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epithelium of the cornea.' The management of filamentary keratitis
can be clinically challenging. Current best-practice management of
filamentary keratitis involves treatment of the underlying dry eye and
specific treatments that are aimed at the corneal filaments.* Proposed
treatments include lubricants, topical steroidal and nonsteroidal anti-
inflammatory agents, and punctal plugs for aqueous-deficient dry eye,
as well as mechanical removal of filaments, hypertonic saline, muco-
Iytic agents, and bandage contact lenses for the filaments. However,
the fundamental management strategy is treatment of the underlying
cause of filament generation.

Cetuximab, a monoclonal antibody directed against the epider-
mal growth factor receptor (EGFR), has been demonstrated to im-
prove overall and progression-free survival in patients with colorectal
cancer that is refractory to traditional chemotherapy. EGFR inhibitors
(EGFRIs) such as cetuximab typically induce adverse effects such as

papulopustular rash, dry skin, itching, and hair and periungual alter-

ations. Ttis not surprising that these adverse reactions occur as derma-
tologic symptoms because cutaneous tissues are critically dependent
on EGFR signaling for normal function.’

We had two reasons for considering the cause of this patient’s
filamentary keratitis to be cetuximab, an EGFRI. First, EGFR signaling
is known to play an important role in normal ocular homeostasis.”
EGFRs are strongly expressed on the corneal epithelium, keratino-
cytes, and the endothelium. Endogenous EGF is found in high con-
centrations in tears, promoting the migration and proliferation of
epithelial cells and thereby facilitating corneal epithelial wound heal-
ing."” Several clinical studies of topically applied EGF yielded prom-
ising results in terms of corneal epithelial healing after severe corneal
damage, such as with corneal trauma. Recently, EGF eyedrops have
been confirmed as an efficacious topical treatment for traumatic cor-
neal ulcers® and herpetic corneal ulcers.” At present, human EGF
eyedrops are an option, although off-label, for treating intractable
corneal wounds.

Second, there is evidence that indicates that the inhibition of
EGFR-mediated signaling pathways will evoke corneal damage in
vivo.® For example, in preclinical toxicity studies, the systemic admin-
istration of gefitinib, an EGFR tyrosine kinase inhibitor, was reported
to significantly delay the corneal epithelial healing and to decrease
corneal epithelial cell proliferation in rats and dogs.”'® A small num-
ber of cases of EGFRI-associated corneal wounds in humans have also
been reported.'"'? Most required discontinuation of EGFRI because
of exacerbation of symptoms. It is regrettable when EGFRI must be
stopped because of adverse effects. Thus, treatment options for these
adverse reactions are needed so that patients can continue their anti-
cancer treatment as scheduled.

To our knowledge, this is the first report of filamentary keratitis
associated with cetuximab that was successfully treated with EGF
eyedrops. Although there is one report that describes the use of topical
human EGF for the treatment of corneal damage during cetuximab
treatment," the filamentary keratitis was nonspecific in that case. Qur
case is noteworthy in that it was not necessary to stop antitumor
treatment with cetuximab because of adverse effects. This raises the
possibility that human EGF eyedrops are an effective therapy for
EGFRI-associated corneal damage. It is important for patients to con-

tinue treatment with cetuximab as long as this agent remains effective.
Use of EGF eyedrops for EGFRI-associated corneal damage is a rea-
sonable treatment option, given that such eyedrops may augment
endogenous EGF in tears and thereby locally reverse the inhibition of
EGFR signaling by EGFRI. EGFR eyedrops also seem to be safe, given
that there is no evidence of carcinogenesis associated with topical
application of EGF. With the increasing use of cetuximab in cancer
therapy, cetuximab-associated corneal damage may occur more fre-
quently. Moreover, the topical EGF treatment administered to our
patient might be applicable to serious adverse dermatologic reactions
to EGFRI. Given that EGFRIs are such a promising anticancer therapy,
we anticipate future studies aimed at establishing therapies for some of
the adverse effects that typically occur with EGFRI administration.
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Purpose
This phase Ill trial was conducted to test whether the novel vascular disrupting agent ASA404

(vadimezan), when combined with first-line platinum-based chemotherapy, improves survival in
patients with advanced non-small-cell lung cancer (NSCLC) versus chemotherapy alone.

Patients and Methods
Patients with advanced stage 1B or [V NSCLC, stratified by sex and tumor histology, were

randomly assigned 1:1 to paclitaxel (200 mg/m?) and carboplatin (area under the curve, 6.0) with
or without ASA404 (1,800 mg m?), given intravenously once every 3 weeks for six cycles followed
by maintenance ASA404 or placebo. Primary end point was overall survival (OS); secondary end
points included overall response rate (ORR) and progression-free survival (PFS).

Results
One thousand two hundred ninety-nine patients were randomly assigned. The trial was stopped

for futility at interim analysis. At final analysis, there was no difference in OS seen between
ASA404 (n = 649) and placebo (n = 650) arms: median OS was 13.4 and 12.7 months respectively
(hazard ratio [HR], 1.01; 95% Cl, 0.85 to 1.19; P = .5635). Similarly, no OS difference was seen in
the histologic {(squamous or nonsquamous) and sex (male or female) strata. Median PFS was 5.5
months in both arms (HR, 1.04; P = .727), while ORR was 25% in both arms (P = 1.0). Overall rate
of adverse events (AEs) was comparable between the ASA404 and placebo arms. Grade 4
neutropenia (27% v 19%) and infusion site pain (10% v 0.5%) were reported more frequently in
the ASA404 arm.

Conclusion
The addition of ASA404 to carboplatin and paclitaxel, although generally well tolerated, failed to

improve frontline efficacy in advanced NSCLC.

J Clin Oncol 29:2965-2971. © 2011 by American Society of Clinical Oncology

opment has evolved to combine VDAs (targeting
the core) with cytotoxic agents (targeting the viable

Vascular disruption of existing tumor blood vessels
represents a novel antineoplastic strategy. In preclin-
ical models, tumor vascular disrupting agents (VDAs)
have been shown to selectively affect endothelial
cells of established tumor blood vessels, resulting in
ischemia in the central component of tumor masses,
but with persistence of a viable layer of cancer cells in
the periphery.’™ Because tumor VDAs predomi-
nantly target the tumor core—a hypoxic region in
which cells are known to harbor resistance to tradi-
tional DNA-damaging chemotherapy— drug devel-

rim) to achieve synergistic tumor kill.*

Among the tumor VDAs furthest along in
development is ASA404 (vadimezan, 5,6-
dimethylxanthenone-4-acetic acid), an analog of fla-
vone acetic acid. Although the actual molecular target
of ASA404 is unknown, its pharmacologic effects have
been well described in preclinical models.” Tt has been
shown to promote apoptosis of endothelial cells of tu-
mor blood vessels, causing the release of von Wille-
brand’s factor which then leads to blood dotting and
vessel occlusion.
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ASA404 has also been shown to trigger a local cascade of cyto-
kines including serotonin and tumor necrosis factor. The direct and
indirect effects of ASA404 culminate in the breakdown of vasculature
and hemorrhagic tumor necrosis. ASA404 has also shown to have
either additive or synergistic antitumor effects when combined with
several cytotoxic chemotherapeutic agents, including paclitaxel.®

A randomized phase 1T trial of carboplatin (area under the curve
[AUC], 6) and padlitaxel (175 mg/m?*) with or without ASA404 (at
1,200 mg/m?) was conducted in 73 patients with advanced non—
small-cell lung cancer (NSCLC),” a population in which standard
platinum-based chemotherapy has traditionally yielded marginal out-
comes, such as overall response rates (ORR) of lower than 30% and
median overall survival (OS) times of approximately 8 to 10
months.*® In that trial, ASA404 plus chemotherapy appeared to im-
prove efficacy over chemotherapy alone in terms of ORR (31.3% v
22.2%), median time to progression (TTP, 5.4 v 4.4 months), and
median OS (14.0 v 8.8 months). To further verify those results and to
explore a dose-response relationship, a single-arm phase I extension
trial of 31 patients with advanced NSCLC was performed to evaluate
ASA404 at a higher dose of 1,800 mg/m?, again in combination with
carboplatin and paclitaxel. Tumor ORR was 37.9%, median TTP was
5.5 months, and median OS was 14.9 months.'® Tn both studies,
efficacy appeared to be improved with ASA404 regardless of tumor
histology (squamous v nonsquamous), and there was no overt in-
crease in serious adverse events.

These results led to this global, randomized, double-blind,
placebo-controlled trial (Antivascular Targeted Therapy: Researching
ASA404 in Cancer Treatment [ATTRACT-1]) of ASA404 plus carbo-
platin and paclitaxel versus placebo plus carboplatin and paclitaxel in
patients with stage I1IB/IV NSCLC who had not previously received
systemic therapy for metastatic disease. This trial was conducted at
more than 200 sites in 20 countries.

Patients

Eligible patients were = 18 years of age with histologically confirmed
NSCLC and WHO performance status 0 or 1 who had either newly-diagnosed
stage TTTb disease (malignant pleural effusion or pericardial effusion) or stage
TV disease.'' No prior systemic antineoplastic treatment for advanced NSCLC
wasallowed; however, prior neoadjuvant or adjuvant chemotherapy for earlier
stage I/TI NSCLC was allowed if the last dose was 12 months or more before the
baseline visit. Patients must have measurable or nonmeasurable disease per
Response Evaluation Criteria in Solid Tumors (RECIST) and acceptable
hematologic, renal, and hepatic end-organ function. Patients must have
recovered from all prior anticancer therapies, including radiotherapy and
major surgery.

Patients with symptomatic or uncontrolled central nervous metastases
were excluded, as were those with a history of another primary malignancy = 5
years, with the exception of nonmelanoma skin cancer or cervical cancer in
situ. Prior exposure to tumor VDAs or other antiangiogenic agents was not
allowed. Patients with uncontrolled hypertension (systolic blood pressure
[BP] > 160 mmHg and/or diastolic BP > 90 mmHg), hemoptysis (> 1
teaspoon in a single episode within 4 weeks), or concurrent severe and/or
uncontrolled medical, neurologic, or psychiatric disease were excluded. Be-
cause of the uncertain effects of protocol therapy on the developing fetus or
nursing infant, pregnant or breast feeding fernales were excluded. Patients with
pre-existing QT prolongation or relevant cardiac rhythm disorders at baseline
were also excluded.

The study protocol was approved by the independent ethics commit-

tee or institutional review board of all participating study centers, and all

2966  © 2011 by American Society of Clinical Oncology

patients gave written informed consent before any study-related proce-
dures were performed. A list of all participating investigators and their
countries of origin is provided in Appendix Table Al (online only).

