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ABSTRACT

PURPOSE Platinum-based doublets with concurrent and maintenance bevacizumab are
standard therapy for ovarian cancer (OC) relapsing after a platinum-free in-
terval (PFI) >6 months. Immunotherapy may be synergistic with bevacizumab
and chemotherapy.

PATIENTS AND
METHODS

ATALANTE/ENGOT-ov29 (ClinicalTrials.gov identifier: NCT02891824), a
placebo-controlled double-blinded randomized phase III trial, enrolled pa-
tients with recurrent epithelial OC, one to two previous chemotherapy lines, and
PFI >6 months. Eligible patients were randomly assigned 2:1 to atezolizumab
(1,200 mg once every 3 weeks or equivalent) or placebo for up to 24 months,
combined with bevacizumab and six cycles of chemotherapy doublet, stratified
by PFI, PD-L1 status, and chemotherapy regimen. Coprimary end points were
investigator-assessed progression-free survival (PFS) in the intention-to-treat
(ITT) and PD-L1–positive populations (alpha .025 for each population).

RESULTS BetweenSeptember 2016andOctober 2019, 614patientswere randomly assigned:
410 to atezolizumab and 204 to placebo. Only 38% had PD-L1–positive tumors.
After 3 years’ median follow-up, the PFS difference between atezolizumab and
placebo did not reach statistical significance in the ITT (hazard ratio [HR], 0.83;
95% CI, 0.69 to 0.99; P 5 .041; median 13.5 v 11.3 months, respectively) or
PD-L1–positive (HR, 0.86; 95% CI, 0.63 to 1.16; P 5 .30; median 15.2 v
13.1 months, respectively) populations. The immature overall survival (OS) HR
was 0.81 (95% CI, 0.65 to 1.01; median 35.5 v 30.6 months with atezolizumab v
placebo, respectively). Global health-related quality of life did not differ be-
tween treatment arms. Grade ≥3 adverse events (AEs) occurred in 88% of
atezolizumab-treated and 87% of placebo-treated patients; grade ≥3 AEs
typical of immunotherapy were more common with atezolizumab (13% v 8%,
respectively).

CONCLUSION ATALANTE/ENGOT-ov29 did not meet its coprimary PFS objectives in the ITT
or PD-L1–positive populations. OS follow-up continues. Further research on
biopsy samples is warranted to decipher the immunologic landscape of late-
relapsing OC.

INTRODUCTION

Recent advances in the treatment of gynecologic cancers
include antiangiogenic therapy and poly (ADP-ribose)

polymerase (PARP) inhibitors in ovarian cancer (OC) and
immune checkpoint inhibitors (ICIs) in cervical1,2 and
endometrial3 cancers. In OC, ICIs have yet to show significant
benefit. The observed additive/synergistic activity between
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ICIs, antiangiogenic agents, and chemotherapy in lung and
renal cancers4-6 prompted evaluation of such combinations
in OC. As previous results hinted that immunotherapy
might be more effective in less resistant recurrent OC,7 the
ATALANTE/ENGOT-ov29 trial evaluated the anti–PD-L1
agent atezolizumab in platinum-sensitive OC (platinum-free
interval [PFI] >6 months). In this setting, standard therapy
includes a platinum-containing doublet (platinum with
gemcitabine,8 paclitaxel,9 or pegylated liposomal doxorubicin
[PLD]10) combined with bevacizumab.11-13

Between initiation and primary analysis of ATALANTE/
ENGOT-ov29, emerging data reshaped the immunologic
treatment landscape. Three phase III trials evaluating various
immunotherapy strategies in different OC settings failed
tomeet their primary objectives, but suggested that PD-L1
positivity may potentially identify patients more likely to
benefit from ICIs.7,14,15 Consequently, the ATALANTE/ENGOT-
ov29 trial design was adapted to include progression-free
survival (PFS) in the PD-L1–positive population as a copri-
mary objective. We report primary efficacy and safety results.

PATIENTS AND METHODS

ATALANTE/ENGOT-ov29 (ClinicalTrials.gov identifier:
NCT02891824) is a European Network for Gynaecological
Oncological Trial groups (ENGOT)/Gynecologic Cancer
InterGroup double-blind, placebo-controlled, randomized,
phase III trial, sponsored by the Groupe d’Investigateurs
National des Etudes des CancersOvariens et du sein (GINECO).
The trial was conducted in accordance with the Declaration of
Helsinki and consistent with International Conference on
Harmonisation Good Clinical Practice and applicable regu-
latory requirements. The study was performed according to
ENGOT Model A.16 The final trial protocol, informed consent
forms, and all other written information/materials provided
to patients were approved by each participating country’s
institutional review board/ethics committee.

Eligible patients had histologically confirmed progressive
nonmucinous epithelial OC (including primary peritoneal
and/or fallopian tube adenocarcinoma) with first or sec-
ond relapse after a PFI >6 months. The last chemotherapy
had to contain platinum. New anticancer therapy in the
6 months between last platinum and study entry was
prohibited (except for maintenance therapy up to 21 days
before study entry). Previous ICI was prohibited. Patients
had to have normal organ and bone marrow function and
an Eastern Cooperative Oncology Group performance
status 0/1. All patients provided written informed consent
before undergoing any trial-specific procedures or
treatment.

