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ABSTRACT

Introduction: Increased DNA damage triggered through
poly (ADP-ribose) polymerase inhibition may modify tumor
immunogenicity, sensitizing tumors to immunotherapy.
ORION (NCT03775486) evaluated the combination of olaparib
with durvalumab as maintenance therapy in patients with
metastatic NSCLC.

Methods: ORION is a phase 2, randomized, multicenter,
double-blind, international study. Patients with metastatic
NSCLC (without activating EGFR or ALK aberrations) and
Eastern Cooperative Oncology Group performance status of
0 or 1 were enrolled to receive initial therapy with durva-
lumab (1500 mg intravenously; every 3 wk) plus platinum-
based chemotherapy for four cycles. Patients without
disease progression were then randomized (1:1) to main-
tenance durvalumab (1500 mg; every 4 wk) plus either
olaparib (300 mg orally) or placebo (both twice daily);
randomization was stratified by objective response during
initial therapy and tumor histologic type. The primary end
point was investigator-assessed progression-free survival
(PFS) (Response Evaluation Criteria in Solid Tumors
version 1.1).

Results: Between January 2019 and February 2020, 269 of
401 patients who received initial therapy were randomized.
As of January 11, 2021 (median follow-up: 9.6 mo), median
PFS was 7.2 months (95% confidence interval: 5.3–7.9)
with durvalumab plus olaparib versus 5.3 months (3.7–5.8)
with durvalumab plus placebo (hazard ratio ¼ 0.76, 95%
confidence interval: 0.57–1.02, p ¼ 0.074). Safety findings
were consistent with the known profiles of durvalumab and
olaparib. Anemia was the most common adverse event (AE)
with durvalumab plus olaparib (26.1% versus 8.2% with
durvalumab plus placebo). The incidence of grade 3 or 4
AEs (34.3% versus 17.9%) and AEs leading to treatment
discontinuation (10.4% versus 4.5%) was numerically
higher with durvalumab plus olaparib versus durvalumab
plus placebo.

Conclusions: Maintenance therapy with durvalumab in
combination with olaparib was not associated with a sta-
tistically significant improvement in PFS versus durvalumab
alone, although numerical improvement was observed.

� 2023 International Association for the Study of Lung
Cancer. Published by Elsevier Inc. This is an open access
article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).

Keywords: Durvalumab; Immunotherapy; NSCLC; Olaparib;
PARP inhibition
Introduction
Immunotherapies targeting the programmed cell

death (ligand)-1 (PD-[L]1) signaling pathway have
transformed the treatment of patients with metastatic
NSCLC (mNSCLC).1 Several PD-(L)1 inhibitors were
found to have survival benefits in this setting, both alone
and in combination with chemotherapy.1–4 On the basis
of these findings, immunotherapy-based regimens have
become the standard of care (SoC) for first-line treat-
ment of patients with mNSCLC and no oncogenic driver
alterations.1,5–7 Nevertheless, median progression-free
survival (PFS) typically remains less than 1 year in
clinical studies, with reported 3-year survival rates in
the region of 20% to 44%.1,8–14

New treatment combinations could yield additional
efficacy benefits for patients with mNSCLC, helping to
improve outcomes further. For instance, impairing tumor
DNA repair through poly (ADP-ribose) polymerase
(PARP) inhibition may increase tumor immunogenicity
and sensitize tumors to PD-(L)1 inhibition, possibly pro-
moting a more durable antitumor response than PD-(L)1
inhibition alone.15,16 Preclinical data suggest that olaparib
(a first-generation PARP inhibitor) may potentiate the
efficacy of DNA-damaging chemotherapies, including
platinum-containing agents,17,18 and enhance antitumor
activity when combined with PD-(L)1 inhibition.15,16

The PD-L1 inhibitor durvalumab is approved for pa-
tients with unresectable, stage III NSCLC (as consolida-
tion therapy after platinum-based chemoradiotherapy),
patients with extensive-stage SCLC (in combination with
platinum-based chemotherapy as first-line therapy), and
most recently for patients with mNSCLC (in combination
with tremelimumab and platinum-based chemotherapy
as first-line therapy).19,20 The combination of olaparib
and durvalumab was found to have antitumor responses
in 5% to 63% of patients across various solid tumor
types.21–28 Treatment-related adverse events (TRAEs)
for this combination have been consistent across studies
and indications, with no evidence of an increase in the
frequency or severity of immune-mediated adverse
events (AEs).22–25,28

The ORION study (NCT03775486) evaluated the ef-
ficacy and safety of this combination, versus durvalumab
alone, as maintenance therapy in patients with mNSCLC
and no disease progression after first-line chemo-
immunotherapy (with durvalumab plus SoC platinum-
doublet chemotherapy). Here, we report the primary
analysis of PFS and key secondary end points from
ORION, including exploratory analyses of PFS according
to biomarker status.
Materials and Methods
Patients