Study Design and Treatment Schedule

Patients received a 3-hour intravenous infusion of paclitaxel every 3
weeks. To be consistent with contemporary studies of paclitaxel-based therapy
in NSCLC, paclitaxel dose was set at 200 mg/m® instead of 175 mg/m?,
Paclitaxel was followed by a 30- to 60-minute infusion of carboplatin AUC 6.0
on day 1. Calvert’s formula using AUC and calculated glomerular filtration
rate (Cockroft and Gault formula) was used to determine carboplatin dose.
Patients also reccived an intravenous infusion of ASA404 1800 mg/m” or
matched placebo (both with identical amber colored cover and tubing for
ASA404 light sensitivity) over 20 minutes after the administration of chemo-
therapy on day 1. Any dose reduction or dose delay in chemotherapy was based
on the severity of a related toxicity, as graded by National Cancer Institute
Common Toxicity Criteria for Adverse Events version 3.0. Patients requiring a
delay in study treatment for longer than 3 weeks or who had more than two
dose reductions were discontinued from study treatment.

Study treatment was to be administered for 6 treatiment cycles. Patients
who completed the 6 cycles of study treatment without progressive disease
(PD) continued to receive blinded study drug, either ASA404 1,800 mg/m* or
placebo, as maintenance treatment until progression. Patients who discontin-
ued study treatment before completing all 6 cycles were not eligible to continue
on maintenance treatment but were observed until documented PD and then
for survival.

Tumor response was evaluated according to the RECIST using com-
puted tomography scans (or magnetic resonance imaging) with contrast of the
chest and abdomen. All the patients were assessed radiographically every 6
weeks = 3 days from the date of random assignment until PD. Patients who
discontinued study treatment for reasons other than documented PD contin-
ued to have tumor assessments every 6 weeks until documented PD. All
patients were followed every 6 weeks for survival following treatment discon-
tinuation, or documented PD until either death or the data cutoff date
was reached.

The European Organisation for Research and Treatment of Cancer
Quality of Life Questionnaire C30 questionnaire was used to evaluate the
patient’s symptoms, function, and quality of life. Questionnaires were admin-
istered before patients being assessed for response or mformed about their
disease status. Questionnaires were completed by the patient on day 1 of each
odd cycle and at the end of treatment visit. Safety assessments consisted of
monitoring and recording all AEs and serious AEs, with their severity and
relationship to study drug, and regular monitoring of hematology, blood
chemistry, urine, EKGs, vital signs, physical condition, and body weight.

Statistical Analysis

Random assignment was stratified by sex (male v female) and histology
{squamous v nonsquamous). Tnstitutional balancing was used to ensure that
approximately the same numbers of patients were assigned to each treatment
arm within the center. Sample size calculation was based on a two-look group
sequential design with an overall type I error of o = .025 (one sided) and a
study power 1 — B = 90% using the log-rank test. Assuming an hazard ratio
(HR) 0f 0.80 (corresponding to a median OS of 9 months for the placebo plus
carboplatin/pactitaxelarmand 11.25 months for the ASA404 plus carboplatin/
paclitaxel arm), a 1:1 random assignment to ASA404 versus placebo and a
preplanned interim analysis with 25% of the total number of deaths, a total of
950 deaths were required in the final analysis of OS. Assuming a recruitment
time of 18 months and an additional follow-up of approximately 15 months,
1,200 patients were required. One interim analysis of OS was planned after the
occurrence of 238 deaths (25% of the total deaths). The trial was to be stopped
for futility if an observed IR (ASA404 v placebo) was greater than 0.9985,
whereaHR oflower than 1 meant better survival in the experimental arm than
in the control arm. At the preplanned interim analysis conducted in March
2010, and the independent data safety monitoring committee recommended
stopping the trial for futility.
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summarizes the disposition of patients entered into the trial. Baseline
demographics and disease characteristics are summarized in Table 1.
The ASA404 and placebo treatment arms were well-balanced with
regard to the demographic characteristics. The median age was 61
years, and the majority of the patients were white (approximately
72%). Most patients had nonsquamous tumor histology (75%), with
adenocarcinoma (approximately 67%) being the most common sub-
type. The vast majority of patients (91%) had stage IV disease. The
time from initial diagnosis to random assignment was = 6 months for
92% of patients. There were no apparent differences between the arms
in the proportion and type of subsequent systemic therapies after
completion of protocol treatment, as summarized in Table 2.

Efficacy

Overall survival outcomes for all randomly assigned patients are
summarized in Figure 2. The median OS for the ASA404 and placebo
arms was 13.4 months (95% CI, 11.4 to 16.6) and 12.7 months (95%
Fig 1. CONSORT diagram. CT, 11.3 to 14.4), respectively. There was no statistically significant
difference in OS between the two treatment arms, HR of1.01 (95% CI,
0.851t0 1.19; one-sided P = .535). There were also no differencesin OS
between the two treatment arms with regards the primary stratifica-
tion factors of histology and sex. Specifically, HRs for OS for the strata
were as follows: patients with nonsquamous NSCLC (HR, 0.98; 95%
Patients CI, 0.80 to 1.19); squamous NSCLC patients (HR, 1.10; 95% CI, 0.79

From April 2008 to October 2009, 1,299 patients were randomly  to 1.52); male patients (HR, 1.02; 95% ClI, 0.83 to 1.25); and female
assigned, 649 to the ASA404 arm and 650 to the placebo arm. Figure 1 patients (HR, 0.98; 95% CI, 0.72 to 1.34).

Table 1. Patient Demographics and Disease Characteristics

ASA404 + Placebo +
Carboplatin/Paclitaxel Carboplatin/Paclitaxel All Patients
Demographic or Characteristic No. % No. % No. %
“No. of patients a9
Age, years
Median
Range
Sex i B
i Male 403
Race
White 464 71.8 465 71.5 929 715
Asian 162 25.0 164 25.2 326 25.1
Other

< Performance status. .0 "¢
7 Missing

Histology
Squamous 132 20.3 133 265 20.4
Nonsquamous 494 76.1 484 978 75.3
Adenocarcinoma 432 ) 66.5 438 868 66.8

Undifferentiated carcinoma
Adenosquamous cell carcinoma
Large-cell carcinoma
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Table 2. Systemic Antineoplastic Therapies Since Discontinuation of
Study Treatment
ASA404 + Placebo +
Carboplatin/ Carboplatin/
Paclitaxel Paclitaxel
Line of Treatment No. % No. Yo
“'No.of patients: 649 - 650
Second line
Any 364 56.1 368 56.6
Pemetrexed 115 17.7 113 17.4
Erlotinib 70 10.8 75 11.5
Carboplatin 64 9.9 56 8.6
Paclitaxel 42 6.5 41 6.3
Cisplatin 36 5.5 25 3.8
Docetaxel 35 5.4 44 6.8
Gemcitabine 34 5.2 38 5.8
Gefitinib 26 4.0 27 4.2
Investigational drug 22 3.4 28 43
Vinorelbine 20 3.1 16 2.5
Bevacizumab 9 1.4 el 1.4
Paclitaxel with carboplatin 4 0.6 2 0.3
Other cytotoxic chemotherapy 5 0.5 9 1.4
Other biologics 3 0.5 1 0.2
= Third line )
Ay e L 99 - 153 106 16.3
Erotinb - 0 35 B4 31 48
Pemetrexed . iiUigg 432945
WVinorelbine. T T g g
- Gemgitabine - ST 5 0.8
-Cisplatin®« 608 5 0.8
" Docetaxel 609 16 25
- Gemcitabine ‘6 0.9 2 03
Investigational drug = 5 Se0.8 Tl 0.3
- Bevacizumab i 4 0.6 3 0.5
“Carboplatin - 3. 05 1 0.2
_ Gefitinib 203 6 0.9
“Other cytotoxic chemotherapy 5 0.8 6 0.9
- “Other biologics (cetuximab) 10 0.2 0
Fourth line
Any 31 4.8 28 4.3
Fifth line : .
CARY Ggiioel e iog

Progression-free survival (as assessed by investigators) for all
patients is summarized in Figure 3. The estimated rates of PFS at 12
months were 6.7% and 6.9% in the ASA404 and placebo arms, respec-
tively. The median PFS was 5.5 months (95% ClI, 5.2 to 5.6) for the
ASA404 arm, and 5.5 months (95% CI, 5.4 to 5.6) for the placebo arm.
The two treatments arms did not show a statistically significant differ-
ence in PFS (HR, 1.04; 95% CI, 0.91 to 1.19; one-sided P = .727). As
with the OS analysis, none of the prespecified strata demonstrated any
significant differences in PFS between the treatment arms (data
not shown).

Overall response rate as per RECIST based on investigators as-
sessment demonstrated complete response (CR) in 2 (0.3%) and 3
(0.5%) patients and partial response (PR) in 158 (24.3%) and 157
(24.2%) in the ASA404 and placebo arms, respectively. Disease stabi-
lization (39.6% v 39.5%) and PD (15.7% v 15.8%) were observed at
similar rates between the ASA404 and placebo arms, respectively. The

2968  © 2011 by American Society of Clinical Oncology

4 - ASA404 + PC

1007 ——— Placebo + PC
=2 80+
—_ Hazard ratio = 1.01
g 95% Cl, 0.85 to 1.18
'S 604 Log-rank P=.535
=
(V5] e
= 40 N e
> ™Mby
S 20- L_Lw.w

T T T

0 2 4 6 8 10 12 14 16 18 20 22 24 26

Time Since Random Allocation {months)

Fig 2. Kaplan-Meier curves for overall survival. PC, paclitaxel and carboplatin.

ORR (CR + PR} respectively between the ASA404 and placebo arms
were 24.7% (95% CI, 21.4 to 28.2) and 24.6% (95% CI, 21.3 to 28.1).

Safety and Tolerability

The median number of cycles delivered for the combination
treatment was 5 (range, 1 to 6) in both treatment arms. The median
number of cycles for maintenance treatment was 3 (range, 1to 17) and
four (range, 1 to 16) in the ASA404 and placebo arms, respectively.
Overall, there were no major variations between the two arms in the
number of patients in each treatment cycle. Similarly, dose reductions
and delays were comparable between both the treatment arms. The
most common reasons for dose reduction were AEs (36.9% in the
ASA404 arm v 31% in the placebo arm) and lab test abnormalities
(21.6% v 20.8%), whereas the most common reasons for dose delay
were AEs (23.5% v 22.2%) and scheduling conflicts (25.6% v 26.1%).
Median cumulative dose, median dose intensity, and median relative
dose intensity were also comparable between the ASA404 and placebo
treatment arms (data not shown).