Before random assignment, PD-L1 status was determined
centrally on a mandatory de novo tumor biopsy obtained
within the preceding 2 months. PD-L1–positive status was
defined as tumor-infiltrating immune cell (IC) PD-L1 ex-
pression on ≥1% of tumor area using the Ventana SP142
immunohistochemistry assay (Ventana Medical Systems,
Tucson, AZ), as in previous atezolizumab trials.15,17-19 In-
vestigators selected one of the following platinum-based
regimens: carboplatin AUC4 (day 1), gemcitabine
1,000 mg/m2 (days 1, 8), and bevacizumab 15 mg/kg (day 1)
once every 3 weeks; carboplatin AUC5, paclitaxel 175 mg/m2,
and bevacizumab 15mg/kg (all day 1, once every 3 weeks); or
carboplatin AUC5 (day 1), PLD 30 mg/m2 (day 1), and bev-
acizumab 10 mg/kg (days 1, 15) once every 4 weeks. After
completing six cycles of chemotherapy, all patients received
maintenance bevacizumab 15 mg/kg (day 1, once every
3 weeks) until objective radiologic disease progression
according to RECIST (version 1.1), unacceptable toxicity,
or patient withdrawal. Stratification factors were PFI
(6-12 v >12 months), PD-L1 status (negative [IC <1%] v
positive v noninformative), and chemotherapy (carboplatin-
gemcitabine v carboplatin-PLD v carboplatin-paclitaxel).
Eligible patients were randomly assigned 2:1 to receive the
selected platinum-based chemotherapy and bevacizumab

CONTEXT

Key Objective
Does incorporation of atezolizumab into a standard regimen of platinum-based chemotherapy with concurrent and
maintenance bevacizumab improve outcomes in patients with platinum-sensitive recurrent ovarian cancer (OC)?

Knowledge Generated
To our knowledge, this is the first reported randomized phase III trial evaluating immune checkpoint inhibition in patients
with platinum-sensitive OC. Atezolizumab did not improve progression-free survival in the overall population or in the
population of patients with PD-L1–positive tumors. Survival follow-up is ongoing.

Relevance (G.F. Fleming)
These data show no benefit from the use of atezolizumab in patients with recurrent platinum-sensitive OC, which is in line
with multiple negative trials of immune checkpoint inhibition for patients with OC treated in the front-line setting.*

*Relevance section written by JCO Associate Editor Gini F. Fleming, MD.
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with either atezolizumab (1,200 mg, day 1, once every
3 weeks) or placebo during chemotherapy and continued
with bevacizumab as maintenance therapy.

Investigators assessed tumors by computed tomography or
magnetic resonance imaging at screening (<28 days before
randomassignment), at 12, 24, 48, 72, and 96weeks, and per
local standards thereafter until disease progression per
RECIST (version 1.1). Patient-reported outcomes were
assessed using the European Organisation for Research and
Treatment of Cancer Quality of Life Questionnaire core
module (QLQ-C30) and OC-specific module (QLQ-OV28)
before starting treatment, before each visit during chemo-
therapy, once every 12 weeks until subsequent therapy, once
every 4 weeks during the first 12 weeks of subsequent
therapy, and thereafter once every 12 weeks until second
progression, death, or for up to 3 years, whichever occurred
first. Adverse events (AEs) were recorded at every cycle,
graded according to National Cancer Institute Common
Terminology Criteria for Adverse Events (version 4.03).

The coprimary outcome measures were investigator-
assessed PFS according to RECIST (version 1.1) in the
intention-to-treat (ITT) and PD-L1–positive populations.
Supportive secondary outcome measures were overall sur-
vival (OS), time from random assignment to start of second
subsequent therapy or death (TSST), health-related quality
of life (HRQoL), patient-reported outcomes, and long-term
survival using cure-rate modeling.20 Additional secondary
outcome measures included objective response rate (ORR),
time to first subsequent therapy (TFST), time to second
progression or death (PFS2), PFS and OS in the subgroup
with both PD-L1–positive and CD8-positive (≥1% ex-
pression) tumors, safety, and tolerability. Exploratory
subgroup analyses of PFS according to randomization
stratification factors and relevant potential prognostic
factors were prespecified.