ORION was a phase 2, randomized, multicenter,
double-blind, international study comprising an initial
therapy phase followed by a randomized maintenance
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Figure 1. ORION study design. aPermitted platinum-doublet chemotherapy regimens were nab-paclitaxel plus carboplatin or
gemcitabine plus carboplatin or cisplatin for squamous NSCLC and nab-paclitaxel plus carboplatin or pemetrexed plus car-
boplatin or cisplatin for nonsquamous NSCLC; pemetrexed maintenance was not allowed. bPatients received maintenance
therapy until specific discontinuation criteria were met, including PD, unacceptable toxicity, and withdrawal of consent.
cObtained at the last visit before randomization (cycle 4 scan) during the initial therapy phase. dDefined as time from date of
randomization to the date of objective radiological PD according to investigator assessment (RECIST v1.1) or death by any
cause in the absence of PD. 1L, first-line therapy; BID, twice daily; CR, complete response; CT, chemotherapy; D, durva-
lumab; DoR, duration of response; ECOG, Eastern Cooperative Oncology Group; HRRm, homologous recombination repair-
related gene mutation; mNSCLC, metastatic NSCLC; O, olaparib; ORR, objective response rate; OS, overall survival; P,
placebo; PD, progressive disease; PFS, progression-free survival; PK, pharmacokinetics; PR, partial response; PROs, patient-
reported outcomes; PS, performance status; QXW, every X weeks; RECIST, Response Evaluation Criteria in Solid Tumors; SD,
stable disease.

1596 Ahn et al Journal of Thoracic Oncology Vol. 18 No. 11
therapy phase. It was conducted in 65 centers across 12
countries (Belgium, Hungary, India, Japan, Mexico,
Netherlands, Poland, South Korea, Russia, Ukraine, the
United Kingdom, and the United States).

Eligible patients were adults with histologically or
cytologically documented mNSCLC not amenable to
curative surgery or radiation (International Association
for the Study of Lung Cancer Staging Manual in Thoracic
Oncology, eighth edition29) with tumors that lacked
activating EGFR or ALK aberrations. Key inclusion
criteria were as follows: Eastern Cooperative Oncology
Group performance status of 0 or 1; no prior chemo-
therapy or any other systemic therapy for mNSCLC;
adequate organ and bone marrow function without
blood transfusions in the past 28 days; at least one tu-
mor lesion, not previously irradiated, which could be
accurately measured per Response Evaluation Criteria in
Solid Tumors version 1.1 (RECIST v1.1); a formalin-fixed,
paraffin-embedded tumor sample for tissue-based
immunohistochemistry and DNA sequencing to deter-
mine homologous recombination repair-related gene
mutation (HRRm) status and PD-L1 expression, among
others. In addition, the ability to swallow oral medication
and lack of gastrointestinal illnesses precluding absorp-
tion of olaparib were required.

Key exclusion criteria were as follows: mixed SCLC
and sarcomatoid variant NSCLC; prior exposure to any
chemotherapy agents for metastatic disease, PARP
therapy, or immune-mediated therapy; active or prior
documented autoimmune or inflammatory disorders;
any contraindications to platinum-based chemotherapy;
any concurrent chemotherapy, investigational product,
biological, or hormonal therapy for cancer treatment;
current or prior use of immunosuppressive medication
less than or equal to 14 days before the first dose of
investigational product; untreated central nervous sys-
tem metastases or carcinomatous meningitis; and active
infection. Comprehensive eligibility criteria are listed in
the Supplementary Methods.

All patients provided written informed consent to
participate in the study, which was approved by the
relevant ethics committee or institutional review board.
ORION was run in accordance with the International
Conference on Harmonization Good Clinical Practice
guidelines and the Declaration of Helsinki.
Study Design and Treatments
The study design is presented in Figure 1. Patients

were enrolled into an initial therapy phase to receive
first-line durvalumab (1500 mg intravenously [IV];
every 3 wk) plus investigator’s choice of SoC platinum-
doublet chemotherapy for squamous (nab-paclitaxel
plus carboplatin or gemcitabine plus carboplatin or
cisplatin) or nonsquamous NSCLC (nab-paclitaxel plus
carboplatin or pemetrexed plus carboplatin or
cisplatin) for four cycles. Patients who completed all
four cycles of initial therapy and achieved and main-
tained complete response (CR) or partial response
(PR) until the end of the initial therapy phase, or
maintained stable disease throughout this phase, were
randomized (1:1) to receive maintenance therapy with
durvalumab (1500 mg IV; every 4 wk) plus either
olaparib (300 mg) or matching placebo (given orally
twice a day); maintenance pemetrexed was not
permitted because of safety considerations.
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A “maintenance baseline” scan was performed 14 to 28
days after cycle 4 day 1 of the initial therapy phase to
determine eligibility for the maintenance phase. Random-
ization was stratified by tumor histologic type (squamous
versus nonsquamous) and objective response during the
initial therapy phase (CR or PR versus stable disease;
obtained at the last visit before randomization [cycle 4
scan]). Eligible patients were randomized to maintenance
therapy less than or equal to 5 weeks after cycle 4 day 1 of
the initial therapy phase. Patients received maintenance
therapy until specific discontinuation criteria were met,
including progressive disease (PD), unacceptable toxicity,
or withdrawal of consent. All patients were followed for
survival until the end of the study.

End Points and Assessments
All prespecified end points relate to the randomized

maintenance phase of the study. The primary end point
was PFS in the intent-to-treat (ITT) population (i.e., all
patients randomized to the maintenance phase); PFS was
defined as time from randomization to the date of
objective radiological PD according to investigator
assessment (RECIST v1.1), or death by any cause in the
absence of PD. The secondary end points included overall
survival (OS; time from randomization to the date of
death by any cause), objective response rate (ORR;
RECIST v1.1), duration of response (DoR; RECIST v1.1),
PFS in patients with HRRm (RECIST v1.1), and safety and
tolerability (all reported here), including patient-reported
outcomes, pharmacokinetics, and immunogenicity (not
reported). PFS according to PD-L1 expression level was a
prespecified, exploratory end point.