The incidence of AEs was similar between the arms and the
majority of AEs were of grade 1 to 2 severity. Neutropenia, alopecia,
nausea, and fatigue were the most frequently reported AEs, occurring
with comparable incidence in both arms. Incidence of grade 4 neutro-
penia was higher in the ASA404 arm than the placebo arm (26.6% and
19%, respectively). Infusion site pain was also reported at a higher
incidence in the ASA404 arm compared with the placebo arm (10.5%

= 1004 o ASA4D4 + PC
= 00 \'\\ ~—— Placebo + PC

© .

z 804 S~

= S Hazard ratio = 1.04
& W, 95% C1, 0.8110 1.19
@ 60+ . '\ Log-rank P=.727
g \

& 401 \\

e X

& 3

LN

§ 204 \&:

o S

o Fa e

5 T T T T

8 10 12 14 16 18
Time Since Random Allocation {months)

o
N}
»
»

Fig 3. Kaplan-Meier curves for progression-free survival (investigator assess-
ment). PC, paclitaxel and carboplatin.
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Table 3. Adverse Events, Regardless of Study Drug Relationship, With at Least 10% Incidence of Any Grade Events in Either Arm by Preferred Term,
Maximum Grade, and Treatrnent

Treatment by Grade

ASA404 + PC (n = 629)

Placebo + PC {n = 62)

All 3

4 All 3 4

Event No. % No. %

1357 BB B8 264

“Neutropenia 000
Alopecia

““Nausea
Fatigue

- .Decreased appetite
Constipation

“Anemia
Diarrhea
“Arthralgia o
Dyspnea
Myalgias i i e 031 0 e 20080 e B 0.8
Vomiting 121 20.8 9 1.4
“Peripheral:netropathy. s oo 0116 18.3 ¢ R 213
Cough ' 104 16.5 11 1.7
“-Peripheral sensory neuropathy .o 100 =0 215.9+ 6 1.0
Pain in extremity 93 14.8 9 1.4
Dizziness i i DT 82 £ LR 0.2
Leucopenia 91 14.5 40 6.4
Snsominia s e - 86 237 i 2 S003
Pyrexia 86 13.7 1 0.2
Thrombocytopenia® /im0 85w 18670000022 3.5
Asthenia 83 13.2 8 1.3
~Rash : SRS I L D6 e ] 20 0 0.0
Infusion site pain 66 10.5 3 0.5
“Backopain i BT 9T 1A 22
Paresthesia 60 9.5 3 0.5
“Noncardiac chest pain: i e 4B 00 0 780 B 0.8

3 0.5 303 48.5 6 1.0 0 0.0

1 0.2 219 35.0 0
S0 0000 86 L 26,8 :0

1 0.2 161 25.8 0
Sy S0:8 166 250 F2uE

1 0.2 128 205 1
Qe 000501460 0 i 120

5 0.8 131 21.0 4
a0 e 000 e 120203 ‘0

0 0.0 146 23.4 0
D2 03 124000000 19.8 e
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Abbreviation: PC, paclitaxel and carboplatin.

NOTE. Preferred terms are sorted by descending frequency of all grades in the ASA404 + PC arm. Adverse events occurring more than 28 days after last date

and 1.1%, respectively). The other AEs reported with a slightly higher
incidence in the ASA404 arm compared to placebo were dysgeusia,
visual impairment, decreased appetite, pain in extremity, and dizzi-
ness. There was no overt increase in AEs relevant to VDAs, such as
hemoptysis or cardiac toxicity. For example, hemoptysis (all grades)
was observed in 6.4% in the ASA404 arm versus 6.2% in the placebo
arm. Only one patient in each arm had grade 4 hemoptysis. A sum-
mary of AEs by treatment arm is presented in Table 3.

Overall, a similar number of on-treatment deaths were reported

between the ASA404 and placebo treatment arms (28 patients and 25

patients, respectively). Three deaths were considered to be related to
the study drug, one in the ASA404 arm (myocardial infarction) and
two in the placebo arm (cerebrovascular accident in one and un-
known in the other). There was no clustering of any specific type of
events leading to death in any treatment arm. Notably, there was no
evidence for enhanced vascular toxicities, such as bleeding or throm-
bosis with ASA404, even in the squamous cell cancer subset, in con-
trast to that seen with angiogenesis inhibitors such as bevacizumab.

Quality of Life
Summary of the changes in patient reported outcome scores

assessed using the European Organisation for Research and Treat-

WHW.jCO.01g

ment of Cancer Quality of Life Questionnaire C30 questionnaire by
time point and treatment are presented in the Appendix Table A2
(online only). There was a decrease in the physical functioning do-
main across both treatment arms at the end of treatment. However,
for the global health status/quality of life domain there was no change
observed between the treatment arms over time.

This large randomized trial failed to demonstrate any efficacy advan-
tage to the addition of the tumor VDA ASA404 to standard platinum-
based chemotherapy for the first-line treatment of advanced NSCLC.
As a result, further clinical development of this agent has been halted.
This trial thus joins a long list of many like-designed negative studies
that have tested the paradigm of chemotherapy with or without a
novel targeted agent. Of the dozens of failed randomized phase 1
trials that employed this strategy in the recent past, only trials of
bevacizumab plus carboplatin/paclitaxel (Eastern Cooperative Oncol-
ogy Group trial 4599)'* and arguably, cetwximab plus cisplatin/vi-
norelbine,'” have yielded improvements in OS, albeit modest, in favor
of the experimental arm. The ATTRACT-1 trial has now clearly dem-
onstrated that the purported synergistic vascular disrupting activity of

© 2011 by American Society of Clinical Oncology 2968
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ASA404 was insufficient to improve any of the efficacy measures in
unselected patients. This was in contrast to the trends for improve-
ment in efficacy variables of the preceding randomized phase 1 trial.

‘Why was there a disconnect between the encouraging results of
the randomized phase I1 trial of carboplatin/paclitaxel with or without
ASA404 and the negative results of this subsequent randomized phase
TIT trial? The most likely explanation is that the smaller sample size of
the phase 11 trial simply overestimated the treatment effect; the small
number of events wrongly influenced the shape of the survival curves
in favor of the experimental arm. This so-called random high yielded
a false-positive signal that could only have been refuted by a larger
clinical trial such as ATTRACT-1."" The lack of a placebo control and
investigator/patient blinding in the preceding phase II trial may also
have introduced biases that favored the experimental arm.

Surprisingly, the control arm of this phase 111 trial yielded a
median survival time of 12.7 months, well above the a priori assump-
tion of 9 months that was used in the ATTRACT-1 sample size and
power calculations. Tn fact, the numerical median OS achieved in the
control arm of this trial is higher than the median OS achieved with the
bevacizumab plus carboplatin/paclitaxel regimen in the pivotal ECOG
4599 trial, which was 12.3 months.'* The reason for this temporal
upward drift in OS is undear, but may be related to stage migration,
the higher accrued proportion of Asian patients (25%) who typically
have better outcomes compared to Western populations, and/or over-
all improvements in subsequent therapies for advanced NSCLC be-
yond initial platinum-based therapy.'™'® For example, in Eastern
Cooperative Oncology Group trial 4599, subsequent therapy was re-
ported in 46% of patients in the bevacizumab arm and in 43% in the
control arm, contrasting with the 56% rate in both arms of the current
study. 1t must also be noted that a slightly higher dose of paclitaxel was
used in ATTRACT 1 (200 mg/m?) as compared with the predecessor
phase TT study where 175 mg/m* was used. Whether this change
contributed to the higher than expected OS in the control arm is
uncertain. Nevertheless, the a priori assumptions of the ATTRACT 1
trial may have confounded the expectations of benefit in both treat-
ment arms.

It is notable that clinical evaluation of nonflavonoid (ie, tubulin
directed) VDAs are still in progress. These agents include fosbretabu-
lin, ABT-751, and NPI-2358, among others.'” Interestingly, prelimi-
nary results of a randomized phase 11 trial of carboplatin, paclitaxel,
and bevacizumab with or without fosbretabulin in advanced NSCLC
demonstated enhanced OS in the fosbretabulin-containing arm.'®
However, it remains to be seen whether tubulin-directed VDAs in
combination with chemotherapy and/or anglogenesis inhibitors will
improve outcomes in the phase I context.

Finally, it is worth emphasizing that the precise molecular target
of ASA404 remains elusive. This lack of understanding of the basic
mechanisms of ASA404 drug action have hampered a more defined

i

69:661-669, 2007

mammary tumours. Cancer Chemother Pharmacol

and ideal approach to clinical trial design wherein only patients with a
high likelihood of benefiting from VDA therapy, as identified by some
putative biomarker, are selectively accrued to a phase 11T randomized
experiment. Molecular correlative studies on tumor and blood speci-
mens collected from patients in this trial are ongoing and will be
reported in a separate publication. If further development of this class
of agents were to prosper, identification and validation of predictive
biomarkers for VDA benefit are warranted.
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Purpose: We investigated survival potential in patients receiving erlotinib after failure of gefitinib, focus-
ing on response and time to progression (TTP) with gefitinib.

Methods: We retrospectively reviewed lung adenocarcinoma patients who received erlotinib after expe-
riencing progression with gefitinib. Our primary objective was to evaluate the prognostic significance of
erlotinib therapy.

Ke}é“for.ﬂS: Results: A total 42 lung adenocarcinoma patients were included in this study. Overall disease control
E’:l o::'r:b rate was 59.5% (partial response [PR], 2.4%; stable disease [SD], 57.1%). Median overall survival was 7.1

months, and median progression-free survival was 3.4 months. The number of patients who achieved
PR and non-PR (SD+ progressive disease [PD]) with gefitinib were 22 (52%) and 20 (48%), respectively.
Patients with PR for gefitinib showed significantly longer survival times than those with non-PR (9.2 vs,
4.7 months; p=0.014). In particular, among PR patients, those with TTP <12 months on gefitinib showed
significantly longer survival times than those with TTP >12 months (10.3 vs. 6.4 months; p=0.04).

Conclusions: Erlotinib may exert survival benefit for lung adenocarcinoma patients with less than 12

EGFR mutation
Resistance to EGFR-TKIs
Time to progression of gefitinib

months of TTP of prior gefitinib who achieved PR for gefitinib.

© 2011 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Gefitinib and erlotinib are oral epidermal growth factor receptor
tyrosine kinase inhibitors (EGFR-TKIs). Gefitinib has been reported
to be effective in limited populations such as never smokers, Asians,
and patients with adenocarcinoma, and is particularly effective in
patients with EGFR mutations [1-3]. Erlotinib, which has a sim-
ilar quinazoline frame to gefitinib, is the first EGFR-TKI shown
to provide survival benefit in patients with non-small cell lung
cancer (NSCLC) {4}: the BR.21 trial revealed significantly longer sur-
vival times among patients who received erlotinib compared with
a placebo group [4]. In addition, these two EGFR-TKIs have been
found to occasionally induce a particularly significant response in
EGFR-mutant patients. However, despite this documented efficacy,
most cancer clones acquire resistance to these particular com-
pounds over time [5].