The assumed median PFS in the control arm of the ITT pop-
ulation was 13 months, on the basis of results from OCEANS,11

GOG-0213,12 and a single-arm study21 (AGO-OVAR2.2113 re-
sultswere not available at that time). Median PFS of 15months
was anticipated in the PD-L1–positive population.22 The ex-
pected accrual period was 40 months. It was anticipated that
atezolizumab would increase median PFS by 4.8 months to
17.8months in the ITT population (corresponding to a hazard
ratio [HR] of 0.73). According to Freedman’s method with a
2.5%two-tailed type I error andnearly 85%power, 491 events
were required in 600 randomly assigned patients (2:1 random
assignment) for the primary analysis. It was assumed that
40% of the ITT population would have PD-L1–positive tu-
mors (on the basis of PD-L1 status in the first 300 patients
enrolled, before amending the protocol to introducePFS in the
PD-L1–positive population as a coprimary end point), and
that median PFS in these patients would increase from 15 to
24 months, corresponding to an HR of 0.62, with atezoli-
zumab. With a 2.5% two-tailed type I error, 186 PFS events

were required in 240 patients with PD-L1–positive tumors to
provide almost 80% power for the coprimary analysis.

Efficacy was analyzed in the ITT population (all randomly
assigned patients analyzed as randomly assigned) and the
PD-L1–positive population. As atezolizumab treatment ef-
fect was expected to vary over time, the proportional hazards
assumption was to be tested before determining the
methodology for the coprimary analyses (Appendix 2, online
only). PFS was estimated using Kaplan-Meier methodology;
median PFS was reported with 95% CIs (Brookmeyer-
Crowleymethod). If the proportional hazard assumptionwas
not violated, PFS was analyzed using a classical Cox model
adjusted on stratification factors with a 2.5% two-sided
type-I error rate. If either or both coprimary PFS compar-
isons reached statistical significance (P < .025), the hier-
archical statistical design allowed formal testing of OS in the
ITT and PD-L1–positive populations. If neither coprimary
end point comparison was significant at P < .025, the trial
was considered negative. HRQoL was analyzed using linear
mixed models with an interaction between treatment arm
and time and a random effect on subject. A restricted
likelihood maximization estimation method was used
and P values were derived from Kenward-Roger approxi-
mation. Safety was analyzed in the safety population
(all randomly assigned patients receiving at least one study
treatment dose) according to the treatment actually re-
ceived. Statistical analyses used R software (version 3.3).23

Final analysis of TSST, OS, and PFS2, updated PFS, and cure-
ratemodelingwill be performed after deaths in 491 patients in
the ITT population and 186 in the PD-L1–positive population.

RESULTS

Patient Population and Treatment Exposure

Between September 28, 2016, and October 4, 2019, 614
patients from 74 sites in Europe and Israel were enrolled. Of
these, 410 were randomly assigned to atezolizumab-
containing therapy and 204 to placebo (Fig 1). Baseline
characteristics were generally well balanced (Table 1). Al-
most two thirds of patients received PLD. Compared with the
ITT population, a higher proportion of patients in both
treatment arms of the PD-L1–positive population had un-
dergone debulking surgerywithin 6months of inclusion, and
tumor size was generally smaller. Additionally, within the
PD-L1–positive population, there was a slight imbalance in
previous lines of chemotherapy.

At the primary analysis data cutoff (October 15, 2021), the
median duration of follow-up was 36.6 (95% CI, 35.1 to 38.7)
months. In both arms, the median duration of study treat-
ment was 11.1 months and themedian bevacizumab duration
was 10.6 months (Appendix Table A1, online only). The
duration of each chemotherapy was balanced between
treatment arms, and was slightly longer in the PLD sub-
group, reflecting the once every 4 weeks schedule.
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Efficacy

In the ITT population, the PFS HR was 0.83 (95% CI, 0.69
to 0.99; P 5 .041), which did not meet the coprimary
objective (Fig 2A). Median PFS was 13.5 versus 11.3 months
with atezolizumab versus placebo, respectively. In the
PD-L1–positive population the PFS HR was 0.86 (95% CI,
0.63 to 1.16; P 5 .30), which did not meet the criteria for
statistical significance (Fig 2B). Median PFS was 15.2 versus
13.1 months with atezolizumab versus placebo, respectively.

Subgroup analysis of PFS showed no significant interaction
with atezolizumab treatment in any of the subgroups
evaluated, including the prespecified subgroup of patients
with both PD-L1–positive and CD8-positive tumors
according to baseline biopsy (Fig 3). Therewas no evidence of

an enhanced atezolizumab treatment effect in the PLD co-
hort compared with other regimens.

As neither coprimary end point reached the threshold for
statistical significance, the remaining end points were not
formally tested. In the ITT population, the ORR was
62% with atezolizumab versus 66% with placebo; in the
PD-L1–positive population, ORRs were 62% versus 61%,
respectively.

TFST numerically favored atezolizumab in the ITT pop-
ulation (HR, 0.84; 95% CI, 0.70 to 1.01; median 14.6 months
with atezolizumab v 12.5monthswith placebo) but there was
negligible difference in the PD-L1–positive population (HR,
0.97; 95% CI, 0.71 to 1.32; median, 17.5 v 15.2 months, re-
spectively; Appendix Fig A1).

