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A B S T R A C T

Purpose
Gastric cancer cell lines, particularly those with low levels of ataxia telangiectasia mutated (ATM),
a key activator of DNA damage response, are sensitive to the poly (ADP-ribose) polymerase
inhibitor olaparib. We compared the efficacy of olaparib plus paclitaxel (olaparib/paclitaxel) with
paclitaxel alone in patients with recurrent or metastatic gastric cancer and assessed whether low
ATM expression is predictive of improved clinical outcome for olaparib/paclitaxel.

Patients and Methods
In this phase II, double-blind study (Study 39; NCT01063517), patients were randomly assigned to
oral olaparib 100 mg twice per day (tablets) plus paclitaxel (80 mg/m2 per day intravenously on days
1, 8, and 15 of every 28-day cycle) or placebo plus paclitaxel (placebo/paclitaxel), followed by
maintenance monotherapy with olaparib (200 mg twice per day) or placebo. The study population
was enriched to 50% for patients with low or undetectable ATM levels (ATMlow). Primary end
point was progression-free survival (PFS).

Results
One hundred twenty-three of 124 randomly assigned patients received treatment (olaparib/
paclitaxel, n � 61; placebo/paclitaxel, n � 62). The screening prevalence of ATMlow patients was
14%. Olaparib/paclitaxel did not lead to a significant improvement in PFS versus placebo/paclitaxel
(overall population: hazard ratio [HR], 0.80; median PFS, 3.91 v 3.55 months, respectively; ATMlow

population: HR, 0.74; median PFS, 5.29 v 3.68 months, respectively). However, olaparib/paclitaxel
significantly improved overall survival (OS) versus placebo/paclitaxel in both the overall
population (HR, 0.56; 80% CI, 0.41 to 0.75; P � .005; median OS, 13.1 v 8.3 months,
respectively) and the ATMlow population (HR, 0.35; 80% CI, 0.22 to 0.56; P � .002; median OS,
not reached v 8.2 months, respectively). Olaparib/paclitaxel was generally well tolerated, with
no unexpected safety findings.

Conclusion
Olaparib/paclitaxel is active in the treatment of patients with metastatic gastric cancer, with a
greater OS benefit in ATMlow patients. A phase III trial in this setting is under way.

J Clin Oncol 33. © 2015 by American Society of Clinical Oncology

INTRODUCTION

Gastric cancer is the third most common cause of
cancer deaths worldwide.1 Five-year survival rate for
patients with recurrent/metastatic gastric cancer is
less than 20%, with limited treatment options for
those who experience progression after fluoropy-
rimidine and platinum–based combination chemo-

therapies (the current first-line therapy).2 Paclitaxel
is active after first-line failure and has become a
widely used second-line therapy3; paclitaxel alone
often fails to provide adequate efficacy, with re-
ported response rates of 16% to 21% and median
overall survival (OS) of 7.4 to 9.5 months.3-5 Adding
targeted agents to second-line paclitaxel may
improve clinical benefit.
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The oral poly (ADP-ribose) polymerase (PARP) inhibitor olapa-
rib (Lynparza; AstraZeneca, London, United Kingdom) traps inacti-
vated PARP onto single-strand DNA breaks, preventing repair and
generating a potential DNA replication block, leading to double-
strand DNA breaks.6,7 Olaparib is being developed to target tumors
with deficiencies in double-strand DNA break repair, such as homo-
logous recombination repair deficiencies, including those caused by
BRCA1/2 mutations.8-10 Consistent with this, olaparib (capsule for-
mulation) has demonstrated significant clinical benefit in patients
with BRCA-mutated tumors (28% to 41% at the approved dose of 400
mg twice per day) and is generally well tolerated.11-15

Many gastric cancer cell lines are sensitive to olaparib; this seems
less well correlated with sensitivity to platinum agents, suggesting that
sensitivity markers may differ from those in ovarian cancer.16 The
prevalence of BRCA mutations in gastric cancer is low. In a gene
expression association study, using cell lines from multiple tumor
types, low ataxia telangiectasia mutated (ATM) levels were associated
with olaparib sensitivity; subsequently, ATM deficiency has been as-
sociated specifically with olaparib sensitivity in mantle-cell lymphoma
and gastric cancer cell lines.16-19 ATM plays an essential role in the
cellular DNA damage response necessary to maintain genome
stability.20-22 Clinically, low ATM expression has been associated with
microsatellite mutations in the ATM gene and with shorter survival in
patients with gastric cancer who had undergone curative resection
versus patients with high ATM expression levels.23 A new ATM im-
munohistochemistry (IHC) test demonstrates that approximately
13% to 22% of tumors from patients with gastric cancer may have low
or undetectable ATM expression (ATMlow).24