Previous studies have demonstrated that amplified MET onco-
gene and secondary EGFR T790M mutations are most commonly
responsible for resistance to gefitinib and erlotinib [6,7]. Indeed,
several previous studies showed that secondary EGFRT790M muta-
tion and MET amplification occurred in nearly half and 20% of lung

* Corresponding author. Tel.: +81 72 252 3021; fax: +81 72 251 1372.
E-mail address: kazu.taizo@nifty.com (K. Asami).

0169-5002/$ - see front matter © 2011 Elsevier Ireland Ltd. All rights reserved.
doi:10.1016/j.lungcan.2010.12.014

cancer specimens that had become resistant to EGFR-TKIs, respec-
tively [8-11]. In addition, the majority of patients who showed
secondary resistance had EGFR mutations such as exon 19 dele-
tion mutations or L858R point mutation, which have been found to
be sensitive to EGFR-TKIs [12,13].

Several reports have demonstrated clinical benefits when
administering erlotinib to NSCLC patients following failure of gefi-
tinib [14-18]; in contrast, one previous report has suggested that no
erlotinib-derived clinical benefit can be expected in patients who
failed gefitinib [19]. However, reports thus far have all had small
sample sizes, and clear findings regarding efficacy of erlotinib in
patients who failed gefitinib have yet to be obtained. Consequently,
whether or not erlotinib is useful in these patients remains contro-
versial.

We hypothesize that tumor clones may require exposure to gefi-
tinib treatment with a positive response for a specific duration
to acquire secondary common resistance to EGFR-TKIs. Even if a
patient experiences tumor progression on gefitinib therapy, sub-
sequent erlotinib therapy may nevertheless still be able to inhibit
progression, provided the tumor clones did not acquire secondary
resistance. As such, in positive-responder patients with confirmed
progression within a specific duration of gefitinib treatment, some
tumor clones may remain sensitive to erlotinib, and therefore these
patients may still experience survival benefit with erlotinib treat-
ment.
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Here, we conducted a retrospective study primarily aimed at
assessing overall survival (0S) of patients who received erlotinib
therapy after failure with gefitinib. We also attempted to charac-
terize the clinical features of patients who benefited from erlotinib
treatment.

2. Patients and methods

We retrospectively reviewed records for patients with
histopathologically diagnosed lung adenocarcinoma who received
erlotinib after experiencing progression on gefitinib at Kinki-chuo
Chest Medical Center between December 2008 and October 2009.
Responses were evaluated based on patient records and radio-
graphic studies, such as chest roentgenograms and computed
tomographic (CT) and magnetic resonance imaging (MRI) scans.
We examined EGFR mutation status using the PCR-invader method
with paraffin sections of biopsy specimens from patients.

Time to progression (TTP) with gefitinib was defined as the
period from initiation of gefitinib therapy to the date when dis-
ease progression was confirmed. Overall survival was defined as
the period from initiation of erlotinib therapy to the date of death
or last follow-up. Disease control rate (DCR) was defined as com-
plete response (CR) plus partial response (PR) plus stable disease
(SD). Evaluation of response to gefitinib and erlotinib therapy by
CT scan was performed according to the response evaluation crite-
ria in solid tumors (RECIST). Stable disease plus progressive disease
(PD) with prior gefitinib treatment was defined as “non-PR."

Categorical outcomes, including DCRs, were compared using
the x? test, and survival distribution was estimating using the
Kaplan-Meier method. Overall survival and progression-free sur-
vival (PFS)were compared with regard to demographic factors such
as gender, performance status, EGFR mutation status, response to
gefitinib, TTP with gefitinib, and toxicity grade of skin rash, which
may be associated with survival, using the log-rank test. Values
were considered statistically significant for p <0.05. A multivariate
Cox-proportional-hazards model was used to determine the clini-
cal variables which influenced 0S. Statistical analyses were carried
out using SPSS software ver. 11.0 for Windows (IBM, Chicago, IL,
USA).

3. Results
3.1. Patient characteristics

Forty-two patients with lung adenocarcinoma were reviewed in
the present study. All patients became refractory to gefitinib dur-
ing the course of treatment and were subsequently switched to

erlotinib therapy. Patient characteristics are described in detail in
Table 1. Thirty patients (71%) had received 1 or 2 regimens before

Table 2

Table 1
Patient characteristics.
Number (%)
Median age, years (range) 65 (31-85)
Sex
Male 13(31)
Female 29 (69)
Smoking history.
Never 28 (67)
Former/current 14 (33)
ECOG score
0-1 24 (57)
2-4 18 (43)
Cancer stage
B 8(19)
v 34(81)
Number of previous treatments with erlotinib
1-2 30° (71)
3< 12(29)
EGFR mutation
Exon 19 deletion mutation 14(33)
L858R 14 (33)
Exon 18 point mutation 1(2)
Wwild 13(32)
TTP with gefitinib treatment, months (range) 8.1(0.9-40.7)
<12 29 (69)
<12 13(31)
Response to gefitinib
CR 0(0)
PR 22(53)
SD 17 (40)
PD 3(7)

EGFR, epidermal growth factor receptor; TTP, time to progression: CR, complete
response; PR, partial response; SD, stable disease; PD, progressive disease; ECOG,
Eastern Cooperative Oncology Group.

4 Two patients received gefitinib as first-line treatment.

initiation of erlotinib and 2 (7%) had received gefitinib as first-line
treatment.

EGFR mutations were detected in 29 (69%) patients: 14 (33%)
had exon 19 deletions, 14 (33%) had L858R mutations, and 1 (2%)
had an exon 18 point mutation. The median TTP with gefitinib
treatment was 8.1 months. Thirteen (31%) patients had TTPs of 12
months or more, while 29 (69%) had TTPs of less than 12 months.
Twenty-two (53%) patients receiving gefitinib achieved PR, and 17
(40%) achieved SD. None achieved CR while receiving gefitinib ther-
apy. The response rate (RR) and DCR for gefitinib were 53% (22 of
42 patients) and 93% (39 of 42 patients), respectively. Of the 22
patients who achieved PR with gefitinib, 19 (86%) were found to
have EGFR mutations. Of the 20 patients who had SD or PD (non-PR)

Response to erlotinib according to the response to prior gefitinib and EGFR mutation status.

EGFR mutation Response to gefitinib

PR (n=22)

Non-PR? (n=20)

Positive, n (%) Negative®, n (%)

SD (n=17) PD (n=3)

Positive, n (%) Negative, n (%) Positive, n (%) Negative, n (%)

Response to erlotinib PR{N=1) 1(4.5) 0(0)
SD (N=24) 14 (64) 1(4.5)
PD (N=17) 4(18) 2(9)

0(0) 0(0) 0(0) 0(0)
3(18) 5(29) 0(0) 1(33)
6(35) 3(18) 1(33) 1(33)

EGFR, epidermal growth factor receptor: PR, partial response: SD, stable disease; PD, progressive disease. Overall disease control rate (PR +SD) was 73% (EGFR mutation-
positive: 15/22 [68%], EGFR mutation-negative: 1/22 [5%]) among patients who achieved PR with gefitinib and 45% (EGFR mutation-positive: 3/20 [15%], EGFR mutation-
negative: 6/20 [30%]) among patients with non-PR (SD +PD for gefitinib) with gefitinib treatment. Overall disease control rate was 62% (PR for gefitinib: 15/29 [52%), non-PR
for gefitinib: 3/29 [10%]) in EGFR mutation-positive patients and 54% (PR for gefitinib: 1/13 [8%], non-PR for gefitinib: 6/13 [46%)) in EGFR mutation-negative patients.

* Defined as SD plus PD with prior gefitinib therapy.
b EGFR wild-type.
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Table 3
Response to erlotinib stratified by TTP with prior gefitinib treatment.

(A) TTP with gefitinib <12 months

Response to gefitinib

TTP with gefitinib (months) <12 (n=29)

PR (n=11)n (%)

Non-PR (n=18)

SD(n=15)n (%) PD {n=3)n (%)

Response to erlotinib PR (n=1) 1 (9)
SD (n=17) 8.0 (73)
PD (n=11) 2(18)

B. TTP with gefitinib > 12 months

0(0) 0(0)
8% (44) 1(6)
7(39) 2(11)

Response to gefitinib

TTP with gefitinib (months) >12 (n=13)

PR (n=11)n (%)

Non-PR (n=2)

SD (N=2)n (%) PD (N=0) n (%)

Response to erlotinib PR (n=0) 0(0)
SD (n=7) 7(64)
PD (n=6) 4(36)

0(0) 0(0)
0(0) 0(0)
2 (100) 0(0)

EGFR, epidermal growth factor receptor; PR, partial response; SD, stable disease; PD, progressive disease; TTP, time to progression, Overall disease control rate was 62% (PR

for gefitinib: 9/29 [31%], non-PR for gefitinib: 9/29 [31%]) in patients with TTP of gefitinib <12 months. Overall disease control rate was 54% (PR for gefitinib: 7/13 [54%]

non-PR for gefitinib: 0/13 [0%]) in patients with TTP of gefitinib >12 months.

3

* Ten patients showed improvement of target lesions, but not to PR standards. Seven and three patients achieved PR and SD, respectively, with gefitinib treatment.

b A second biopsy from progression lesions was performed in three patients (one had PR and 2 had SD with erlotinib) who achieved PR with gefitinib. Exon 19 deletion
mutations which were the same pattern as detected in first biopsy specimen for primary diagnosis of NSCLC were identified, whereas EGFR T790M mutation, which endowed
secondary common resistance to EGFR-TKIs, was not identified in those biopsy specimens.

with gefitinib, EGFR mutations were detected in 10 (50%). Among
patients with EGFR mutations, only one showed PD with gefitinib
therapy, and RR and DCR in this group were 66% (19 of 29) and 97%
(28 of 29), respectively.

3.2. Response

On erlotinib therapy, 1 of 42 patients achieved PR, and 24 had
SD. No patients achieved CR with erlotinib. Overall RR and DCR for
erlotinib were 2.4% (one of 42) and 59.5% (25 of 42), respectively.