Patients assessed for eligibility (N = 787)

Randomly assigned (n = 614)

Analysis populations
  ITT efficacy                                   (n = 410)
  Per-protocol efficacy                   (n = 403)
    Major deviations          (n = 8)
    Randomly assigned to placebo   (n = 1)
      but received atezolizumab
  Safety                   (n = 408)
    Received neither atezolizumab    (n = 3)
      nor bevacizumab
    Randomly assigned to placebo    (n = 1)
      but received atezolizumab

Discontinued atezolizumab       (n = 389)
  Disease progression                (n = 255)
  Adverse event                          (n = 100)
  Consent withdrawn       (n = 9)
  Completed per protocol      (n = 9)
  Patient decision       (n = 9)
  Logistical reasons       (n = 2)
  Received another anticancer       (n = 2)
     therapy
  Others        (n = 3)
Treatment not started                   (n = 3)
Still receiving atezolizumab        (n = 18)

Allocated to atezolizumab            (n = 410)
  Received allocated intervention (n = 410)

Allocated to placebo                      (n = 204)
  Received allocated intervention (n = 203)
  Did not receive allocated intervention
    (randomization system failure)    (n = 1)

Analysis populations
  ITT efficacy                                    (n = 204)
  Per-protocol efficacy                    (n = 203)
    Received atezolizumab                  (n = 1)
  Safety                                            (n = 201)
    Received neither placebo nor        (n = 2)
      bevacizumab
    Received atezolizumab and was   (n = 1)
      analyzed in the atezolizumab arm

Discontinued placebo               (n = 191)
  Disease progression               (n = 148)
  Adverse event                           (n = 34)
  Consent withdrawn                     (n = 2)
  Patient decision                           (n = 6)
  Death without progression        (n = 1)
Treatment not started                  (n = 2)
Still receiving placebo                (n = 11)

Excluded                                      (n = 173)
  Did not meet inclusion criteria  (n = 93)
  No tumor block available           (n = 27)
  Adverse event                               (n = 7)
  Declined to participate               (n = 21)
  Lost to follow-up                           (n = 2)
  Other reasons                              (n = 23)

FIG 1. CONSORT diagram. ITT, intention-to-treat.
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TABLE 1. Baseline Characteristics

Characteristic

ITT Population PD-L1–Positive Population

Atezolizumab (n 5 410) Placebo (n 5 204) Atezolizumab (n 5 156) Placebo (n 5 77)

Age, years, median (IQR) 63 (55-70) 64 (55-71) 64 (56-69) 64 (59-72)

Histology, No. (%)

High-grade serous 346 (84) 169 (83) 136 (87) 64 (83)

Low-grade serous 32 (8) 8 (4) 8 (5) 3 (4)

High-grade endometrioid 12 (3) 11 (5) 4 (3) 4 (5)

Clear cell 8 (2) 9 (4) 3 (2) 1 (1)

Othera 12 (3) 7 (3) 5 (3) 5 (6)

ECOG performance status, No. (%)b

0 277 (68) 131 (64) 106 (68) 51 (66)

1 131 (32) 72 (35) 50 (32) 26 (34)

2 2 (<1) 0 0 0

No. of previous chemotherapy lines, (%)

1 307 (75) 147 (72) 126 (81) 53 (69)

2 103 (25) 57 (28) 30 (19) 24 (31)

Last line of therapy, No. (%)

Platinum 410 (100) 204 (100) 156 (100) 77 (100)

Bevacizumab 203 (50) 107 (52) 80 (51) 42 (55)

Maintenance PARP inhibitor 74 (18) 40 (20) 26 (17) 13 (17)

Tumor size, No. (%)

No measurable target 96 (23) 36 (18) 50 (32) 24 (31)

Sum of target lesions diameter <5 cm 164 (40) 105 (51) 63 (40) 34 (44)

Sum of target lesions diameter ≥5 cm 150 (37) 63 (31) 43 (28) 19 (25)

Debulking surgery (within 6 months of inclusion), No. (%) 62 (15) 30 (15) 37 (24) 19 (25)

Complete macroscopic resection 34 (8) 20 (10) 22 (14) 16 (21)

PD-L1 status, No. (%)

Negative (IC <1%) 196 (48) 102 (50) 0 0

Positive (IC ≥1%)c 156 (38) 77 (38) 156 (100) 77 (100)

Inconclusive/missing 58 (14) 25 (12) 0 0

Germline/somatic BRCA status, No. (%)

Mutated 40 (10) 32 (16) 18 (12) 10 (13)

Nonmutated 241 (59) 118 (58) 95 (61) 44 (57)

Inconclusive/missing 129 (31) 54 (26) 43 (28) 23 (30)

PFI, months, No. (%)

6-12 103 (25)d 45 (22) 30 (19) 17 (22)

>12 307 (75) 159 (78) 126 (81) 60 (78)

Investigator-selected chemotherapy, No. (%)

PLD 1 carboplatin 259 (63)e 128 (63)f 104 (67) 48 (62)

Gemcitabine 1 carboplatin 118 (29)g 58 (28)h 41 (26) 22 (29)

Paclitaxel 1 carboplatin 33 (8) 18 (9) 11 (7) 7 (9)