For efficacy assessments, tumor evaluation scans
were performed every 8 weeks up to week 48 and then
every 12 weeks thereafter until objective PD was docu-
mented. For assessments of safety and tolerability, AEs
were graded using Common Terminology Criteria for
Adverse Events version 5.

Provision of a formalin-fixed, paraffin-embedded tumor
sample for biomarker testing was mandatory; tissue
samples could be either newly acquired (preferred) or
archival (<3 y old at screening). HRRm status was
determined at a central reference laboratory using the
FoundationOne CDx tissue-based assay; patients who
did not have a sample that was adequate for the
preplanned tissue-based HRRm testing underwent
exploratory sequencing of circulating tumor DNA using
the GuardantOMNI assay. PD-L1 expression on tumor
cells was determined using the VENTANA PD-L1
(SP263) immunohistochemistry assay.

Statistical Analyses
It was estimated that approximately 350 to 400 pa-

tients needed to be enrolled into the initial therapy
phase for approximately 250 patients whose disease had
not progressed to be eligible for randomization to the
maintenance phase. To provide strong control of the type
I error rate a equals to 5% (two-sided), the testing
procedure for PFS (primary end point) and OS (key
secondary end point) was hierarchical. The primary
analysis was planned for when approximately 163 PFS
events had occurred across both maintenance arms; with
163 events (approximately 65% maturity on the basis of
250 patients being randomized) and an assumed true
hazard ratio (HR) of 0.60, it was estimated that the study
would have 90% power to have a statistically significant
difference at the two-sided 5% significance level. An
interim analysis of OS was planned to correspond with
the timing of the primary analysis of PFS, when it was
anticipated that 109 death events would have occurred
(67% information fraction).

Medians and landmark rates for PFS, OS, and DoR
were estimated using the Kaplan-Meier method. PFS and
OS for the ITT population were analyzed using a log-rank
test adjusted for objective response to durvalumab plus
chemotherapy in the initial therapy phase (CR or PR
versus stable disease) and tumor histologic type (squa-
mous versus nonsquamous) for generation of the p
value. The effect of durvalumab plus olaparib versus
durvalumab plus placebo was estimated by the HR
together with its 95% confidence interval (CI) calculated
from a stratified Cox proportional hazards model. For
analyses of PFS in the subgroups, HRs and 95% CIs were
calculated from Cox proportional hazards models with
treatment as the only covariate. Between-arm compari-
son of the ORR was analyzed using logistic regression
(adjusting for response to initial therapy and tumor
histologic type, the same factors used to adjust the pri-
mary PFS analysis); results were presented in terms of
an OR together with its associated profile likelihood CI.
SAS software version 9.4 was used for all analyses.
Results
Patients and Treatment

A total of 594 patients were enrolled between January
2019 and February 2020, 401 (67.5%) of whom received
durvalumab and chemotherapy during the initial therapy
phase (�1 dose of each medication). Reasons for dis-
continuing durvalumab and chemotherapy during the
initial therapy phase are listed in the Consolidated Stan-
dards of Reporting Trials diagram (Supplementary Fig. 1).
After initial therapy, 269 of 401 patients (67.1%) were
randomized to the maintenance phase; 134 were assigned
to durvalumab plus olaparib and 135 were assigned to
durvalumab plus placebo (Supplementary Fig. 1).

Patients who underwent randomization had a me-
dian age of 65 (range: 24–84) years, 72.5% were male,



Table 1. Baseline Demographics and Disease Characteristics (ITT Population)

Characteristics
Durvalumab Plus
Olaparib (n ¼ 134)

Durvalumab Plus
Placebo (n ¼ 135)

Total
(N ¼ 269)

Median age at study entry,
y (range)

67 (24–84) 64 (30–80) 65 (24–84)

Age category, n (%) <50 y 7 (5.2) 14 (10.4) 21 (7.8)
�50 to <65 y 49 (36.6) 55 (40.7) 104 (38.7)
�65 to <75 y 54 (40.3) 54 (40.0) 108 (40.1)
�75 y 24 (17.9) 12 (8.9) 36 (13.4)

Sex, n (%) Male 98 (73.1) 97 (71.9) 195 (72.5)
Female 36 (26.9) 38 (28.1) 74 (27.5)

Race, n (%)a White 96 (71.6) 89 (65.9) 185 (68.8)
Asian 37 (27.6) 45 (33.3) 82 (30.5)

Smoking status, n (%) Current or former 109 (81.3) 103 (76.3) 212 (78.8)
Never 25 (18.7) 32 (23.7) 57 (21.2)

ECOG PS, n (%)b 0 52 (38.8) 54 (40.0) 106 (39.4)
1 81 (60.4) 80 (59.3) 161 (59.9)
2 1 (0.7) 1 (0.7) 2 (0.7)c

IASLC disease stage at initial
diagnosis, n (%)

I–III 13 (9.7) 13 (9.6) 26 (9.7)