Response to erlotinib categorized by response to prior gefi-
tinib duration and EGFR mutation status is described in Table 2.
Among patients who achieved PR with gefitinib, one achieved PR
and 15 patients achieved SD with erlotinib therapy. Patients who
achieved PR with gefitinib showed higher DCRs with erlotinib than
patients who had non-PR with gefitinib (16 [73%] of 22 vs. 9 [45%]
of 20), albeit without statistical significance (p=0.07). In addi-
tion, EGFR mutation status was not found to be associated with
response to erlotinib; in terms of DCR, no significant difference
was noted between EGFR-mutant patients (18/29) and EGFR non-
mutant patients group (7/13) (62% vs. 54%, p=0.616).

Time to progression with prior administration of gefitinib was
not found to be associated with achieving a response with subse-
quent erlotinib. Details regarding response to erlotinib categorized
by TTP with gefitinib are shown in Table 3. DCR among patients
experiencing progression after less than 12 months of gefitinib
therapy was 18/29 (62%). In contrast, DCR among patients with
TTPs of 12 months or more was 7/13 (54%). No statistical significant
difference in DCR was noted between these two groups accord-
ing to TTP with prior administration of gefitinib (p=0.62). Of the
24 patients who achieved SD with erlotinib therapy, 10 showed
improvement in target lesions which had been exacerbated during
gefitinib treatment; all 10 were EGFR-mutant patients (4 L858R,
5 exon 19 deletion mutations, and 1 exon 18 point mutation), and
TTPs with gefitinib were all less than 12 months. Of the two patients
who received gefitinib as first-line treatment, one had an EGFR
L858R mutation and showed responses to gefitinib and subsequent
erlotinib of PR and SD, respectively. While this particular patient
showed a relatively long TTP (39.5 months) with gefitinib, disease

progression was confirmed 4 months after initiation of erlotinib
therapy, and OS was 58.6 months. The other patient who received
gefitinib as first-line treatment had EGFR-wild type, and responses
to both gefitinib and subsequent erlotinib treatment were PD. TTP
and OS in this patient were 3 and 7.4 months, respectively.

A second biopsy of the progressed lesions was performed in
three patients after gefitinib therapy failed. While exon 19 deletion
mutations of the same pattern as noted in the first biopsy specimen
for primary diagnosis were also detected on this second biopsy,
we noted no EGFR T790M mutations. Of note, however, was the
fact that imaging findings for lesions after erlotinib therapy were
improved on the second biopsy (Table 3).

3.3. Survival

Median OS and median progression-free survival (PFS) were
7.1 months (95% confidence interval [Cl]: 4.4-9.8 months) and 3.4
months (95% CI: 1.1-5.7 months), respectively (Fig. 1). Multivariate
analysis of prognostic factors was performed using a Cox propor-
tional hazards model to determine which clinical variables were
most strongly associated with OS (Table 4). Response to gefitinib

Table 4
Multivariate analysis of prognostic variables for OS by use of a Cox proportional-
hazards model.

Multivariate analysis

p* Hazard ratio 95% CI
Sex 051 1.35 0.55-3.31
ECOG score 0.19 0.58 0.25-1.31
EGFR mutation 0.78 1.13 0.48-2.70
Response to gefitinib 0.005 0.23 0.80-0.64
TTP of gefitinib 0.05 0.34 0.12-1.01
Grade of skin rash 0.29 0.64 0.27-1.47

EGFR, epidermal growth factor receptor; TTP, time to progression; Cl, confidence
interval; ECOG, Eastern Cooperative Oncology Group; PR, partial response. Response
to gefitinib was the only independent prognostic factor. TTP with gefitinib showed
borderline significance. Variables were compared as paired categories: sex (female
vs. male), ECOG score (0-1 vs. 2-4), response to gefitinib (PR vs. non-PR), TTP of
gefitinib (<12 months vs. >12 months), grade of skin rash (3 vs. 1-2).

# p<0.05 was considered significant.



214 K. Asami et al. / Lung Cancer 73 (2011) 211-216

1.2 1 A
1.09 LLL_L‘
I Median survival time: 7.1 months
Z 89 “1] .
= (95% Cl1: 4.4-9.8)
3 L
[ B
K] o b
Z Fim,
g ] o
N 44
3 4
S, L i
0.0
0 6 0 - 15 20 25
Survival time (months from initiation of erlotinib)
124 2A
z
:-g 104 5
© L‘L Mecdian progression-free survival: 3.4 months
= 4 (95% CI: 1.1-5.7)
g 84 ]1
@ '"13
g 1
é 84 EM -
2 4+ B!
] Aty
i+—_4_*}
2

0 2 4 6 8 10
Survival time (months from initiation of erlotinib)

Fig. 1. Kaplan-Meier plot of survival time with erlotinib. (A) Overall survival rates
and (B) progression-free survival rates of 42 patients. MST: median survival time;
mPFS: median progression-free survival.

was found to be the only independent prognostic factor (hazard
ratio=0.23; 95% CI: 0.08-0.64, p=0.005), and time to progression
with gefitinib showed borderline significance (hazard ratio= 0.34;
95% CI: 0.12-1.01, p=0.05).

Kaplan—Meier curves of survival time according to response to
prior gefitinib therapy are shown in Fig. 2. Patients who achieved
PR while receiving gefitinib therapy showed significantly longer
0S (p=0.014). However, no significant difference was noted in PFS
between patients with PR for gefitinib and those with non-PR (4.7
months [95% Cl: 2.9-6.5 months] vs. 1.8 months [95% CI: 1.4-2.2
months]; p=0.122). Time to progression with gefitinib showed a
borderline significant impact on survival with erlotinib therapy.
However, among patients who achieved PR with gefitinib, TTP
with gefitinib therapy was strongly correlated with survival time.
Kaplan—-Meier curves of survival time for patients who achieved
PR with gefitinib stratified according to TTP are shown in Fig. 3.
Patients with TTPs of less than 12 months with gefitinib ther-
apy were found to have significantly longer OS (10.3 months [95%
CI: 7.0-13.6 months] vs. 6.4 months [95% Cl: 2.6-10.2 months];
p=0.04) and longer PFS (6.4 months [95% Cl: 3.6-9.2 months] vs.3.4
months [95% Cl: 1.2-5.6 months]; p=0.19) than patients with TTPs
of 12 months or more. However, no statistically significant differ-
ence was noted between the two groups in terms of PFS (p=0.19).
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Fig. 2. Kaplan-Meier plot of survival time with erlotinib. (A) Overall survival rates
and (B) progression-free survival rates stratified by response to prior gefitinib. Non-
PR is defined as SD plus PD with gefitinib therapy.

In addition, we found that skin rash was not predictive of sur-
vival with erlotinib therapy. All patients in the present study were
affected by rash of some grade while receiving erlotinib. The degree
of skin rash toxicity due to erlotinib exceeded the grade noted dur-
ing gefitinib treatment in 32 patients. Seven patients required dose
reduction of erlotinib due to grade 3 skin rash. Using a Cox propor-
tional hazard model, we determined that skin rash grade had no
impact on survival (hazard ratio = 0.64[95% C1: 0.27-1.47]; p=0.29).

4. Discussion

Here, we investigated survival potential in patients receiv-
ing erlotinib after failure of gefitinib, focusing on response and
TTP with gefitinib. Our findings suggest that administration of
erlotinib subsequent to gefitinib may exert survival benefit in for-
mer gefitinib-positive responders. Further, among those former
responders, most with TTP <12 months may not yet have sec-
ondary resistance to EGFR-TKIs. Our findings suggest little chance
for patients to achieve a high response with erlotinib therapy after
experiencing progression with gefitinib therapy. This observation
may be due to these two EGFR TKIs sharing the same mechanism
of EGFR blockade or to cross resistance [5].

Our retrospective study showed that response achieved with
prior administration of gefitinib was the only prognostic factor
for subsequent erlotinib therapy after experiencing progression
on gefitinib therapy. In particular, among patients who achieved
PR with gefitinib, patients with TTPs of less than 12 months with
gefitinib therapy were found to have significantly longer OS than
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patients with TTPs of 12 months or more. In addition, most of
these patients showed some degree of improvement in image find-
ings after subsequent erlotinib therapy. We noted no EGFR T790M
mutations in any of three patients who underwent a second biopsy
of their progressed lesions after failure with gefitinib therapy. We
therefore supposed that most patients with TTP <12 months may
have not yet acquired the EGFRT790M mutation. However, we only
investigated the presence of a secondary EGFR T790M mutation in
three patients in the present study. Validation of this hypothesis
will require collection of more molecular information from patients
who are no longer responsive to gefitinib in the future.

Shepherd et al. demonstrated that TTP was 2.6 months in NSCLC
patients who had previously been treated with docetaxel therapy
[20]. We observed that PFS was 3.4 months in patients with TTP >12
months who achieved PR in our study, a duration which appears
improved over that demonstrated by Shepherd et al. Given these
findings, we posited that, regardless of duration of gefitinib ther-
apy, subsequent erlotinib may be able to prolong PFS compared to
chemotherapy with cytotoxic agent provided the patients demon-
strated a positive response with gefitinib. However, given that our
results were obtained in a retrospective study with an extremely
small sample population, a prospective study is warranted to clar-
ify whether or not erlotinib administered subsequent to gefitinib
can elicit greater survival benefit in gefitinib-positive responders
than chemotherapy with cytotoxic agents.

We noted here that treatment with erlotinib following gefitinib
resulted in more toxic grades of skin rash in patients, findings which
suggest that erlotinib may have greater biological activity than

gefitinib. Several other investigators have also suggested based on
their own findings that erlotinib may have higher biological activity
than gefitinib. Costa et al. showed that differing efficacy between
gefitinib and erlotinib was due to differences in commonly admin-
istered dosages between the two drugs [21]. Gefitinib (250mg
per day) is typically administered at one third of its maximum-
tolerated dose, whereas erlotinib (150 mg per day) is administered
at its maximum tolerated dose. In vitro data showed that the mean
concentration of gefitinib was 0.24 p.g/ml at the 300-mg daily dose
and 1.1 pg/ml at 1000 mg/day. In contrast, median concentration
of erlotinib at 150 mg/day was 1.26 .g/ml. These previous findings
suggest that erlotinib (150 mg/day) has a higher biological dose of
EGFR inhibition than gefitinib (250 mg/day).

Recent studies have demonstrated that the increased biological
activity of EGFR-TKIs is associated with control of tumor clones.
Yoshimasu et al. reported observing a dose-response relationship
between inhibition rates and gefitinib concentration [22]. Clarke
et al. reported that high-dose erlotinib was effective in controlling
leptomeningeal metastases progression while receiving standard
erlotinib therapy in EGFR-mutant patients [23]. These authors
demonstrated that a weekly 1200-mg dose of erlotinib controlled
leptomeningeal metastases in a patient who was no longer respon-
sive to a standard daily dose of erlotinib (150 mg).