In patients with gastric cancer, treatment with taxane-platinum
combinations has shown improved efficacy versus taxane alone.25

There are parallels between olaparib and platinum sensitivity; for
instance, homologous recombination repair–deficient tumors show
increased sensitivity to both platinum-based chemotherapy and ola-
parib. Olaparib plus paclitaxel (olararib/paclitaxel) has previously
demonstrated antitumor activity in patients with breast cancer; in a
phase I trial, the response rate was greater than reported previously
with olaparib or paclitaxel alone, suggesting an additive effect.13,26,27

Our study investigated efficacy and safety of olaparib/paclitaxel
versus paclitaxel alone in patients receiving second-line treatment for
recurrent or metastatic gastric cancer. ATM expression was assessed as
a predictor of improved response to olaparib/paclitaxel.

PATIENTS AND METHODS

Patients

Eligible patients were age � 18 years and had recurrent or metastatic
gastric adenocarcinoma that had progressed after first-line chemotherapy;
� one lesion (measurable and/or nonmeasurable) assessed accurately by
imaging; confirmed ATM status from an archival tumor sample collected and
analyzed during screening; Eastern Cooperative Oncology Group perfor-
mance status � 2; and normal hepatic, renal, and bone marrow function. This
trial population was enriched for ATMlow patients; 50% of the overall popu-
lation was ATMlow. ATM expression was determined by IHC analysis of a
freshly cut single section from a formalin-fixed, paraffin-embedded archival
biopsy or resection tumor sample, collected from the primary tumor or
metastases after the original diagnosis and stored at room temperature. IHC
methods followed those described in an interlaboratory concordance study.24

Patients provided written informed consent.

Study Design

In the initial combination phase of this prospective, randomized,
double-blind, multicenter phase II study (Study 39; NCT01063517), patients
received olaparib (100 mg twice per day, continuous; tablet formulation) or
matching placebo, in combination with paclitaxel (80 mg/m2 per day intrave-
nously on days 1, 8, and 15) in 4-week treatment cycles. Patients were expected
to receive six to 10 paclitaxel treatment cycles. After completing paclitaxel
treatment, patients entered the maintenance therapy phase, where they re-
ceived olaparib (200 mg twice per day) or placebo monotherapy until objective
progression or provided that they were benefiting from treatment and did not
meet discontinuation criteria. Management of toxicities by olaparib and/or
paclitaxel dose modifications (reductions and/or interruptions [delays]) is
described in the Data Supplement. The trial protocol was reviewed and ap-
proved by the institutional review boards of the participating institutions. The
study was performed in accordance with the Declaration of Helsinki, Good
Clinical Practice, and the AstraZeneca Policy on Bioethics.28

Random Assignment and Masking

Before starting the combination phase, patients were randomly
assigned 1:1 to receive olaparib/paclitaxel or placebo plus paclitaxel (pla-
cebo/paclitaxel). The random assignment scheme was produced by com-
puter software program (GRand; AstraZeneca Global Randomization
system) that generated random numbers. Blocked random assignment was
generated, with all centers using the same list to minimize imbalances in
numbers of patients assigned to each arm. Random assignment was strat-
ified by ATM status according to a prespecified threshold from an inter-
laboratory concordance study,24 ensuring that the proportion of ATMlow

patients in each arm was 50%.

Study End Points and Assessments

The primary end point was investigator-assessed progression-free
survival (PFS), defined as time to objective disease progression determined by
RECIST version 1.1 or death; PFS was analyzed in the overall patient popula-
tion (enriched for patients with ATMlow status) and the ATMlow population.
Secondary end points were OS, objective response rate (ORR), percent change
in tumor size at week 8 (all assessed in the overall and ATMlow populations; see
Data Supplement for change in tumor size results), and safety/tolerability.

Tumor assessment was performed at screening, every 8 weeks until week
40, and every 16 weeks thereafter, until objective disease progression as deter-
mined by the investigator. RECIST assessments were performed using com-
puted tomography and magnetic resonance imaging scans of the chest,
abdomen, and pelvis. Patients who had discontinued all study treatment and
showed disease progression were observed for survival at 8-week intervals.
Duration of follow-up was defined as the number of days from the time of
random assignment to the date of death or data cutoff (May 11, 2012) in the
absence of death for censored patients. Adverse events (AEs) and laboratory
parameters were recorded throughout the trial and graded according to the
National Cancer Institute Common Terminology Criteria for Adverse Events
version 3.0.