IVA 76 (56.7) 77 (57.0) 153 (56.9)
IVB 45 (33.6) 45 (33.3) 90 (33.5)

Histologic subtype, n (%) Squamous 58 (43.3) 59 (43.7) 117 (43.5)
Nonsquamous 76 (56.7) 76 (56.3) 152 (56.5)

HRRm status, n (%)d Mutant 11 (8.2) 17 (12.6) 28 (10.4)
Wildtype 119 (88.8) 113 (83.7) 232 (86.2)
Unknowne 4 (3.0) 5 (3.7) 9 (3.3)

PD-L1 expression level, n (%) <1% 43 (32.1) 56 (41.5) 99 (36.8)
1%–49% 34 (25.4) 25 (18.5) 59 (21.9)
�50% 24 (17.9) 19 (14.1) 43 (16.0)
Unknowne 33 (24.6) 35 (25.9) 68 (25.3)

Objective tumor response to
initial therapy with
durvalumab plus CT, n (%)f

CR or PR 63 (47.0) 68 (50.4) 131 (48.7)

Stable disease 70 (52.2) 67 (49.6) 137 (50.9)
aTwo patients were Black or African American (one in each arm).
bDetermined at baseline before randomization.
cTwo patients had ECOG PS 2 at baseline (one per arm); both had PS 1 at screening.
dHRRm status summary on the basis of test result data from patients profiled using the FoundationOne CDx tissue-based assay (the preplanned method; n ¼
181) and the GuardantOMNI assay (n ¼ 81); two patients were profiled with both assays. The HRRm subgroup was defined by the presence of functional
mutations in the following genes: BRCA1, BRCA2, ATM, RAD51B, RAD51C, RAD54L, RAD51D, BRIP1, FANCI, FANCL, PALB2, BARD1, CHEK1, CHEK2, and CDK12.
eSample could not be tested due to an inadequate quality sample or insufficient sample being available.
fResponse collected 14 to 28 days after cycle 4 day 1 of the initial therapy phase. Reported per investigator responses on the case report form; no patient had
CR and one (allocated to the durvalumab plus olaparib arm) had PD (reported as a protocol deviation).
CR, complete response; CT, chemotherapy; ECOG, Eastern Cooperative Oncology Group; HRRm, homologous recombination repair-related gene mutation;
IASLC, International Association for the Study of Lung Cancer; ITT, intent-to-treat; PD, progressive disease; PD-L1, programmed death-ligand 1; PR, partial
response; PS, performance status.
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68.8% were White, and 78.8% had a history of
smoking. Most had stage IVA disease (56.9%) and
nonsquamous tumor histologic type (56.5%) at initial
diagnosis (Table 1). Baseline characteristics were
generally well balanced between the two arms; how-
ever, a higher proportion of patients were aged 75
years or above in the durvalumab plus olaparib arm
(17.9%) versus the durvalumab plus placebo arm
(8.9%). Use of palliative radiotherapy (administered
before initial study therapy) was similar between the
durvalumab plus olaparib (6.0%) and durvalumab
plus placebo (6.7%) arms.
At the data cutoff for the final analysis of PFS
(January 11, 2021), 92 patients remained on mainte-
nance therapy (comprising 38.1% and 30.6% of patients
who received durvalumab in the durvalumab plus ola-
parib and durvalumab plus placebo arms, respectively)
and 155 were ongoing in the study (57.5% and 57.8% of
patients randomized to each arm, respectively). The
most common reasons for discontinuing durvalumab
were PD (66 [49.3%] in the durvalumab plus olaparib
arm versus 81 [60.4%] in the durvalumab plus placebo
arm), AEs (9 [6.7%] versus 7 [5.2%], respectively), and
patient decision (7 [5.2%] versus 6 [4.5%], respectively).



a

Figure 2. Investigator-assessed PFS (maintenance phase) in (A) the ITT population and (B) exploratory subgroups. Patients
who did not progress or die, or who progressed or died after two or more missed visits, were censored at the latest evaluable
RECIST assessment, or at day 1 if there were no evaluable visits. aBased on actual values recorded on the case report form as
assessed by the investigator. Excludes one patient allocated to the durvalumab plus placebo arm who had PD at the end of
initial therapy (reported as a protocol deviation). CI, confidence interval; CT, chemotherapy; DþO, durvalumab plus olaparib;
DþP, durvalumab plus placebo; HR, hazard ratio; ITT, intent-to-treat; PD, progressive disease; PFS, progression-free survival;
RECIST, Response Evaluation Criteria in Solid Tumors.
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The most common reasons for discontinuing olaparib or
placebo were PD (59 [46.1%] in the durvalumab plus
olaparib arm versus 76 [59.4%] in the durvalumab plus
placebo arm), AEs (13 [10.2%] versus 5 [3.9%],
respectively), and patient decision (5 [3.9%] versus 5
[3.9%], respectively).