Our findings here suggest that a treatment duration of 12
months of gefitinib therapy may be the borderline period for tumor
clones to attain resistance to EGFR-TKIs. However, speculation as
to whether or not previously EGFR-TKI-sensitive clones gradually
grow resistant to EGFR-TKIs has not been resolved. Further studies
are necessary to validate our findings.

In conclusion, gefitinib responders may achieve survival ben-
efits from erlotinib therapy after experiencing progression with
gefitinib. Among patients who have been receiving gefitinib ther-
apy for less than 12 months, tumor clones may not yet have
acquired a secondary mutation. However, further studies are
needed to clarify precisely how tumor clones attain such secondary
resistance to EGFR-TKIs.

Conflicts of interest statement

None declared.

Acknowledgements

We are grateful to the staff of Kinki-Chuo Chest Medical Cen-
ter for their helpful comments. We are especially indebted to Dr.
Masahiko Ando of Kyoto University for support on statistical anal-
yses.

References

[1] Moscatello DK, Holgado-Madruga M, et al. Frequent expression of a mutant
epidermal growth factor receptor in multiple human tumors. Cancer Res
1995;55(23):5536-9.

[2] Janne PA, Engelman JA, et al. Epidermal growth factor receptor mutations in
non-small-cell lung cancer: implications for treatment and tumor biology. ]
Clin Oncol 2005;23(14):3227-34.

[3] Baselga}, Arteaga CL. Critical update and emerging trends in epidermal growth
factor receptor targeting in cancer. J Clin Oncol 2005;23(11):2445-59.

[4] Pao W, Miller V, Zakowski M, et al. EGF receptor gene mutations are common
in lung cancers from “never smokers” and are associated with sensitivity of
tumors to gefitinib and erlotinib. Proc Natl Acad Sci 2004;101:13306-11.

[5] MitsudomiT,KosakaT, Endoh H, et al. Mutations of the epidermal growth factor
receptor gene predict prolonged survival after gefitinib treatment in patients
with non-small-cell lung cancer with postoperative recurrence. J Clin Oncol
2005;23(11):2513-20.

[6] Mok TS, Wu Y-, et al. Gefitinib or carboplatin-paclitaxel in pulmonary adeno-
carcinoma. N Engl ] Med 2009;361(September (10)):947~57.

[7] Shepherd FA, Rodrigues Pereira ], et al. Erlotinib in previously treated non-
small-cell lung cancer. N Engl ] Med 2005;353(2):123-32.



216 K. Asami et al. / Lung Cancer 73 (2011) 211-216

[8] Johnson JR, Cohen M, et al. Approval summary for erlotinib for treatment
of patients with locally advanced or metastatic non-small cell lung cancer
after failure of at least one prior chemotherapy regimen. Clin Cancer Res
2005;11(18):6414-21.

[9] Allan S, et al. Efficacy of erlotinib in patients with advanced non-small cell
lung cancer (NSCLC) relative to clinical characteristics: subset analysis from
the TRUST study. In: Poster presented at ASCO. 2008.

[10] Baselga ], Rischin D, et al. Phase 1 safety, pharmacokinetic, and pharmaco-
dynamic trial of ZD1839, a selective oral epidermal growth factor receptor
tyrosine kinase inhibitor, in patients with five selected solid tumor types. J
Clin Oncol 2002;20(November (21)):4292-302.

[11] Hidalgo M, Siu LL, Nemunaitis ], Rizzo ], et al. Phase I and pharmacologic study
of 0OSI-774, an epidermal growth factor receptor tyrosine kinase inhibitor,
in patients with advanced solid malignancies. ] Clin Oncol 2001;19(July
(13)):3267-79.

{12] Riely G}, Pao W, et al. Clinical course of patients with non-small cell lung cancer
and epidermal growth factor receptor exon 19 and exon 21 mutations treated
with gefitinib or erlotinib. Clin Cancer Res 2006;12(3 (Pt 1)):839-44.

[13] Choong NW, Dietrich S, Seiwert TY, Tretiakova MS. Gefitinib response of
erlotinib-refractory lung cancer involving meninges-role of EGFR mutation. Nat
Clin Pract Oncol 2006;3(January (1)):50-7 [quiz 1 p following 57].

[14] Mitsudomi T, Kosaka T, Endoh H, Yoshida K. Mutational analysis of the
EGFR gene in lung cancer with acquired resistance to gefitinib. ] Clin Oncol
2006;24(18S5):7074.

[15] Pao W, Balak MN, Riely GJ, Li AR. Molecular analysis of NSCLC patients with
acquired resistance to gefitinib or erlotinib. J Clin Oncol 2006;24(18S):7078.

[16] Bean J, Brennan C, Shih JY, Riely G, Viale A. MET amplification occurs with or
without T790M mutations in EGFR mutant fung tumors with acquired resis-

tance to gefitinib or erlotinib. Proc Natl Acad Sci USA 2007;104(December
(52)):20932-27.

[17] Engelman JA, Zejnullahu K, Mitsudomi T. MET amplification leads to gefitinib
resistance in lung cancer by activating ERBB3 signaling. Science 2007;316(May
(5827)):1039-43. .

[18] Engelman JA, Zejnullahu K, Mitsudomi T, et al. MET amplification leads to
gefitinib resistance in lung cancer by activating ERBB3 signaling. Science
2007;316(May (5827)):1039-43 [Epub 2007 April 26].

[19] Balak MN, Gong Y, Riely GJ, et al. Novel D761Y and common secondary T790M
mutations in epidermal growth factor receptor-mutant lung adenocarcinomas
with acquired resistance to kinase inhibitors. Clin Cancer Res 2006;12(Nov
(21)):6494-501.

[20] Shepherd FA, Dancey ], Ramlau R, et al. Prospective randomized trial of
docetaxel versus best supportive care in patients with non-small-cell lung
cancer previously treated with platinum-based chemotherapy. ] Clin Oncol
2000;18(10):2095-103.

[21] Costa DB, Schumer ST, Tenen DG, et al. Differenctial responses to erlotinib in
epidermal growth factor receptor (EGFR)-mutated lung cancers with acquired
resistance to gefitinib carrying the L747S or T790M secondary mutations. ] Clin
Oncol 2008:26(7):1182-4.

[22] Yoshimasu T, Ohta F, Oura S, et al. Histoculture drug response assay for gefi-
tinib in non-small-cell lung cancer. Gen Thorac Cardiovasc Surg 2009;57(March
(3)):138-43 [Epub 2009 March 12].

[23] Clarke JL, Pao W, Wu N, et al. High dose weekly erlotinib achieves thera-
peutic concentrations in CSF and is effective in leptomeningeal metastases
from epidermal growth factor receptor mutant lung cancer. ] Neurooncol
2010;February.



Lung Cancer 73 (2011)45-50

Contents lists available at ScienceDirect

Lung Cancer

journal homepage: www.elsevier.com/locate/lungcan

The usefulness of mutation-specific antibodies in detecting epidermal growth
factor receptor mutations and in predicting response to tyrosine kinase inhibitor
therapy in lung adenocarcinoma

Yoshiki Kozu®¢, Koji Tsuta®*, Takashi Kohno?, Ikuo Sekine¢, Akihiko Yoshida®f, Shunichi Watanabe¢,
Tomohide Tamura®¢, Jun Yokota®, Kenji Suzuki®, Hisao Asamura?, Koh Furuta?, Hitoshi Tsuda?

2 Division of Clinical Laboratory, National Cancer Center Hospital, Tokyo, Japan

b Division of Biology, National Cancer Center Research Institute, Tokyo, Japan

¢ Division of Internal Medicine and Thoracic Oncology, National Cancer Center Hospital, Tokyo, Japan
4 Division of Thoracic Surgery, National Cancer Center Hospital, Tokyo, Japan

¢ Division of General Thoracic Surgery, Juntendo University School of Medicine, Tokyo, Japan

! Department of Pathology, University of Tokyo, Tokyo, Japan

ARTICLE INFO ABSTRACT
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in primary lung adenocarcinoma. The ability to detecting such mutations using immunohistochemistry
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(IHC) would be advantageous.

Methods: The molecular-based and IHC-based EGFR mutations were analyzed in 577 lung adenocarcino-
mas using high resolution melting analysis (HRMA) and 2 mutation-specific antibodies, respectively.
Results: In the molecular-based analyses, DEL was detected in 135 cases (23%), and L858R was detected
in 172 cases (30%). In the IHC-based analyses, a positive reaction was detected in 59 cases (10%) for
the DEL-specific antibody, and in 139 cases (24%) for the L858R-specific antibody. With the molecular-
based results set as the gold standard, the sensitivity and specificity of the DEL-specific antibody were
42.2% and 99.5%, respectively, while the sensitivity and specificity of the L858R-specific antibody were
75.6% and 97.8%, respectively. The antibody specificities improved when the threshold for the mutation-
positive reactions was set as >50% of immunopositive tumor cells. The significant predictors of the clinical
response to EGFR-TKI were molecular-based EGFR mutations (p<0.001) and IHC-based EGFR mutations
(p=0.001). However, a multivariate analysis revealed that only molecular-based EGFR mutations were
significantly correlated with the clinical response (p<0.001).

Conclusions: Mutation-specific antibodies demonstrated extremely high specificities, but their sensitivi-
ties were not higher than those of molecular-based analyses. However, IHC should be performed before
a molecular-based analysis, because it is more cost-effective and can effectively select candidates for
EGFR-TKI therapy.
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1. Introduction

Many human receptor tyrosine kinases mediate signals that pro-
mote the proliferation and survival of cancer cells. Activation of
tyrosine kinases appears to be the causal event in many human
malignancies [1]. The importance of this finding is reflected in the
development of new anticancer drugs that specifically target these
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activated proteins. The clinical success of tyrosine kinase inhibitors
(TKIs), such as imatinib for the treatment of chronic myeloid
leukemia and gastrointestinal stromal tumors, has prompted inten-
sive efforts to identify and target additional oncogene kinases as a
broad therapeutic strategy for selected patient populations [2,3].
A subset of non-small cell lung cancer (NSCLC), particularly ade-
nocarcinomas, has activating mutations in the epidermal growth
factor receptor (EGFR) gene [4,5]. The most prevalent EGFR muta-
tions are deletions in exon 19 (DEL) and a point mutation at
codon 858 in exon 21 (L858R); together, these account for more
than 90% of all EGFR mutations. These 2 types of EGFR muta-
tions cause sustained activation of EGFR, followed by the selective
activation of Akt and signal transduction, and the activation of
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transcription signaling pathways: altogether, these promote cell
survival [4,6].