Statistical Analysis

This trial was sized using one-sided 10% significance levels; an outcome
of P � .1 (one-sided) for either the overall population or the ATMlow popula-
tion would be regarded as promising (but not definitive). The study aimed to
randomly assign 120 patients, of whom 60 were to be ATMlow. At the time of
study design, the screening prevalence for ATMlow tumor samples was antici-
pated to be 20% to 25%; therefore, once 60 ATM-positive patients had been
enrolled, recruitment would be restricted to ATMlow patients only. PFS anal-
ysis was to be performed after approximately 99 progression events (approxi-
mately 50 events in the ATMlow group) and was calculated to have
approximately 80% power to detect a true hazard ratio (HR) of 0.65 in the
overall population (0.55 in the ATMlow population), based on a one-sided
10% significance level.

Efficacy was analyzed on an intent-to-treat basis in all randomly assigned
patients (full analysis set), except ORR and change in tumor size, which were
analyzed using an evaluable-for-response population that excluded patients
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with nonmeasurable disease at baseline. The safety analysis set included all
patients who received treatment with olaparib or placebo.

Cox proportional hazards regression models adjusted for ATM status
(overall population only) and gastrectomy status (total, partial, or none), as
prespecified in the protocol, were used to estimate PFS and OS HRs. A sup-
portive PFS analysis was performed in which a weighted estimate of the overall
HR was calculated using estimated HRs from ATMlow and ATM-positive
populations, based on the prevalence of ATMlow patients at screening. In
addition, a PFS subgroup analysis was performed by ATM and gastrectomy
status, as described in the protocol. ORR was analyzed for both populations
using a logistic regression model that included terms for the same covariates
analyzed for PFS. Change in tumor size was assessed using an analysis of
covariance that also included the covariates from the PFS analysis plus baseline
tumor size and interaction between ATM and treatment.

RESULTS

Patients

From February 2010 to May 2012, 266 patients were enrolled at
13 sites in Korea (Fig 1). The screening prevalence of patients with
ATMlow tumor samples was 14%. At data cutoff (May 11, 2012), six
patients were ongoing and receiving olaparib/paclitaxel (n � 3),
maintenance olaparib (n � 1), placebo/paclitaxel (n � 1), and main-
tenance placebo (n � 1).

Demographics and baseline characteristics were generally well
balanced between the two treatment groups (Table 1). In both arms,

approximately 90% of patients had previously received platinum plus
fluoropyrimidine. The demographic characteristics of the ATMlow

and overall populations were similar. The full intent-to-treat analysis
set included all 124 patients, with the safety analysis set comprising the
123 patients who received treatment. The evaluable-for-response
analysis set included 100 patients (olaparib/paclitaxel, n � 53; place-
bo/paclitaxel, n � 47).

Efficacy

PFS. In both the overall and ATMlow populations, olaparib/
paclitaxel did not lead to a statistically significant improvement in PFS
compared with placebo/paclitaxel, although PFS was numerically in
favor of olaparib (overall population: HR, 0.80; 80% CI, 0.62 to
1.03; one-sided P � .131; median PFS, 3.91 v 3.55 months, respec-
tively; ATMlow: HR, 0.74; 80% CI, 0.51 to 1.08; one-sided P � .157;
median PFS, 5.29 v 3.68 months, respectively; Figs 2A and 2B). A
weighted analysis of PFS in the overall population (HR, 0.87; 80%
CI, 0.64 to 1.17) was consistent with the primary analysis. For PFS
subgroup analyses, the global interaction test was not statistically
significant (P � .254), suggesting that there was no evidence of
significant interactions between treatment and the covariates. A
trend toward greater PFS treatment benefit was observed for
patients with total or partial gastrectomy compared with no gas-
trectomy (Appendix Fig A1, online only).

Enrolled
(N = 266)

Random assignment was stratified by ATM
status (ATMlow or ATM positive) by

prespecified criteria18*

Randomly assigned 1:1 (n = 124)

Not randomly assigned
   Eligibility criteria not met
   Death
   Patient decision

Randomly assigned to olaparib 100 mg 
twice per day + paclitaxel 80 mg/m2

Did not receive olaparib and paclitaxel

(n = 61)

(n = 1)

Continued receiving olaparib at data cutoff
Discontinued olaparib by data cutoff
   Adverse event
   Disease progression
   Maximum chemotherapy cycle reached
   Other
   Patient decision
   Patient lost to follow-up

(n = 4)
(n = 57)
  (n = 6)
(n = 39)
(n = 3)
(n = 2)
(n = 6)
(n = 1)

Entered maintenance phase (n = 11)

Randomly assigned to placebo 100 mg 
twice per day + paclitaxel 80 mg/m2

Did not receive placebo and paclitaxel

(n = 62)

(n = 0)

Continued receiving placebo at data cutoff
Discontinued placebo by data cutoff
   Adverse event
   Disease progression
   Maximum chemotherapy cycle reached
   Other
   Patient decision
   Patient lost to follow-up

(n = 2)
(n = 60)
  (n = 9)
(n = 43)
(n = 0)
(n = 4)
(n = 4)
(n = 0)