Patients received a median of six cycles of dur-
valumab as maintenance treatment in both the dur-
valumab plus olaparib (range: 1–21 cycles) and
durvalumab plus placebo (range: 1–22 cycles) arms;
the median total duration of maintenance treatment
with durvalumab was 210.5 (range: 28–582) days
and 168.0 (range: 11–615) days in each arm,
respectively. The median total duration of mainte-
nance treatment with olaparib and placebo was
199.0 (range: 1–545) days and 168.5 (range: 15–
615) days, respectively.
Efficacy
Primary End Point. At the data cutoff, 181 of 269
(67.3%) randomized patients had experienced PFS
events, including 84 of 134 patients (62.7%) in the
durvalumab plus olaparib arm and 97 of 135 patients



Figure 3. OS (maintenance phase; ITT population). CI, confidence interval; DþO, durvalumab plus olaparib; DþP, durvalumab
plus placebo; HR, hazard ratio; ITT, intent-to-treat; NE, not estimable; OS, overall survival.
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(71.9%) in the durvalumab plus placebo arm. Sum-
maries of the specific types of PFS events and the inci-
dence of new lesions according to anatomical site are
provided (Supplementary Tables 1 and 2). The median
duration of follow-up in censored patients (from
randomization) was 9.6 (range: 0–18.6) months.
Investigator-assessed PFS (from randomization) was
numerically longer with durvalumab plus olaparib (me-
dian: 7.2 mo, 95% CI: 5.3–7.9) versus durvalumab plus
placebo (median: 5.3 mo, 95% CI: 3.7–5.8) (Fig. 2A);
however, the difference was not statistically significant
(stratified HR ¼ 0.76, 95% CI: 0.57–1.02, p ¼ 0.074). To
assess possible evaluation bias, the treatment effect for
PFS was estimated using results determined by blinded
independent central review; the result was consistent
with the primary analysis (stratified HR ¼ 0.75, 95% CI:
0.56–1.01).

Findings across exploratory subgroups were gener-
ally consistent with the ITT analysis (Fig. 2B); however,
PFS favored durvalumab plus placebo versus durvalu-
mab plus olaparib among patients who received a
gemcitabine-doublet chemotherapy regimen during
initial therapy (HR ¼ 1.12, 95% CI: 0.68–1.86). In
addition, the treatment effect for PFS with durvalumab
plus olaparib, relative to durvalumab plus placebo, was
more pronounced among the following: Asians (HR ¼
0.58, 95% CI: 0.34–0.98) compared with non-Asians
(HR ¼ 0.86, 95% CI: 0.60–1.24); never smokers (HR ¼
0.53, 95% CI: 0.27–1.02) compared with current or
former smokers (HR ¼ 0.82, 95% CI: 0.59–1.15); patients
with nonsquamous tumor histologic type (HR ¼ 0.69,
95% CI: 0.45–1.03) compared with those with squamous
tumor histologic type (HR ¼ 0.85, 95% CI: 0.55–1.30);
and patients who received cisplatin-based chemotherapy
(HR ¼ 0.41, 95% CI: 0.15–1.02) compared with those
with carboplatin-based chemotherapy (HR ¼ 0.82, 95%
CI: 0.60–1.12) during initial therapy. Kaplan-Meier dis-
tributions of PFS according to tumor histologic type are
provided (Supplementary Fig. 2).

Secondary End Points. OS data were immature: 89 of
269 (33.1%) randomized patients had died at the data
cutoff (44 in the durvalumab plus olaparib arm and 45
in the durvalumab plus placebo arm). Median OS was
17.4 months (95% CI: 14.1–not estimable) in the dur-
valumab plus olaparib arm and was not reached (95%
CI: 11.8–not estimable) in the durvalumab plus placebo
arm; the 12-month OS rates were 65.6% (95% CI: 55.4–
73.9) and 60.4% (95% CI: 49.9–69.3), respectively
(stratified HR ¼ 0.90, 95% CI: 0.59–1.36, p ¼ 0.604)
(Fig. 3).

The ORR (including unconfirmed responses) was
numerically higher in the durvalumab plus olaparib arm
(17.1%) compared with the durvalumab plus placebo
arm (13.7%) (OR ¼ 1.29; 95% CI: 0.66–2.57)
(Supplementary Table 3). Two patients in the durvalu-
mab plus olaparib arm had CR as their best objective
response; no patient in the durvalumab plus placebo arm
had a CR. Confirmed CR or PR was reported for 14.7%
and 9.2% of patients in each arm, respectively. Median
DoR was not reached in either arm (Supplementary
Table 1). An estimated 79.1% and 65.7% of patients in
the durvalumab plus olaparib and durvalumab plus
placebo arms, respectively, remained in response at 6
months (and 69.2% and 65.7%, respectively, remained
in response at 12 mo).



Figure 4. Investigator-assessed PFS by biomarker status (maintenance phase; biomarker-evaluable population). aNo. of
events (n)/no. of patients randomized (N). bHRRm status was defined by the presence of functional mutations in the following
genes: BRCA1, BRCA2, ATM, RAD51B, RAD51C, RAD54L, RAD51D, BRIP1, FANCI, FANCL, PALB2, BARD1, CHEK1, CHEK2, and
CDK12. Overall, 181 patients had HRRm status determined using the FoundationOne CDx tissue-based assay (the preplanned
method) and 81 patients underwent sequencing of ctDNA using the GuardantOMNI assay (two patients were profiled with both
assays); nine patients had unknown HRRm status (DþO, n ¼ 4; DþP, n ¼ 5). Although PFS in the HRRm population was a
secondary end point, the analysis presented here is exploratory as ctDNA sequencing was performed to determine HRRm
status in patients who were unable to provide a sample adequate for the preplanned HRRm tissue-based testing. CDx,
companion diagnostic; CI, confidence interval; ctDNA, circulating tumor DNA; DþO, durvalumab plus olaparib; DþP, dur-
valumab plus placebo; HR, hazard ratio; HRRm, homologous recombination repair gene mutation; NE, not estimable; PD-L1,
programmed cell death-ligand 1; PFS, progression-free survival.
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Exploratory Analyses of PFS According to
Biomarker Status