EGFR-TKIs are competitive inhibitors of the adenosine
triphosphate-binding clefts within the tyrosine kinase domain of
EGFR [7]; they effectively inhibit the critical antiapoptotic signals
transduced by the mutant receptors [6]. The clinicopathologic
parameters of female gender, East Asian ethnicity, adenocarci-
noma histology, and nonsmoking status are strong predictors of
the response to EGFR-TKIs [4,5,8,9]. Moreover, the DEL and L858R
mutations were also revealed to be strong predictors [10-14].
Therefore, the detection of such mutations provides both patients
and physicians with important information regarding the optimal
choice for therapy.

Direct sequencing is the gold standard method to detect EGFR
mutations. However, to obtain precise data, high-quality DNA
extracted from an adequate amount of pure tumor cells is required,
and this is expensive and time-consuming. Recently, other indirect
methods were developed to detect EGFR mutations, including Scor-
pion ARMS, the peptide nucleic acid-locked nucleic acid PCR clamp,
mutant-enriched PCR, the smart amplification process, and high-
resolution melting analysis (HRMA) {15,16]. These methods have
high sensitivities, and can be applied to specimens in which can-
cer cell content is low. However, they invariably require technical
labor and sophisticated instruments, and are therefore, not applied
in most pathology laboratories. ;

Compared to molecular techniques, immunohistochemistry
(IHC) is a fast and cost-effective method that can be performed in
most pathology laboratories on not only fresh, but also archival,
formalin-fixed tissue samples. Recently, some authors revealed
the correlation between EGFR mutations and EGFR phosphoryla-
tion detected by IHC [17,18]. Additionally, EGFR phosphorylation
antibodies exhibited a correlation with response to EGFR-TKIs
[18]. However, these antibodies recognize EGFR phosphorylation
regardless of mutational status. More recently, highly sensitive and
specific rabbit monoclonal antibodies against the 2 most common
mutations were developed for detecting EGFR mutations [ 19-24].

The main purpose of the present study was to explore the use of
the 2 mutation-specific antibodies for DEL and L858R for detecting
EGFR mutations. Additionally, we compared the molecular-based
and the IHC-based EGFR mutational status to the response to EGFR-
TKI.

2. Materials and methods
2.1. Case selection

After obtaining institutional review board approval, the speci-
mens used in the present study were obtained from 577 Japanese
patients who underwent a surgical resection for primary lung ade-
nocarcinoma at the National Cancer Center Hospital, Tokyo, Japan,
between 1993 and 2009. Histological diagnosis was based on the
latest World Health Organization classification of lung tumors [25].

2.2. Analysis of EGFR mutational status by molecular technique

The materials analyzed for the molecular-based mutational sta-
tus were as follows: fresh frozen (in liquid nitrogen), surgically
resected tissue specimens from 505 patients (88%); methanol-
fixed, paraffin-embedded, surgically resected tissue specimens
from 36 patients (6%); and ethanol-fixed, imprint cytologic smears
obtained from the fresh-cut surface of resected tumor specimens
from 36 patients (6%). We used HRMA for detecting the DEL and
L858R mutations, routinely performed at our institution. HRMA is
well validated, and has been previously shown to accurately reflect
EGFR mutational status [15].

2.3. Tissue microarray construction

The representative tumor regions to be sampled for the tis-
sue microarray (TMA), were carefully selected and marked on a
hematoxylin-eosin-stained slide. The TMAs were assembled using
a manual tissue-arraying instrument (Azumaya, Tokyo, Japan).
Considering tumor heterogeneity, 2 replicate 2-mm cores were
routinely sampled from different regions of each tumor.

2.4. Immunohistochemistry

For the immunohistochemical staining, the 4-pwm-thick TMA
sections were deparaffinized. A heat-induced epitope retrieval with
Target Retrieval Solution (Dako, Carpinteria, CA, USA) was per-
formed. The primary antibody used were a rabbit monoclonal
antibody against human EGFR with the DEL (E746-A750del) muta-
tion (1:100, clone 6B6, Cell Signaling Technology, Danvers, MA,
USA) and a rabbit monoclonal antibody against human EGFR with
the L858R mutation (1:200, clone 43B2, Cell Signaling Technology).
The antibodies were diluted in SignalStain (Cell Signaling Tech-
nology), and slides were incubated with each primary antibody
for 1h, at room temperature. The immunoreactions were detected
using the EnVision Plus system (Dako) and 3,3'-diaminobenzidine,
followed by counterstaining with hematoxylin. We used positive
and negative controls for the IHC that previously confirmed the
mutational status by using molecular analyses.

2.5. Immunohistochemical scoring system for mutation-specific
antibodies

The immunoreactivity for each mutation-specific antibody was
evaluated by using light microscopy at magnifications of 4 and
10x with objective lenses. Immunoreactivity was classified on the
basis of cytoplasmic intensity. The following scoring system was
used: negative intensity, 0 (defined as no immunoreactivity with
any intensity); weak intensity, 1 (defined as the immunoreactiv-
ity only observed in 10x objective lenses); moderate intensity, 2
(defined as the immunoreactivity easily detected in 4x objective
lenses, but less intense than the positive control); and strong inten-
sity, 3 (defined as immunoreactivity equal to or stronger than the
positive control; Fig. 1A and B). We also evaluated the extent of
each intensity as a percentage (0-100%). Next, an expression score
was obtained by multiplying the intensity by the percentage values
(range, 0-300) for each core. Finally, the staining scores obtained
in 2 cores were averaged, and the result was used as the repre-
sentative score for each case. In the case of loss of tumor cells in
1 of the 2 cores during IHC, the staining score for the other core
was used. We set the threshold at a staining score of 10; therefore,
a staining score <10 was categorized as negative and a score >10
was categorized as positive. Additionally, we set another threshold
for positive cases, defined as >50% of immunopositive tumor cells
with any intensity.

2.6. Evaluation of the response to EGFR-TKI

Of the 577 patients, 116 received systemic therapy with EGFR-
TKI gefitinib (250 mg daily) after tumor relapse. The therapeutic
effect of gefitinib was complete response (CR) in 3, partial response
(PR) in 61, stable disease (SD) in 13, and progressive disease (PD)
in 37. Two patients were not evaluable for the clinical response
due to the withdrawal of gefitinib caused by drug-induced liver
dysfunction. The clinical response to gefitinib was determined
using standard bidimensional measurements {26]. Responders
were defined as patients with CR or PR, and non-responders were
defined as patients with SD or PD.
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Fig. 1. A representétive immunohistochemistry staining of intensity 3 for the DEL-
specific antibody (1A, top) and the L858R-specific antibody (1B, bottom). The case
1A/1B harbored the molecular based DEL/L858R status.

2.7. Statistical analyses

Statistical analyses were performed using SPSS 12.0 for Win-
dows (SPSS, Chicago, IL, USA). Chi-square tests for categorical
variables were used and p<0.05 was regarded as statistically sig-
nificant.

3. Results
3.1. Clinicopathologic parameters

There were 319 males and 258 females with median age at
surgery being 60 years (range, 30-82). A total of 343 patients had
never/light smoking status with Brinkman index of <400, and 234
patients had smoking status with Brinkman index of >400. The
pathological tumor stage (p-stage) was I in 331, Il in 74, Il in 164,
and IV in 8 cases.

3.2. Molecular-based EGFR mutational status

After analyzing the EGFR mutational status by HRMA, DEL (m-
DEL) was detected in 135 cases (23%), and L858R (m-L858R) was
detected in 172 cases (30%). The remaining 270 cases (47%) were
regarded as wild-type (m-WT), because neither the DEL nor the
L858R mutation was detected.

Table 1A

Usefulness of DEL-specific antibody in detecting EGFR mutation of DEL under the
threshold for the mutation-positive defined as staining score >10 and >50% of
immunopositive tumor cells.

IHC-based EGFR mutation of DEL Molecular-based EGFR

mutation of DEL

Staining score >10 (+) (=)
) 57 2
(=) 78 440

Sensitivity =42.2%; specificity = 99.5%

>50% of immunopositive tumor cells
) (=)
+ 28 0
(=) 107 442
Sensitivity = 20.7%; specificity = 100.0%

EGFR. epidermal growth factor receptor; DEL, deletions in exon 19; IHC, immuno-
histochemistry.

3.3. IHC-based EGFR mutational status

Although the tumor tissues of 52 of the 2308 cores (2.3%) were
lost during the IHC procedure, at least 1 of the 2 cores contained
tumor tissue in all cases. A positive immunoreactivity for the
DEL-specific antibody was observed in 59 cases (10%). A positive
immunoreactivity for the L858R-specific antibody was observed in
139 cases (24%). The remaining 379 cases were regarded as neg-
ative because neither the DEL- nor the L858R-specific antibody
was positive. The immunohistochemical expression using DEL- and
L858R-specific antibodies was mutually exclusive.

3.4. Correlation between the molecular-based and the IHC-based
EGFR mutational status

We compared the molecular-based and IHC-based mutational
status using molecular-based mutational status as the gold stan-
dard. The 59 cases that were positive for the DEL-specific antibody
consisted of 57 cases with m-DEL, and 2 cases with m-WT. The
sensitivity and specificity for the DEL-specific antibody was 42.2%
and 99.5%, respectively (Table 1A). The 139 cases that were pos-
itive for the L858R-specific antibody consisted of 130 cases with
m-L858R, and 9 cases with m-WT. The sensitivity and specificity
for the L858R-~specific antibody was 75.6% and 97.8%, respectively
(Table 1B). Combining the results using these 2 antibodies, the over-
all sensitivity and specificity were 60.9% and 98.7%, respectively.

Table 1B

Usefuiness of L858R-specific antibody in detecting EGFR mutation of L858R under
the threshold for the mutation-positive defined as staining score >10 and >50% of
immunopositive tumor cells.

IHC-based EGFR mutation of L858R Molecular-based EGFR

mutation of L858R

Staining score >10 (+) (=)
(+) 130 9
() 42 396

Sensitivity = 75.6%; specificity = 97.8%

>50% of immunopositive tumor cells

(+) (=)
(+) 83 5
(=) 89 400

Sensitivity =48.3%; specificity = 98.8%

EGFR, epidermal growth factor receptor; L858R, L858R mutation in exon 21; IHC,
immunohistochemistry.
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Table 2
Correlation between the clinicopathologic parameters of 577 patients and the
response to EGFR-TKI.

Table 3

Comparison of the molecular-based and IHC-based EGFR mutational status and the
response to EGFR-TKI.