Abbreviations: ECOG, Eastern Cooperative Oncology Group; IC, immune cells; ITT, intention-to-treat; PARP, poly (ADP-ribose) polymerase; PFI,
platinum-free interval; PLD, pegylated liposomal doxorubicin.
aIn the atezolizumab group: undifferentiated (n5 4 ITT, n5 2 PD-L1–positive), carcinosarcoma (n5 4 ITT, n5 1 PD-L1–positive), mixed (n5 2 ITT,
n 5 1 PD-L1–positive), low-grade endometrioid (n 5 1 ITT), and other (n 5 1 ITT and PD-L1–positive); in the placebo group: undifferentiated
(n5 4 ITT, n5 2 PD-L1–positive), carcinosarcoma (n5 1 ITT and PD-L1–positive), Brenner (n5 1 ITT and PD-L1–positive), and other (n5 1 ITT and
PD-L1–positive).
bMissing in one patient in the placebo group.
cIC ≥10% in 14 patients in the atezolizumab group and 10 patients in the placebo group.
dIncludes one patient with PFI <6 months.
eIncludes one patient included in the gemcitabine stratum and three patients included in the paclitaxel stratum for random assignment.
fIncludes one patient included in the paclitaxel stratum for random assignment.
gIncludes two patients included in the paclitaxel stratum for random assignment.
hIncludes one patient included in the PLD stratum for random assignment.
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TSST, which overlaps to some extent with PFS2, showed a
numerical trend favoring atezolizumab-containing therapy
in the ITT population (Fig 4A). The TSST HR was 0.82 (95%
CI, 0.67 to 1.01), with median values of 23.9 versus
21.4 months in the atezolizumab versus placebo arms, re-
spectively. The separation of the Kaplan-Meier curves over
time is illustrated by the increasing absolute difference in the
proportions of patients without TSST events (85% v 83%,
respectively, at 1 year; 49% v 43%, respectively, at 2 years;
31% v 19%, respectively, at 3 years).

At the data cutoff for the primary analysis, OS data were
immature (333 of 491 events required for final OS analysis).
However, there was a numerical trend favoring atezoli-
zumab in the ITT population (Fig 4B). Median OS was 35.5
versus 30.6 months with atezolizumab versus placebo,
respectively. The OS HR was 0.81 (95% CI, 0.65 to 1.01), and

the Kaplan-Meier curves showed increasing separation over
time, as indicated by the OS rates at 1 year (89% with
atezolizumab v 87% with placebo), 2 years (67% v 62%,
respectively), and 3 years (49% v 38%, respectively). The
proportion of events was lower in the PD-L1–positive than in
the ITT population, consistent with the better prognosis
associatedwithPD-L1positivity. TheOSHRwas0.90 (95%CI,
0.61 to 1.32). Median OS was 40.7 (95% CI, 34.4 to 48.4)
months versus 33.6 (95% CI, 29.6 to 52.1) months with
atezolizumab versus placebo, respectively (Appendix Fig A1C).

HRQoL

At baseline, there was no difference between treatment arms
in QLQ-C30 global health score. Mean change from baseline
in global health score showed no significant impact of
treatment on HRQoL over time in either treatment arm, and
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FIG 2. PFS: (A) ITT population (N 5 614); (B) PD-L1–positive population (n 5 233). PFS was defined as the interval between random
assignment and the date of first objective radiologic disease progression (investigator-assessed per RECIST version 1.1) or death.
Sensitivity analyses in the per-protocol population showed consistent results (ITT per-protocol population: HR, 0.82; 95% CI, 0.69 to
0.99; P5 .037; median 13.6 months with atezolizumab v 11.3 months with placebo). Shaded area for each line represents the 95% CI.
HR, hazard ratio; ITT, intention-to-treat; PFS, progression-free survival.
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there was no difference in mean change over time between
treatment arms (P 5 .074; Appendix Fig A2).

Safety

The frequencyof grade≥3AEswas similar in the atezolizumab
and placebo groups (88% v 87%, respectively); treatment-
related grade ≥3 AEs occurred in 33% versus 35%, respec-
tively. AEs were fatal in 14 (3%) atezolizumab-treated
patients and five (2%) placebo-treated patients. Of these,
five were considered to be treatment-related: cardiac arrest,
peritonitis, and acute myeloid leukemia with atezolizumab,
and pulmonary embolismandbowel perforationwithplacebo.

AEs of special interest for atezolizumab were more common
with atezolizumab than with placebo (all grades: 27% v 15%,
respectively; grade ≥3: 13% v 8%, respectively; Table 2).
Immune-related infusion reactions (8% v 4%, respectively)

and autoimmune disorders (22% v 11%, respectively) were
twice as common with atezolizumab than with placebo, the
latter driven by hypothyroidism (11% v 5%, respectively).

A higher proportion of patients discontinued atezolizumab
than placebo because of AEs (25% v 18%, respectively);
bevacizumab was discontinued for AEs in 34% versus 27%,
respectively, and similar proportions of patients in both
arms discontinued chemotherapy because of AEs (15% v
15%, respectively). Similar proportions of patients tempo-
rarily interrupted atezolizumab or placebo because of AEs
(65% v 63%, respectively).