HRRm status was assessed by preplanned tissue-
based testing (FoundationOne CDx assay. Tumors were
considered HRRm positive if a functional mutation was
detected in one of 15 genes (BRCA1, BRCA2, ATM,
RAD51B, RAD51C, RAD54L, RAD51D, BRIP1, FANCI,
FANCL, PALB2, BARD1, CHEK1, CHEK2, and CDK12); this
subgroup defines one of the populations eligible for
olaparib based on its ability to enrich for clinical activity
with olaparib in the context of the PROfound study.30 In
all, 14 of 269 (5.2%) randomized patients had positive
HRRm status. HRRm status could not be determined for
32.7% of patients due to their tissue sample being of
inadequate quality, or insufficient sample being avail-
able. The small number of patients with HRRm-positive
tumors determined through tissue-based testing pre-
cluded meaningful analysis of PFS. Therefore, the HRRm
biomarker-evaluable population (BEP) was enlarged to
make an analysis of PFS feasible; patients for whom
tissue-based testing was unsuccessful had HRRm status
determined through sequencing of circulating tumor
DNA (GuardantOMNI assay). The final (aggregated)
HRRm BEP included 260 of 269 (96.7%) randomized
patients; 28 of 260 (10.8%) had HRRm-positive tumors
(Fig. 4). Consistent with the ITT analysis, PFS favored
durvalumab plus olaparib versus durvalumab plus pla-
cebo among patients with HRR-wildtype tumors (HR ¼
0.64, 95% CI: 0.47–0.88). In contrast, no improved ac-
tivity for durvalumab plus olaparib versus durvalumab
plus placebo was observed among patients with HRRm-
positive tumors (HR ¼ 1.58, 95% CI: 0.62–4.06). More-
over, positive HRRm status did not enrich for activity
with olaparib: within the durvalumab plus olaparib arm,
median PFS was shorter among patients with HRRm-
positive (3.9 mo, 95% CI: 1.8–7.5) versus HRR-
wildtype (7.4 mo, 95% CI: 5.5–9.3) tumors.

The PD-L1 BEP included 201 of 269 (74.7%) ran-
domized patients; 49.3%, 29.4%, and 21.4% of patients in
the BEP had a PD-L1 expression level of less than 1%, 1%
to 49%, and 50% or more, respectively. Consistent with
the ITT analysis, PFS trends favored durvalumab plus
olaparib versus durvalumab plus placebo in the PD-L1 less
than 1% (HR ¼ 0.79, 95% CI: 0.49–1.27) and 1% to 49%
(HR ¼ 0.51, 95% CI: 0.28–0.92) subgroups (Fig. 4).
Meanwhile, PFS in the PD-L1 50% or more subgroup did
not differ between the two arms (HR¼ 1.03, 95% CI: 0.47–
2.32); median PFS in both arms was numerically longer in
the PD-L1 50% or more subgroup compared with the less
than 1% and 1% to 49% subgroups.



Table 2. Summary of AEs by Category and by Preferred Term (Maintenance Phase; Safety Analysis Set)

AE Category

Durvalumab Plus
Olaparib, n (%)
(n ¼ 134)

Durvalumab Plus
Placebo, n (%)
(n ¼ 134)a

Any AE 116 (86.6) 104 (77.6)
TRAEb 83 (61.9) 54 (40.3)

Any AE of grade 3 or 4 46 (34.3) 24 (17.9)
TRAE of grade 3 or 4b 25 (18.7) 6 (4.5)

Any AE with outcome of deathc 5 (3.7) 7 (5.2)
TRAE with outcome of deathb 0 1 (0.7)

Any Serious AE 25 (18.7) 19 (14.2)
Serious TRAEb 10 (7.5) 3 (2.2)

Any AE leading to treatment discontinuationd 14 (10.4) 6 (4.5)
TRAE leading to treatment discontinuationb,d 8 (6.0) 2 (1.5)

AEs of any cause by preferred term (�5% total incidence)e

Anemia 35 (26.1) 11 (8.2)
Nausea 19 (14.2) 10 (7.5)
Decreased appetite 16 (11.9) 9 (6.7)
Fatigue 15 (11.2) 9 (6.7)
Arthralgia 13 (9.7) 8 (6.0)
Hypothyroidism 8 (6.0) 13 (9.7)
Asthenia 8 (6.0) 10 (7.5)
Vomiting 15 (11.2) 3 (2.2)
Weight decreased 12 (9.0) 6 (4.5)
Alanine aminotransferase increased 6 (4.5) 11 (8.2)
Diarrhea 11 (8.2) 6 (4.5)
Dyspnea 10 (7.5) 4 (3.0)
Pneumonia 8 (6.0) 6 (4.5)