Entered maintenance phase (n = 7)

(n = 142)
 (n = 135)*

(n = 1)
(n = 6)

Fig 1. Trial profile, including enrollment,
random assignment, and follow-up of the
study patient population. (*) Once 60
patients with ataxia telangiectasia
mutated (ATM) –positive tumor samples
had been enrolled, recruitment was lim-
ited to ATMlow patients only. All 266 en-
rolled patients were screened for low or
undetectable ATM expression (ATMlow)
status. The full intent-to-treat analysis set
included all 124 randomly assigned pa-
tients; the safety analysis set included all
123 randomly assigned patients who re-
ceived study treatment. The one randomly
assigned patient in the olaparib/paclitaxel
arm who did not receive treatment was
withdrawn as a result of a protocol devia-
tion before receiving study treatment.
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OS. The median duration of follow-up for the overall popula-
tion was 8.4 months (range, 0.3 to 26.2 months). Olaparib/paclitaxel
led to a statistically significant OS improvement versus placebo/
paclitaxel in the overall population (HR, 0.56; 95% CI, 0.35 to 0.87;
P � .010; 80% CI, 0.41 to 0.75; P � .005; median OS, 13.1 v 8.3
months, respectively; Fig 3A; Appendix Fig A2, online only). Further-
more, olaparib/paclitaxel led to a greater OS benefit versus placebo/
paclitaxel in the ATMlow population (HR, 0.35; 95% CI, 0.17 to 0.71;
P � .003; 80% CI, 0.22 to 0.56; P � .002; median OS, not reached v 8.2
months, respectively; Fig 3B).

Objective response. There were no statistically significant differ-
ences in ORR between the arms in either population (Table 2). In the
overall population, the median duration of response was 5.64 months

in the olaparib/paclitaxel arm versus 3.63 months in the placebo/
paclitaxel arm. A greater proportion of patients had progressive dis-
ease in the placebo/paclitaxel arm than the olaparib/paclitaxel arm.

Treatment Exposure

The majority of patients received � four treatment cycles (olapa-
rib/paclitaxel: n � 41 [67.2%]; placebo/paclitaxel: n � 32 [51.6%]),
with approximately one third of patients (34.4% in olaparib/paclitaxel
arm and 27.4% in placebo/paclitaxel arm) receiving � six cycles and
approximately 10% of patients (11.5% in olaparib/paclitaxel arm and
11.3% in placebo/paclitaxel arm) receiving � nine cycles. During the
combination phase, the median actual durations of treatment were
11.7 and 9.1 weeks for the olaparib/paclitaxel and placebo/paclitaxel
arms, respectively. In the combination phase, the median dose-
intensities of olaparib and placebo were 100% in the respective arms,
but median paclitaxel dose-intensity was higher in the placebo arm
(92%) than the olaparib arm (82%). The median duration of mainte-
nance treatment was longer for olaparib/paclitaxel than placebo/pac-
litaxel (11.7 v 4.1 weeks, respectively). The proportion of patients
receiving postprogression chemotherapy and the type of chemother-
apy received were similar in both arms (olaparib/paclitaxel: 48.4%;
placebo/paclitaxel: 43.5%; Appendix Table A1, online only).

Table 1. Patient Demographics and Baseline Characteristics
(full analysis set)

Characteristic

No. of Patients (%)

Olaparib/
Paclitaxel
(n � 62)

Placebo/
Paclitaxel
(n � 62)

Median age (range), years 63.0 (31–77) 60.5 (25–79)
Sex

Female 13 (21.0) 18 (29.0)
Male 49 (79.0) 44 (71.0)

ECOG status
0 32 (51.6) 28 (45.2)
1 30 (48.4) 32 (51.6)
2 0 2 (3.2)

Histology type
Adenocarcinoma 54 (87.1) 54 (87.1)
Adenocarcinoma with signet ring

cell carcinoma 8 (12.9) 8 (12.9)
Sites of local and metastatic disease�

Lymph nodes 48 (77.4) 46 (74.2)
Peritoneum 26 (41.9) 27 (43.5)
Liver 19 (30.6) 24 (38.7)
GI 15 (24.2) 16 (25.8)

Prior gastrectomy
Total 8 (12.9) 15 (24.2)
Partial 22 (35.5) 15 (24.2)
None 32 (51.6) 32 (51.6)

Prior chemotherapies†
Cisplatin 26 (41.9) 39 (62.9)
Oxaliplatin 30 (48.4) 20 (32.3)
Fluorouracil 24 (38.7) 23 (37.1)
Capecitabine 23 (37.1) 22 (35.5)
Tegafur, gimeracil, and oteracil 21 (33.9) 23 (37.1)
Folinic acid 17 (27.4) 14 (22.6)

ATM expression‡
Low§ 31 (50.0) 32 (51.6)
Positive 31 (50.0) 30 (48.4)

Abbreviations: ATM, ataxia telangiectasia mutated; ECOG, Eastern Cooper-
ative Oncology Group.

