasibility of using ¢cfDNA to detect EGFR muta-
tions was assessed in the Japanese subset of patients from the
IPASS study. The proportion of patients identified as EGFR
M- was lower when assessed in cfDNA (23.7%) compared
with tumor tissue (61.5%). Although cfDNA results identified
no false positives, a high rate of false negatives (56.9%) was
observed, with more than half of the tumor M+ patients not
detected by cfDNA testing (of patients with evaluable muta-
tion status from both ¢fDNA and tumor). Further research
into appropriate methods and analysis needs to be performed
before it could be accepted as an option in the diagnostic or
screening setting. If larger patient series confirmed the ab-
sence of false-positive results and demonstrated an improve-
ment or lowering of false-negative results, serum testing may
prove useful for patients for whom tumor samples are not
available.

Testing of biopsied tumor tissue remains the current
recommended method for £EGFR mutation analysis.? How-
ever, tumor tissue is often difficult to obtain, particularly from
patients with advanced non-small cell lung cancer (NSCLC),
and a lack of tumor cells in a given sample and subsequently
failure on pathological examination can make EGFR muta-
tion analysis very difficult. The increased recognition of the
relevance of mutation testing to treatment selection may
stimulate efforts to better obtain tissue for EGFR mutation
testing in the future. [n the meantime, detection of EGFR
mutation status in ¢fDNA derived from serum/plasma may
allow patients without diagnostic tumor material the oppor-
tunity to benefit from personalized treatment and also has a
use in the clinical trial setting where tumor material is not
always available.

Although minimally invasive, the use of serum as a
nontumor surrogate sample may be limited by the amount of
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cfDNA available in the sample, meaning that some positive
samples are not detected. In addition, some patients may not
have cf tumor DNA as their tumors may not be releasing this
material into the bloodstream, giving rise to false-negative
results. Because of the limited yields of c¢fDNA obtained
from serum, two changes (in addition to duplicate tests) were
made to the EGFR mutation ARMS kit used to detect EGFR
mutations in this study: an increase in the number of PCR
cycles and an alteration of the cutoffs used to define M+
samples (dCt values). Further analysis is underway to investigate
whether these conditions are the most appropriate and whether
less stringent settings could result in more true positives (fewer
false negatives) while retaining no false positives.

There have been several reports on the detection of
¢fDNA EGFR mutation status using different methods. A
significant correlation between cfDNA EGFR mutation status
and clinical response to gefitinib was found in two previous
small studies that assessed cfDNA EGFR mutation status
using the ARMS method of detection, a highly sensitive (1%
sensitive) targeted technique to detect specific known EGFR
mutations.®!! Other screening techniques detect all EGFR
mutations, known and novel variants, by PCR amplification
followed by sequencing, pyrosequencing, or melt analysis
(10-30% sensitivity).8 However, although these methods are
widely used for EGFR mutation analysis of DNA derived
from tumor tissue, not all of these methods have demon-
strated utility for EGFR mutation analysis of ¢cfDNA. In a
small study that used DNA sequencing to detect EGFR
mutations in serum, mutations were more frequently ob-
served in patients experiencing partial response or stable
disease compared with those whose disease progressed. al-
though the difference did not reach statistical significance.'”
No statistically significant association between cfDNA EGFR
mutation status and PFS by multivariate analysis (HR, 1.48;
95% CI, 0.93-2.36; p = 0.09) was found in the study by
Rosell et al.'2 which assessed EGFR mutations by PCR-based
methods in the presence of a protein nucleic acid (PNA)
clamp in the cfDNA extracted from serum of 164 patients
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treated with erlotinib. In another study that used denaturing
high-performance liquid chromatography to analyze for mu-
tations in exons 19 and 21 from matched plasma and tumor
samples, patients with plasma EGFR mutations had signifi-
cantly higher ORR and prolonged PFS.7 The present study
using ARMS demonstrated that the treatment effect for the
Japanese cfDNA EGFR M+ subgroup followed the same
pattern as the tumor EGFR M+ subgroup of .the overall
IPASS population (i.e., PFS HR significantly in favor .Of
gefitinib and higher ORR with gefitinib versus carboplatin/
paclitaxel).® There was a significant interaction between
cfDNA EGFR mutation status and treatment for PFS.

Any variance in concordance rates for mutation results
between pretreatment serum versus tumor tissue (66.3% in
our study and between 58 and 93% in previously reported
studies)’?-'!" may be attributed to different methods of ex-
traction, detection, run conditions, the size and yield of the
DNA fragments, and the fact that ¢cfDNA may not be present
in the circulation of all patients with NSCLC. For example,
targeted sequences amplified by ARMS are short, at 100150
bp, leading to decreased assay failure rates (particularly from
formalin-fixed paraffin-embedded material or fragments of
¢fDNA) compared- with sequencing methods, which tend to
involve the amplification of longer target sequences of 150
250 bp or above.8.13.14.17.18

In patients who were cfDNA EGFR M— in this study, no
significant difference for PFS was seen with gefitinib compared
with carboplatin/paclitaxel; however, the HR was not constant
over time (as was observed for the overall Japanese study
population). These results should be interpreted with caution as
there was a high rate of false negatives, and this ‘subgroup is
likely to include tumor £GFR M+ and M— patients.

In conclusion, these results merit further investigation
to determine whether alternative samples, including serum or
plasma, may be considered for determining EGFR mutation
status in future, particularly in cases where diagnostic tumor
material is not available. Currently, analysis of tumor mate-

rial is the recommended method for determining EGFR
mutation status.
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