Note: Includes AEs with an onset or worsening date on or after the first dose in the maintenance phase and up to and including the end of the follow-up period
but before initiation of subsequent therapy.
aOne patient randomized to the durvalumab plus placebo arm did not receive maintenance therapy and was excluded from the safety analysis set.
bPossible causal relationship between AEs and any of the study treatments (i.e., durvalumab or olaparib/placebo) was according to investigator assessment.
cAEs with outcome of death in the durvalumab plus olaparib arm were pneumonia, endocarditis, cardiovascular insufficiency, pulmonary hemorrhage, and
death (n ¼ 1 for each). AEs with outcome of death in the durvalumab plus placebo arm were disease progression (n ¼ 2), pneumonia (n ¼ 1), depressed level of
consciousness and seizure (n ¼ 1), cardiac failure acute (n ¼ 1), cardiopulmonary failure (n ¼ 1), and general physical health deterioration (n ¼ 1).
dIncludes patients who permanently discontinued any of the study treatments.
eSorted in decreasing order of frequency (total across arms).
AE, adverse event; TRAE, treatment-related adverse event.
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Safety
During the maintenance phase, 86.6% and 77.6% of

patients who received durvalumab plus olaparib and
durvalumab plus placebo, respectively, experienced
AEs of any cause and severity grade. The most
frequently reported AEs of any cause and severity
grade are listed in Table 2; anemia was the most
frequently reported AE with durvalumab plus olaparib
(26.1%), followed by nausea (14.2%). A majority of the
most frequent AEs occurred with a numerically higher
incidence in the durvalumab plus olaparib arm versus
the durvalumab plus placebo arm, with the greatest
between-arm differences observed for anemia (26.1%
versus 8.2%), vomiting (11.2% versus 2.2%), and
nausea (14.2% versus 7.5%). The incidence of grade 3
or 4 AEs (34.3% versus 17.9%) and AEs leading to
discontinuation of either study treatment (10.4%
versus 4.5%) was also numerically higher with durva-
lumab plus olaparib versus durvalumab plus placebo;
anemia was the most common grade 3 or 4 AE and was
reported with a numerically higher incidence among
patients who received durvalumab plus olaparib
(12.7%) versus durvalumab plus placebo (2.2%)
(Supplementary Table 4). The incidence of grade 5 AEs
was comparable between the arms (3.7% versus 5.2%,
respectively).

Overall, 61.9% and 40.3% of patients who received
durvalumab plus olaparib and durvalumab plus pla-
cebo, respectively, experienced any-grade AEs possibly
related to either study treatment (“TRAEs”) (Table 2).
The most common TRAEs of any grade (incidence �5%
in either arm) were anemia (reported in 15.7% of pa-
tients in the durvalumab plus olaparib arm versus 3.0%
in the durvalumab plus placebo arm), followed by
nausea (11.9% versus 5.2%), hypothyroidism (5.2%
versus 7.5%), alanine aminotransferase increased
(3.0% versus 5.2%), fatigue (6.0% versus 2.2%),
asthenia (2.2% versus 5.2%), vomiting (6.7% versus
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0.7%), and decreased appetite (5.2% versus 0.7%). The
incidence of grade 3 or 4 TRAEs (18.7% versus 4.5%),
serious TRAEs (7.5% versus 2.2%), and TRAEs leading
to discontinuation of either study treatment (6.0%
versus 1.5%) was numerically higher with durvalumab
plus olaparib versus durvalumab plus placebo
(Table 2); no patient experienced grade 5 TRAEs with
durvalumab plus olaparib, whereas one patient (0.7%)
had a grade 5 TRAE with durvalumab plus placebo
(pneumonia).

Predefined AEs of special interest for olaparib were
reported in 3.7% of patients in both arms. Meanwhile,
predefined AEs of special or potential interest for dur-
valumab were reported in 41.0% of patients in both
arms; overall, 6.0% of patients in each arm had grade 3
or 4 AEs of special or potential interest for durvalumab.
Immune-mediated AEs were reported in 13.4% and
14.9% of patients who received durvalumab plus ola-
parib and durvalumab plus placebo, respectively
(Supplementary Table 5). Most immune-mediated AEs
were grade 1 or 2; grade 3 or 4 events were reported in
three patients (2.2%) who received durvalumab plus
olaparib and one patient (0.7%) who received durvalu-
mab plus placebo.
Discussion
The primary end point of PFS was not met in this

preplanned analysis from ORION. Although the combi-
nation of durvalumab and olaparib was associated with a
numerical improvement in PFS versus durvalumab
alone, the difference was not statistically significant
(HR ¼ 0.76, 95% CI: 0.57–1.02, p ¼ 0.074). OS data were
immature at the data cutoff (33.1% maturity).

Safety findings were consistent with the known
profiles of durvalumab and olaparib, administered alone
and in combination,19,21,23,27,28,31 and no new safety
signals were identified. Administration of olaparib
alongside durvalumab was generally well tolerated after
four cycles of durvalumab plus SoC chemotherapy;
however, the incidence of any-grade anemia, vomiting,
and nausea, including the overall incidence of grade 3 or
4 AEs and AEs leading to discontinuation, was numeri-
cally higher with the combination versus durvalumab
alone. Reassuringly, the combination was not associated
with a greater frequency or severity of immune-
mediated AEs.