DISCUSSION

To our knowledge, ATALANTE/ENGOT-ov29 is the first
randomized phase III trial reporting outcomes in patients
receiving an ICI with standard therapy for platinum-

Age, years
  �70
  �70
Adenocarcinoma type
  High-grade serous/endometrioid
  Other
No. of previous lines
  1
  2
Platinum-free interval, months
  6-12
  �12
Previous bevacizumab
  Yes
  No
Tumor size
  No measurable target
  SLD �5 cm
  SLD �5 cm
PD-L1 status
  Negative
  Positive
  Noninformative
CD8/PD-L1
  Negative
  Both positive
BRCA mutation
  Germline or somatic mutation
  No mutation
  Inconclusive
CA-125 level at baseline
  Abnormal �100 kU/L
  Abnormal �100 kU/L
  Normal
Chemotherapy cohort
  Paclitaxel/gemcitabine
  PLD

No.Subgroup

446
168

538
76

454
160

148
466

378
236

132
213
269

298
233
83

396
145

72
359
183

340
136
135

227
387

Atezolizumab

13.8
12.4

13.5
13.6

13.8
11.2

9.3
15.2

12.2
16.4

16.2
11.2
13.9

11.5
15.2
14.9

12.5
14.2

15.6
13.6
12.6

11.1
16.5
17.9

11.6
13.8

Placebo

11.3
11.1

11.4
11.1

11.1
11.5

  9.9
12.0

11.1
13.6

16.5
11.1
11.1

11.1
13.1
10.6

11.0
13.8

11.3
11.3
12.9

11.1
10.9
18.2

11.6
11.1

HR (95% CI)

0.79 (0.64 to 0.97)
0.88 (0.64 to 1.22)

0.82 (0.68 to 0.99)
0.70 (0.41 to 1.19)

0.81 (0.65 to 1.00)
0.82 (0.58 to 1.15)

1.00 (0.70 to 1.43)
0.75 (0.61 to 0.92)

0.92 (0.74 to 1.15)
0.67 (0.50 to 0.91)

0.91 (0.59 to 1.41)
0.98 (0.72 to 1.33)
0.68 (0.53 to 0.88)

0.86 (0.67 to 1.10)
0.80 (0.59 to 1.07)
0.69 (0.42 to 1.13)

0.80 (0.64 to 0.99)
0.92 (0.63 to 1.35)

0.67 (0.41 to 1.09)
0.74 (0.59 to 0.94)
1.04 (0.74 to 1.47)

0.89 (0.70 to 1.12)
0.62 (0.43 to 0.91)
0.80 (0.53 to 1.21)

0.78 (0.58 to 1.04)
0.82 (0.66 to 1.03)

Median PFS, Months
Interaction

P

.56

.57

.94

.16

.098

.17

.73

.53

.20

.30

.76

0.5 1.0 1.5

Atezolizumab

Better

HR (95% CI)

Placebo

Better

FIG 3. Subgroup analysis of PFS (intention-to-treat population). Subgroup analyses according to randomization stratification factors
categorized patients for PFI, PD-L1 status, and chemotherapy cohort as recorded in the electronic case report form. CA-125, cancer antigen-
125; HR, hazard ratio; PFS, progression-free survival; PLD, pegylated liposomal doxorubicin; SLD, sum of largest diameter.
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sensitive OC. The trial did notmeet its coprimary objective in
either the ITT or the PD-L1–positive population. Safety was
consistent with previous atezolizumab trials and the indi-
vidual profiles of each drug and their combination.

In the control arm, median PFS durations of 11.3 months in
the ITT population (11.1 months in the PLD subgroup) and
13.1 months in the PD-L1–positive population were slightly
shorter than assumed when designing the trial, but broadly
consistent with recent phase III trials evaluating these
regimens.13,24 Only 38% of patients had PD-L1–positive
tumors, lower than the 60% prevalence observed in
IMagyn050 using the same assay but in the neoadjuvant/
frontline setting.15 A potential explanation is the influence of
disease evolution and/or exposure to antineoplastic thera-
pies on tumor immunogenicity in platinum-sensitive re-
current OC compared with untreated newly diagnosed OC.25

In JAVELIN Ovarian 200, the PD-L1 prevalence was 57%,

albeit in platinum-resistant/refractory disease using a dif-
ferent assay and scoring method.7

In both JAVELIN Ovarian 200 and IMagyn050, the effect of ICI
was more pronounced in the PD-L1–positive than in the ITT
population.7,15 Consequently, the ATALANTE/ENGOT-ov29
protocol was amended during the trial to include PFS in the
PD-L1–positive population as a coprimary end point, as-
suming that the larger-than-expected population of
patients with PD-L1–negative disease was less likely to
benefit from atezolizumab (on the basis of findings from
IMagyn05015 and atezolizumab trials in other tumor
types17,26,27). However, in ATALANTE/ENGOT-ov29, there
was no clear signal that patients with PD-L1–positive tu-
mors derived greater benefit from atezolizumab. Plausibly,
IC ≥1% may not represent the optimal cutoff for PD-L1
positivity in OC, as suggested by exploratory analyses of
IMagyn050 in patients with IC ≥5%.15 A higher cutoff