�All disease sites affecting � 25% of the overall patient population are
listed; patients may have multiple disease sites and thus may be listed in
multiple categories
†All prior chemotherapies received by � 25% of the overall patient popula-

tion are listed; patients may have received multiple chemotherapies in
combination and thus may be listed in multiple categories. In addition,
before baseline, 16 patients (12.9%) had received adjuvant therapy followed
by first-line therapy.
‡ATM status was defined according to prespecified criteria.24

§Low or undetectable protein levels by immunohistochemistry.
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62
62

Olaparib/paclitaxel
Placebo/paclitaxel

No. at risk
46
36

14
13

10
7

4
2

2
1

2
1

2
0

0
0

Placebo/paclitaxel

56:62 (90.3)
3.55

54:62 (87.1)
3.91

Events:Total pts (%)
Median PFS, months
Cox PH model* HR = 0.80

80% CI (0.62 to 1.03); P = .131, 1 sided

Olaparib/paclitaxel

Placebo/paclitaxel
Olaparib/paclitaxel

Time Since Random Assignment (months)
0 3 6 9 12 15 18 21 24

31
32

Olaparib/paclitaxel
Placebo/paclitaxel

No. at risk
27
19

7
6

4
2

1
0

1
0

1
0

1
0

0
0

27:32 (84.4)
3.68

27:31 (87.1)
5.29

Placebo/PaclitaxelOlaparib/Paclitaxel

Placebo/PaclitaxelOlaparib/Paclitaxel
Events:Total pts (%)
Median PFS, months
Cox PH model* HR = 0.74

80% CI (0.51 to 1.08); P = .157, 1 sided

Fig 2. Progression-free survival (PFS; full analysis set). (A) PFS in overall
patient population (enriched for patients with tumor samples with low or
undetectable ataxia telangiectasia mutated [ATM] expression [ATMlow]). (*)
Model with factors for treatment group, gastrectomy status (total, partial, or
none), and ATM status; hazard ratio (HR) less than 1 favors olaparib/paclitaxel. (B)
PFS in ATMlow population. (*) Model with factors for treatment group and
gastrectomy status (total, partial, or none); HR less than 1 favors olaparib/
paclitaxel. PH, proportional hazards.
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Safety

Table 3 lists the most commonly reported AEs. A similar propor-
tion of patients in both arms reported Common Terminology Criteria
for Adverse Events grade � 3 AEs (olaparib/paclitaxel: n � 46, 75.4%;
placebo/paclitaxel: n � 46, 74.2%). A higher proportion of patients

reported serious AEs (SAEs) in the placebo/paclitaxel arm (n � 23,
37.1%) than the olaparib/paclitaxel arm (n � 17, 27.9%); pneumonia
was the most common SAE (olaparib/paclitaxel: n�3, 4.9%; placebo/
paclitaxel: n � 6, 9.7%).

No SAEs were considered causally related to olaparib, whereas 19
patients had SAEs considered related to paclitaxel (olaparib/paclitaxel:
n � 7, 11.5%; placebo/paclitaxel: n � 12, 19.4%). There were no
drug-related deaths during the study, but six patients discontinued
study treatment as a result of AEs (olaparib/paclitaxel: n � 1, periph-
eral neuropathy; placebo/paclitaxel: n � 1 each, cerebral infarction,
pneumonia, hepatotoxicity, herpes zoster, pneumonitis). AEs leading
to dose modification occurred in 46 patients (75.4%) receiving olapa-
rib/paclitaxel and 42 patients (67.7%) receiving placebo/paclitaxel,
with neutropenia the most frequent AE leading to dose modification
(olaparib/paclitaxel: n � 33, 54.1%; placebo/paclitaxel: n � 23,
37.1%). AEs leading to dose reduction were more common in the
olaparib/paclitaxel arm than the placebo/paclitaxel arm (n � 25
[41%] v n � 10 [16.1%], respectively); neutropenia (n � 19 [31.1%] v
n � 9 [14.5%], respectively) was the only AE leading to dose
reduction reported by more than one patient in either arm. No
changes of significant clinical impact in any clinical chemistry
parameter were reported.