To the best of our knowledge, ORION is the first
randomized study to investigate the combination of
PARP inhibition and immunotherapy as maintenance
therapy in the mNSCLC setting. Previous studies across
various solid tumor indications have revealed that a
subset of patients can achieve durable responses with
the combination of durvalumab and olaparib.22–25,27,28
Theoretically, patients who achieve at least stable dis-
ease with chemo-immunotherapy are likely to be sensi-
tive to DNA-damaging agents (e.g., platinum); therefore,
they should have the most to gain from the addition of a
PARP inhibitor such as olaparib to their treatment
regimen. Despite this, the combination of olaparib and
durvalumab did not yield a meaningful improvement in
the ORR in ORION (OR ¼ 1.29, 95% CI: 0.66–2.57). The
reasons for this are unclear.

Baseline characteristics in ORION were broadly
representative of a typical patient population with
mNSCLC. Patients with nonsquamous tumor histologic
type made up a lower proportion of the population that
was randomized to maintenance therapy than may have
been expected for this disease setting, possibly because
the ORION protocol did not permit use of maintenance
pemetrexed (an option for these patients32). Notably,
findings from the exploratory subgroups analysis sug-
gest that patients with nonsquamous tumor histologic
type may derive more PFS benefit from the addition of a
PARP inhibitor alongside anti–PD-(L)1 therapy (HR ¼
0.69, 95% CI: 0.45–1.03) when compared with patients
with squamous tumor histologic type (HR ¼ 0.85, 95%
CI: 0.55–1.30). Ongoing phase 3 studies are evaluating
the combination of PD-(L)1 and PARP inhibition as
maintenance therapy (after first-line chemo-immuno-
therapy) exclusively in patients with (1) nonsquamous
mNSCLC (KEYLYNK-006; NCT03976323) and (2) squa-
mous mNSCLC (KEYLYNK-008; NCT03976362),33,34 and
should provide more definitive conclusions regarding
the benefit of the combination in each of these pop-
ulations. Findings from the subgroups analysis also
suggest that patients who receive cisplatin-based
chemotherapy regimens during initial therapy may
derive more PFS benefit from the combination compared
with those who receive carboplatin-based regimens;
however, interpretation is limited by the small number
of randomized patients who received cisplatin-based
regimens (n ¼ 30).

Previous studies of PARP inhibitors (alone or in
combination with durvalumab) across various solid
tumor indications have established that patients
harboring mutations in the HRR pathway are more
likely to benefit from PARP inhibition.27,35–37 In ORION,
patients with HRR wildtype tumors seemed to derive
benefit from the combination of durvalumab and ola-
parib, whereas (counterintuitively) HRRm-positive
status did not correlate with improved PFS outcomes
with this combination. This suggests that HRRm status
may not be a useful predictive biomarker for response
to PARP inhibitors in patients with mNSCLC, at least
when used in combination with immunotherapy in the
maintenance setting. Nevertheless, relatively few pa-
tients harbored HRR gene mutations in ORION (n ¼ 28)
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and HRRm status was not used as a trial stratification
factor, limiting interpretation. The prevalence of HRRm
in ORION (10.8%) was similar to the prevalence
observed in a large sample of patients with lung cancer
(12.7%).38

Findings from ORION suggest that the benefit of
combining inhibitors of PD-(L)1 and PARP may be
limited to patients with lower PD-L1 expression levels.
In the PD-L1 50% or more subgroup, median PFS was
numerically longer for both maintenance arms versus
the PD-L1 less than 50% subgroups (as expected given
that PD-L1 is a predictive biomarker for response to
immunotherapy); however, the PFS HR was 1.03, sug-
gesting that patients with PD-L1 expression of 50% or
more, who are more likely to benefit from immuno-
therapy alone, may not benefit further from the addition
of a PARP inhibitor. Nevertheless, interpretation of this
exploratory analysis is limited by the overlapping 95%
CIs for HRs across the subgroups, the large proportion of
patients for whom PD-L1 expression was unknown,
small subgroup sizes, and PD-L1 expression level not
being used as a trial stratification factor.

Treatment regimens comprising combinations of
next-generation PARP inhibitors and PD-(L)1 inhibitors
represent a possible avenue for future research.
AZD5305 is a highly selective PARP1 inhibitor currently
in phase 1 development (NCT04644068)39,40; targeting
PARP1 specifically could retain the therapeutic benefit of
dual PARP inhibitors (which inhibit PARP1 and PARP2
[e.g., olaparib]), while also reducing the risk of hemato-
logic toxicity. The potential for an improved therapeutic
index with selective PARP1 inhibitors could improve the
tolerability of combination regimens, possibly opening
new therapeutic opportunities for patients with solid
tumors, including NSCLC.

In conclusion, maintenance therapy with durvalumab
in combination with olaparib was not associated with a
statistically significant improvement in PFS compared
with durvalumab alone, although numerical improve-
ment was observed. The combination was generally
well tolerated after four cycles of initial chemo-
immunotherapy, with no new safety concerns. Contrary
to expectations, no improved activity for the combina-
tion was observed among patients with HRRm-positive
tumors, although the small size of this subgroup pre-
vents robust conclusions. Selected patients with mNSCLC
may benefit from combined therapy incorporating PD-
(L)1 and PARP inhibitors. Additional studies are ongoing
to evaluate the possible role of this combination as
maintenance therapy for patients with nonsquamous
(KEYLYNK-006) and squamous (KEYLYNK-008)
mNSCLC. Further research is needed to identify bio-
markers that can predict response to PARP inhibitors in
this disease setting.
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