B

Atezolizumab

Placebo

No. at risk:

1.00

0.75

0.50

0.25

12 18 24 30 36 42 48 54 60

410 390 353 305 262 178 106 62 33 20 1

204 199 176 148 123 82 39 26 18

0 6

7 0

Time (months)

0.81 (0.65 to 1.01)

OS

Median OS, months (95% CI)

OS HR (95% CI)

Atezolizumab
(n = 410)

35.5 (32.4 to 41.3)

Placebo
(n = 204)

30.6 (27.9 to 33.6)

OS
 (p

ro
ba

bi
lit

y)

A

Atezolizumab

Placebo

No. at risk:

1.00

0.75

0.50

0.25

12 18 24 30 36 42 48 54 60

410 387 336 256 173 98 59 28 15

204 196 165 116 80 41 20 13

Time (months)

0.82 (0.67 to 1.01)

TSST

Median TSST, months (95% CI)

TSST HR (95% CI)

Atezolizumab
(n = 410)

23.9 (22.6 to 26.5)

Placebo
(n = 204)

21.4 (19.0 to 24.0)
TS

ST
 (p

ro
ba

bi
lit

y)

0 6

6 1

9 3 0

FIG 4. Secondary end points. (A) Time to second subsequent therapy in the ITT population. (B) OS (interim analysis) in the ITT
population. Shaded area for each line represents the 95% CI. HR, hazard ratio; ITT, intention-to-treat; OS, overall survival; TSST, time from
random assignment to start of second subsequent therapy or death.
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(as used in urothelial carcinoma)may bemore appropriate to
define PD-L1 positivity in OC and analyses exploring a higher
cutoff may be of interest. Additionally, exploration of PD-L1
expression on tumor cells (v ICs) is justified, as done in
IMAGYN05015 and JAVELIN Ovarian 200.7 However, only 66
patients (11%) in ATALANTE/ENGOT-ov29 had PD-L1 ex-
pression of IC ≥5% and 24 patients (4%) had IC ≥10%, thus
sample sizesmay be too small formeaningful interpretation.

The trial also tested treatment effect in the prespecified
subgroup of patients with PD-L1–positive CD8-positive
tumors. It was hypothesized that PD-L1 inhibition would
be ineffectual if there were no cytotoxic lymphocytes within
the tumor. In JAVELIN Ovarian 200, positive PD-L1 and
CD8 T-cell tumor status appeared to define a subgroup of
patients deriving both PFS and OS benefit from the addition
of avelumab to single-agent PLD.7 However, these findings
were not replicated with atezolizumab in ATALANTE/
ENGOT-ov29: there was no pronounced benefit from ICIs in
patients with PD-L1–positive ‘hot’ tumors and the antici-
pated unleashing of CD8 against the tumorwas not observed,
although interpretation is limited by the small sample size of
this subgroup.

Although PFS differences did not reach statistical signifi-
cance, preliminary OS results showed an encouraging signal
andwarrant further analyses with longer follow-up. In other
tumor types, the effect of immunotherapy on ORR and PFS
has been modest but the impact on OS and late PFS has been

greater.28,29 Thus, a potential criticism of the trial is that OS
was not a coprimary objective, although it was planned
for hierarchical testing if either PFS coprimary objective
was met. As in previous OC trials of immunotherapy, any
treatment effect was not immediately apparent,
emerging later and with a greater impact on the tail of the
curve. Final OS results are anticipated in late 2024 and
will provide important information on long-term ef-
fects in patients potentially deriving sustained benefit
from ICIs.

Additional possible criticisms include the heterogeneity of
the enrolled population (including patients with low-grade
serous, high-grade endometrioid, and clear-cell carcinoma).
However, when the trial was designed, it was unclear
whether ICIs may be effective in histologic subtypes beyond
high-grade serousOC. Subgroup analyseswithin IMagyn050,
although in few patients, suggest a similar or enhanced
atezolizumab effect in non–high-grade serous subtypes.15

Furthermore, PD-1 blockade demonstrated promising ac-
tivity in heavily pretreated clear-cell carcinoma in the
PEACOCC trial,30 and the BOUQUET trial (ClinicalTrials.gov
identifier: NCT04931342) is evaluating atezolizumab in rare
histologies. Similarly, somemay criticize enrollment of an
all-comer population without selecting patients accord-
ing to molecular subtype. However, without evidence of a
biomarker that reliably identifies patients deriving greater
benefit from atezolizumab, it is impossible to design a trial
in a biomarker-selected population. When the trial was
designed, PD-L1 status seemed the most promising
marker and our trial aimed, but failed, to validate these
findings.