Responder Non-responder p-Value Responder Non-responder p-Value
(CR+PR, n=64) (SB+PD, n=50) (CR+PR,n=64) (SD+PD.n=50)
Age Molecular-based EGFR mutation
=65 20 18 0.690 ) 59 18 <0.001
<65 44 32 (-) 5 32
Gender IHC-based EGFR mutation
Male 35 27 1.000 Staining score >10 40 15 0.001
Female 29 23 Staining score <10 24 35
Smoking status Immunopositive tumor cells >50% 24 8 0.012
Brinkman index <400 45 33 0.687 Immunopositive tumor cells <50% 40 42
i i > 7 .
Brinkman index 3400 19 1 EGFR, epidermal growth factor receptor; TKI, tyrosine kinase inhibitor; IHC,
p-Stage immunochistochemistry.
1A-11B 26 19 0.848
HIA-IV 38 31

EGFR, epidermal growth factor receptor; TKI, tyrosine kinase inhibitor.

3.5. Correlation between the molecular-based and IHC-based
EGFR mutational status under another threshold

Positive immunoreactive cases for the DEL- or the L858R-
specific antibody exhibited lower sensitivities and higher speci-
ficities when the threshold for the mutation-positive cases was
restricted to >50% of the immunopositive tumor cells with any
intensity. The incidence of positive immunoreactive cases for the
DEL-specific antibody decreased from 59 to 28 cases—all of which
were m-DEL (sensitivity, 20.7%; specificity, 100.0%; Table 1A). The
incidence of positive immunoreactive cases for the LB58R-specific
antibody decreased from 139 to 88 cases, with 83 m-L858R cases
and 5 m-WT cases (sensitivity, 48.3%; specificity, 98.8%; Table 1B).

3.6. Comparison of the molecular-based and IHC-based EGFR
mutational status and the response to EGFR-TKI

A total of 114 patients were evaluable for the clinical response
to EGFR-TKI. They consisted of 38, 39, and 37 patients with tumors
harboring m-DEL, m-L858R, and m-WT, respectively; therefore,
68% of patients harbored the molecular-based EGFR mutations,
and the remaining 32% harbored wild-type EGFR. The correlation
between the conventional clinicopathologic parameters and the
response to EGFR-TKI is shown in Table 2. In the present study,
none of these parameters were significantly correlated with the
response to EGFR-TKI.

Among the 77 patients harboring the molecular-based EGFR
mutations, 59 (77%) were responders. In contrast, among the 37
patients without molecular-based EGFR mutations, only 5 (14%)
were responders. Among the 55 patients with the IHC-based EGFR
mutations, 40 (73%) were responders. In contrast, among the 59
cases without IHC-based EGFR mutations, 24 (41%) were respon-
ders (Table 3). Both the molecular- and IHC-based mutational
statuses were significantly correlated with the response to EGFR-
TKI (p<0.001 and p=0.001, respectively). We analyzed another
threshold of the mutation-specific antibodies, defined as mutation-
positive in >50% of the immunopositive tumor cells with any
intensity. However, this threshold resulted in a slightly weaker cor-
relation between the IHC-based mutational status and the response
to EGFR-TKI (p=0.012, Table 3).

3.7. Multivariate analysis of the response to EGFR-TKI

A multivariate analysis of the response to EGFR-TKI with 2
variables (molecular-based mutational status and IHC-based muta-
tional status), which showed a significant correlation by univariate
analysis, was performed; only the molecular-based mutational sta-

tus was significantly correlated with the response to EGFR-TKI
(p<0.001). The IHC-based mutational status (p=0.211) was not
significantly correlated (Table 4).

4. Discussion

In the present study, we investigated the clinical usefulness of
IHC using 2 rabbit monoclonal antibodies against specific mutant
EGFRs in lung adenocarcinomas. We found that the IHC-based EGFR
mutational status detected by these antibodies was significantly
correlated with the molecular-based EGFR mutational status. Fur-
thermore, the IHC-based mutational status showed a significant
correlation with the clinical response of tumors in conjunction with
EGFR-TKI therapy.

The overall specificity of the 2 mutation-specific antibodies was
99%, and this specificity was consistent with that reported pre-
viously [19-24]. There were 11 cases in which the results of IHC
examination were positive and those of molecular testing were
negative. These false-positive cases might harbor other types of
mutations that induce conformational changes in the EGFR pro-
tein, similar to DEL and L858R [24]. Since none of these 11 patients
received EGFR-TKI therapy, the clinical significance of these muta-
tions was not analyzed in the present study.

Despite the significant correlation between clinical response
and immunoreactivity, the overall sensitivity of the 2 mutation-
specific antibodies was 61%. This sensitivity was the lowest
compared to values previously reported by others, which ranged
from 78% t0 92%{19,21-23]. One possible reason for the lower sen-
sitivity in the present study was the methodological difference in
the analysis of the molecular-based EGFR mutational status. HRMA,
which was used for the molecular EGFR mutation analysis in the
present study, was more sensitive than direct sequencing. HRMA
has been shown to be a highly sensitive method for detecting DEL
and L858R in prospective studies, and the detection sensitivity of
this assay was reported to be 0.1-10%[15,27,28]. Conversely, the
direct sequencing used in previous reports [19,21-23] required
the presence of at least 20-25% EGFR-mutant cells to detect the
DEL and L858R mutations. In the other 2 reports that validated
the mutation-specific antibodies by correlating them with the
EGFR mutational status by using highly sensitive molecular assays
(mass spectrometry-based DNA analysis, cycleave PCR, and frag-

Table 4
Multivariate analysis of the response to EGFR-TKI.
Odds ratio 95% Cl p-Value
Molecular based mutation 40.533 8.691-189.035 <0.001
IHC based mutation 0.421 0.109-1.632 0.211

EGFR, epidermal growth factor receptor; TKI, tyrosine kinase inhibitor; CI, confi-
dence interval; IHC, immunohistochemistry.
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ment analysis), the reported sensitivities of IHC-based mutations
were lower and partially similar to ours. Brevet et al. have reported
that the sensitivity of the DEL-specific antibody was 67%, and that
of the L858R-specific antibody was 76%, with the threshold for pos-
itive cases defined as moderate staining [20}; Kitamura et al. have
reported that the overall sensitivity of these 2 mutation-specific
antibodies was 47%, with almost the same threshold for positive
cases as our staining score of 10 [24]. Although highly sensitive
methods sometimes elicit false positive results, we showed that the
response rate to EGFR-TKI in patients with lung tumors harboring
HRMA-detected EGFR mutations was 77%, and this was consistent
with 2 previous reports (82% and 83%) [12,29]. Therefore, HRMA
was not likely to have overestimated the EGFR mutations.

Most of the extracted DNA in the present study was isolated
from fresh frozen tissues or ethanol-fixed imprint cytologic smears,
whereas in other reports concerning mutation-specific antibod-
ies, DNA extracted from formalin-fixed, paraffin-embedded tissues
was used for molecular EGFR mutation analysis [ 19-22]. Formalin-
fixed tissues exhibit non-reproducible sequence alterations more
frequently than DNA isolated from frozen tissues. This is because
formalin can cross-link cytosine nucleotides on either strand {30].
However, ethanol causes very little chemical change, and therefore
preserves nucleic acids better than formalin {30]. Taken together,
these data suggest that using a highly sensitive molecular assay
and high-quality DNA can reduce false-negative cases. Therefore,
the sensitivity of the 2 novel mutation-specific antibodies used in
the present study, was decreased.

Another possibility was that the immunopositive tumor cells
for the mutation-specific antibodies were not diffusely distributed.
When the threshold for mutation-positive was set as >50% of
immunopositive tumor cells, the positive cases for the DEL- and
L858R-specific antibodies decreased from 59 to 28 cases (47%), and
from 139 to 88 cases (63%), respectively. From these decreased
rates, the immunopositive tumor cells for DEL were distributed
more sparsely and/or focally than those for L858R. These findings,
detected by IHC analysis, suggested the presence of heterogeneity
in the EGFR-mutant cells. Other molecular methods for detecting
EGFR mutations also revealed the heterogeneous distribution of
EGFR mutant cells [31-33].

In the present study, the predictors of the EGFR-TKI response
were molecular-based (HRMA) EGFR mutations (p<0.001), and
IHC-based EGFR mutations (p=0.001). Two novel mutation-specific
antibodies served as the predictors of EGFR-TKI response in the
univariate analysis. However, the multivariate analysis revealed
that only molecular-based EGFR mutations were significantly cor-
related with the response to EGFR-TKI. Among 6 previous reports
on mutation-specific antibodies, 3 analyzed the correlation of IHC-
based EGFR mutational status with the response to EGFR-TKI, and
a significant correlation was found in 2 of these studies [21,24].
The sensitivity and specificity of IHC-based EGFR mutations to
the EGFR-TKI response calculated in this study were 63% and
70%, respectively. In 2 previous reports, IHC-based EGFR mutations
showed a sensitivity ranging from 59% to 89% and a specificity
ranging from 73% to 96% to the EGFR-TKI response. The last report
showed aninsignificant correlation between these parameters [22].
The role of IHC in predicting response to EGFR-TKI remains contro-
versial [34]. It is necessary to prospectively study a larger number
of cases to determine the usefulness of IHC for the response to
EGFR-TKI.

The amount of immunopositive tumor cells did not affect
the EGFR-TKI response in the present study. The threshold for
mutation-positive, defined as >50% of immunopositive tumor cells,
was less significantly correlated with the clinical response to EGFR-
TKI than when using judgments by the expression score of 10
(p=0.012). Further discussion regarding whether the percentage
of immunopositive tumor cells is correlated with the response to

EGFR-TKI, is necessary. The present results showed, for the first
time, that the presence of diffusely immunopositive cells does not
necessarily predict a response to EGFR-TKI therapy. Therefore, in
clinical practice, a threshold for mutation-positive of expression
score of 10 should be adopted.

Although the mutation-specific antibodies are not superior
to the highly sensitive molecular techniques in detecting EGFR
mutations, they have some potential advantages. Their excellent
specificities [19~24] will serve as the first screening for EGFR muta-
tional status, including the human epidermal growth factor 2 status
for breast carcinoma [35,36]. In clinical settings, the first screening
of IHC enables the omission of molecular EGFR mutational analy-
sis in IHC-positive cases. IHC saves time, is cost-effective, and can
be performed in most pathology laboratories. Another advantage
of IHC over molecular techniques is that it can distinguish between
tumor morphology and mutation-bearing cells by light microscopy.

In summary, the mutation-specific antibodies exhibited
extremely high specificities, but did not show high sensitivities
compared to the highly sensitive molecular method. In clinical
practice, IHC using these 2 antibodies is a cost-effective and simple
method for detecting EGFR mutations in most pathology laborato-
ries, and can quickly evaluate patients for EGFR-TKI therapy.
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