DISCUSSION

In this randomized phase II study in patients with recurrent/meta-
static gastric cancer, it was hypothesized that all patients would benefit
from olaparib and that patients with DNA repair–deficient tumors
through loss of ATM expression might receive greater benefit. Our
results showed a statistically significant and clinically meaningful OS
improvement for olaparib/paclitaxel compared with paclitaxel alone.
A greater OS benefit was observed in patients with ATMlow tumors
than in the overall population (enriched for ATMlow patients), sug-
gesting that ATM status may be predictive of improved outcome to
olaparib/paclitaxel. Compared with paclitaxel alone, olaparib/pacli-
taxel did not lead to a statistically significant improvement in the
primary end point of PFS in either the overall or ATMlow population,
but PFS favored olaparib numerically in both populations, particu-
larly the ATMlow population (HR., 0.74; median PFS, 5.29 v 3.68

Table 2. Best Objective Response (evaluable-for-response analysis set)

Best Response

No. of Patients (%)

Overall Population ATMlow Population

Olaparib/Paclitaxel (n � 53) Placebo/Paclitaxel (n � 47) Olaparib/Paclitaxel (n � 26) Placebo/Paclitaxel (n � 23)

ORR� 14 (26.4) 9 (19.1) 9 (34.6) 6 (26.1)
DCR 38 (71.7) 26 (55.3) 22 (84.6) 15 (65.2)
CR 3 (5.7) 1 (2.1) 2 (7.7) 1 (4.3)
PR 11 (20.8) 8 (17.0) 7 (26.9) 5 (21.7)
SD 24 (45.3) 17 (36.2) 13 (50.0) 9 (39.1)
PD 14 (26.4) 21 (44.7) 4 (15.4) 8 (34.8)
NE 1 (1.9) 0 0 0

Abbreviations: ATMlow, low or undetectable expression of ataxia telangiectasia mutated; CR, complete response; DCR, disease control rate; NE, not evaluable;
ORR, objective response rate; PD, progressive disease; PR, partial response; SD, stable disease.

�The odds ratio (OR) for ORR was 1.65 (80% CI, 0.86 to 3.23; P � .162) in the overall population and 1.76 (80% CI, 0.76 to 4.21; P � .195) in the ATMlow population.
OR greater than 1 favors olaparib.
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Fig 3. Overall survival (OS; full analysis set). (A) OS in overall patient population
(enriched for patients with tumor samples with low or undetectable ataxia
telangiectasia mutated [ATM] expression [ATMlow]). (*) Model with factors for
treatment group, gastrectomy status (total, partial, or none), and ATM status; HR
less than 1 favors olaparib/paclitaxel. (B) OS in ATMlow population. (*) Model with
factors for treatment group and gastrectomy status (total, partial, or none). HR
less than 1 favors olaparib/paclitaxel. Median OS for the olaparib/paclitaxel arm
was not calculated (NC) because of lack of events. PH, proportional hazards.
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months). The observed PFS and OS results with paclitaxel alone are
consistent with phase III studies involving paclitaxel as second-line
chemotherapy for advanced gastric cancer.3,5

The validity of PFS as a surrogate end point for OS in gastric
cancer was evaluated in a recent meta-analysis, which demonstrated
only a modest correlation between PFS and OS treatment effects; this
supports the observed disparity in the current study.29 The difference
between our PFS and OS results probably results from the relatively
small sample size and the exploratory nature of this phase II trial,
which was powered to determine whether olaparib/paclitaxel was
sufficiently active to warrant assessment in a phase III trial. The
sample size was calculated to detect a promising, but not definitive,
benefit. The PFS HRs of 0.80 and 0.74 in the overall and ATMlow

populations, respectively, are considered quite promising for fur-
ther exploration in a phase III trial. Although OS was nominated as
a secondary end point, it is recognized as a gold standard, provid-
ing a direct measure of clinical benefit.30 Overall, our results pro-
vide strong evidence of a treatment effect for olaparib/paclitaxel in
this setting, and the clinical signals justify further investigation of
this combination in a phase III trial.

The nature of PARP inhibition may have contributed to the
apparent exacerbation of the treatment effect with OS compared
with PFS, with preclinical data suggesting that the activity of PARP
inhibitors observed from long-term colony formation assays is
more prominent than from short-term MTT assays. Furthermore,
in a preclinical study in which olaparib and the topoisomerase
inhibitor irinotecan were shown to act synergistically, an anti-
tumor effect was observed even after discontinuation of therapy.31

Because a third of patients in the current trial received an
irinotecan-containing regimen after discontinuation of study
treatment, it is possible that a similar olaparib carryover effect
occurred, causing postprogression synergism with irinotecan.

A randomized and comparative design was adopted for this
phase II study to reduce selection bias and to detect significant treat-

ment differences that would identify an active treatment for further
investigation.32 The study was well conducted, and data were suffi-
ciently mature (88.7% progression events in the overall population) to
allow PFS analysis in accordance with the original objectives. The
study population was enriched to 50% with patients classified as
ATMlow; however, the actual screening prevalence rate (14%) was
lower than expected based on unpublished data (25%). Although
subgroup analyses suggested that the PFS treatment effect of olaparib/
paclitaxel versus paclitaxel alone may be greater in patients with a total
gastrectomy, these results should be interpreted with caution because
of the relatively small number of patients within these subgroups and
because patients with a total or partial gastrectomy were more likely to
be ATMlow compared with the overall population, potentially con-
founding the analysis.

During the current study, Kim et al24 reported that ATM IHC
results were reproducible in different laboratories using the methods
they described. ATM mutations have been linked to olaparib response
in patients with advanced castration-resistant prostate cancer33; the
same ATM antibody has also been used to identify patients with
pancreatic cancer with an ATM deficiency.34

Cytotoxicity induced by PARP inhibitors in DNA repair–
deficient cells has been associated with chromosomal aberrations such
as complex chromatid rearrangements and chromatid breaks8; it is
reasonable to hypothesize that these effects may be enhanced further
by the mitotic stress generated by paclitaxel. Emerging data from
studies investigating the combination of olaparib with paclitaxel in
metastatic triple-negative breast cancer26 and advanced solid tumors35

may provide additional data.
The combination of olaparib with weekly paclitaxel, at doses

selected based on safety data from a previous trial,35 was generally well
tolerated, with no unexpected safety findings. The most common AE
in both arms was neutropenia, which contributed to more dose mod-
ifications in the olaparib/paclitaxel arm than the placebo/paclitaxel
arm, leading to a lower median dose-intensity of paclitaxel in the

Table 3. AEs (any grade) Reported in � 20% of Patients Overall or Grade � 3 AEs Reported in � 5% of Patients Overall, Arranged by MedDRA Preferred Term

AE

No. (%)

Combination Phase Maintenance Phase

Olaparib/Paclitaxel (n � 61) Placebo/Paclitaxel (n � 62) Olaparib/Paclitaxel (n � 11) Placebo/Paclitaxel (n � 7)

Any Grade Grade � 3 Any Grade Grade � 3 Any Grade Grade � 3 Any Grade Grade � 3

Hematologic AEs
Anemia 11 (18) 7 (11) 12 (19) 7 (11) 0 0 2 (29) 1 (14)
Neutropenia� 46 (75) 34 (56) 40 (65) 24 (39) 1 (9) 1 (9) 0 0

Nonhematologic AEs
Alopecia 30 (49) 0 29 (47) 0 0 0 0 0
Decreased appetite 23 (38) 0 26 (42) 0 2 (18) 0 1 (14) 0
Neuropathy peripheral 22 (36) 3 (5) 13 (21) 1 (2) 0 0 0 0
Nausea 20 (33) 0 25 (40) 0 1 (9) 0 1 (14) 0
Asthenia 19 (31) 2 (3) 17 (27) 6 (10) 1 (9) 0 0 0
Diarrhea 19 (31) 2 (3) 17 (27) 1 (2) 2 (18) 0 0 0
Abdominal pain 15 (25) 0 15 (24) 2 (3) 1 (9) 0 1 (14) 0
Fatigue 15 (25) 1 (2) 20 (32) 2 (3) 1 (9) 1 (9) 0 0
Myalgia 10 (16) 0 22 (36) 0 0 0 0 0
Pneumonia 4 (7) 2 (3) 6 (10) 5 (8) 0 0 0 0

Abbreviations: AE, adverse event; –MedDRA, Medical Dictionary for Regulatory Activities.
�In addition to the cases of neutropenia, two patients experienced adverse events of febrile neutropenia. Both events occurred in the olaparib/paclitaxel arm during

the combination phase; one event was grade 3 by Common Terminology Criteria for Adverse Events (the other was grade 2) and led to dose modification.
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olaparib/paclitaxel arm. The higher incidence of neutropenia in the
olaparib/paclitaxel arm was apparent as early as the first treatment
cycle and remained higher throughout the course of treatment. How-
ever, few patients experienced febrile neutropenia or neutropenia that
lasted more than 2 weeks. A higher than expected incidence of neu-
tropenia has previously been reported in a phase I/II multicenter trial
of olaparib plus paclitaxel for first- or second-line treatment of
patients with metastatic triple-negative breast cancer.26 Studies in
which olaparib has been combined with other chemotherapeutic
agents also reported hematologic toxicities.36-38

Although the primary end point of PFS was not achieved in this
study, olaparib plus paclitaxel resulted in a statistically significant and
clinically meaningful OS improvement in patients with recurrent or
metastatic gastric cancer. To our knowledge, this is the first phase II
study to investigate the olaparib tablet formulation being used in
phase III trials. Overall, olaparib 100 mg twice per day plus weekly
paclitaxel 80 mg/m2 was generally well tolerated. Our results suggest
that, in the subset of patients with advanced gastric cancer who have
ATMlow tumors and are enriched for functionally compromised ATM
protein, olaparib plus weekly paclitaxel may be an effective targeted
treatment. Further evaluation of this combination in a phase III trial in
advanced gastric cancer is ongoing (NCT01924533). The relevance of
an ATMlow patient subset in Asia will also be explored because gastric

cancer is particularly common in Asian countries39 and represents an
enormous unmet need.
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■ ■ ■

GLOSSARY TERMS

ATM (ataxia telangiectasia mutated): the protein, en-
coded by the ATM gene; a kinase that coordinates DNA repair by
activating other proteins.

homologous recombination: genetic recombination
whereby nucleotide sequences are exchanged between two similar
or identical strands of DNA to facilitate accurate repair of DNA
double-strand breaks.

maintenance therapy: therapy intended to prolong the
benefit (eg, disease remission) experienced by a patient from a
prior primary treatment (eg, chemotherapy).

overall survival: the duration between random assignment and
death.

poly (ADP-ribose) polymerase (PARP): a family of nuclear
enzymes that facilitate DNA repair via poly (ADP-ribose)ylation of his-
tones and DNA repair enzymes.

progression-free survival: time from random assignment until
death or first documented relapse, categorized as either locoregional
(primary site or regional nodes) failure or distant metastasis or
death.
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Appendix

Table A1. Postprogression Chemotherapy Received by Patients in the Overall Population and in the ATMlow Population

Chemotherapy Post-Treatment Discontinuation�

No. of Patients (%)

Overall Population ATMlow Population

Olaparib/Paclitaxel
(n � 62)

Placebo/Paclitaxel
(n � 62)

Olaparib/Paclitaxel
(n � 31)

Placebo/Paclitaxel
(n � 32)

Fluorouracil 19 (30.6) 22 (35.5) 9 (29.0) 10 (31.3)
Irinotecan 18 (29.0) 21 (33.9) 7 (22.6) 10 (31.3)
Folinic acid 14 (22.6) 16 (25.8) 8 (25.8) 9 (28.1)
Oxaliplatin 5 (8.1) 6 (9.7) 2 (6.5) 3 (9.4)

Abbreviation: ATMlow, low or undetectable expression of ataxia telangiectasia mutated.
�All chemotherapies received by � 5% of the overall patient population or the ATMlow population are listed; patients may have received multiple chemotherapies

in combination and thus may be listed in multiple categories.

HR and 80% CI
-1 -0.5 0 0.5 1 1.5 2 2.5 3 3.5 4

Overall population

ATMlow

ATM positive

No gastrectomy

Total gastrectomy

Partial gastrectomy

O/P = 54 of 62 (87.1%); P/P = 56 of 62 (90.3%) 

O/P = 27 of 31 (87.1%); P/P = 27 of 32 (84.4%) 

O/P = 27 of 31 (87.1%); P/P = 29 of 30 (96.7%) 

O/P = 30 of 32 (93.8%); P/P = 29 of 32 (90.6%) 

O/P = 6 of 8 (75.0%); P/P = 14 of 15 (93.3%) 

O/P = 18 of 22 (81.8%); P/P = 13 of 15 (86.7%) 

Fig A1. Subgroup analysis of progression-free survival (full analysis set). Hazard ratio (HR) � 1 favors olaparib/paclitaxel (O/P). Colored band represents the 80% CI
for the HR for the overall population. Circle size is proportional to the number of events in the group. ATM, ataxia telangiectasia mutated; ATMlow, low or undetectable
ATM expression; P/P, placebo/paclitaxel.
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HR and 80% CI
-1 -0.5 0 0.5 1 1.5 2 2.5 3 3.5 4

Overall population

ATMlow

ATM positive

No gastrectomy

Total gastrectomy

Partial gastrectomy

O/P = 33 of 62 (53.2%); P/P = 48 of 62 (77.4%) 

O/P = 12 of 31 (38.7%); P/P = 23 of 32 (71.9%) 

O/P = 21 of 31 (67.7%); P/P = 25 of 30 (83.3%) 

O/P = 19 of 32 (59.4%); P/P = 26 of 32 (81.3%) 

O/P = 5 of 8 (62.5%); P/P = 11 of 15 (73.3%) 

O/P = 9 of 22 (40.9%); P/P = 11 of 15 (73.3%) 

Fig A2. Subgroup analysis of overall survival (full analysis set). Hazard ratio (HR) � 1 favors olaparib/paclitaxel (O/P). Colored band represents the 80% CI for the HR
for the overall population. Circle size is proportional to the number of events in the group. ATM, ataxia telangiectasia mutated; ATMlow, low or undetectable ATM
expression; P/P, placebo/paclitaxel.
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