A strength of the trial is the rigorous collection of de novo
tumor samples, providing a rich resource for translational
research. To our best knowledge, this is the first report of
PD-L1 status from de novo biopsies in platinum-sensitive OC.
An extensive biomarker program aims to deepen under-
standing of the immunologic landscape of platinum-sensitive
disease. This may provide clues for new research avenues,
perhaps generating hypotheses for new targets and
approaches as alternatives to ICIs. This fifth negative trial of
PD-(L)1 inhibition in epithelial OC7,14,15,31 may dampen our
enthusiasm for inhibiting this pathway in OC using the
strategies evaluated to date, but ongoing trials evaluating
ICIs (including agents targeting other pathways) with
PARP inhibitors and in different treatment settings and
combinations may yet elucidate a role. It remains to be
seen whether blockade of PD-1 rather than PD-L1 yields
greater efficacy in OC. The MK-7339-001/KEYLYNK-
001/ENGOT-ov43/GOG-3036 (ClinicalTrials.gov identifier:
NCT03740165) and ATHENA-COMBO (ClinicalTrials.gov
identifier: NCT03522246) trials have completed
recruitment.

TABLE 2. AEs of Special Interest for Atezolizumab

AE of Special Interest, No. (%)
Atezolizumab
(n 5 408)

Placebo
(n 5 201)

Any grade 109 (27) 30 (15)

Grade ≥3 52 (13) 16 (8)

Treatment-related 25 (6) 5 (2)

Immune-related infusion
reaction (any grade)

34 (8) 9 (4)

Autoimmune disorder (any grade) 91 (22) 23 (11)

Hypothyroidism 45 (11) 10 (5)

Hyperthyroidism 8 (2) 5 (2)

Hepatitis or transaminitis 9 (2) 1 (<1)

Colitis or severe diarrhea 4 (1) 4 (2)

Ocular 4 (1) 0

Pancreatitis 1 (<1) 0

Pneumonitis 3 (1) 0

Diabetes mellitus 2 (<1) 0

Adrenal insufficiency 2 (<1) 0

Nephritis 1 (<1) 0

Other 27 (7) 5 (2)

Abbreviation: AE, adverse event.
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APPENDIX 2. SUPPLEMENTARY MATERIALS

Testing Proportional Hazard Assumptions

Progression-free survival (PFS) distributions were compared between the two study
arms using a Cox model including a potential time-dependent treatment effect and
adjusted on the stratification factors platinum-free interval, PD-L1 expression, and
investigator-selected chemotherapy.

Hðt;ZÞ 5 h0ðtÞ exp ðb1 3Z 1 b2 3Z3 t Þ;
where Z is the treatment arm (0 v 1), b1 the non–time-dependent coefficient, and b2
the time-dependent coefficient associated with a potential modification of the
treatment effect with time. To study proportional hazard assumptions, we first tested
the following null hypothesis: H0: b25 0, using a likelihood ratio test. In the intention-
to-treat and PD-L1–positive populations, the P values of the likelihood ratio tests
were .78 and .44, respectively, suggesting there is no time dependency. These results
were also confirmed by the Harrel test (P5 .58 and .77, respectively), confirming that
the proportional hazard assumption was not violated. Diagnosis of proportional
hazard assumptions was also assessed graphically with Schoenfeld’s residuals. No
major deviation to proportional hazard assumptions was detected (Appendix Fig A3).
Therefore, the primary analysis of PFS used an adjusted Cox model. Likewise, in the
PD-L1–positive population, there was no violation of the proportional hazard as-
sumption and, therefore, PFS was analyzed using an adjusted Cox model.

TABLE A1. Treatment Exposure

Treatment Exposure Atezolizumab (n 5 410) Placebo (n 5 204)

Atezolizumab/placebo

Median (IQR) duration of treatment, months 11.1 (6.7-16.8) 11.1 (8.3-15.1)

Bevacizumab

Median (IQR) duration of treatment, months 10.6 (6.0-17.4) 10.6 (6.9-15.6)

Treatment not started, No. (%) 5 (1) 2 (1)

Treatment ongoing, No. (%) 18 (4) 10 (5)

Treatment discontinued, No. (%) 387 (94) 192 (94)

Chemotherapy

Median (IQR) duration of treatment, months

Gemcitabine/platinum (n 5 176) 4.4 (4.1-4.8)/4.4 (4.1-4.9) 4.6 (4.4-5.1)/4.5 (4.2-4.9)

Paclitaxel/platinum (n 5 51) 4.2 (4.1-4.4)/4.1 (4.1-4.4) 4.2 (4.1-4.6)/4.2 (4.1-4.4)

PLD/platinum (n 5 382) 5.5 (5.1-6.0)/5.6 (5.5-6.0) 5.6 (5.1-5.9)/5.7 (5.5-6.0)

Abbreviation: PLD, pegylated liposomal doxorubicin.
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FIG A1. (A) TFST in the intention-to-treat population. (B) TFST in the PD-L1–positive population. (C) OS in the PD-L1–positive
population (interim analysis). HR, hazard ratio; OS, overall survival; TFST, time to first subsequent therapy.
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FIG A2. Mean change from baseline in HRQoL. Dashed lines represent the 10% threshold
considered to be a clinically relevant change. Error bars represent 95% CIs. HRQoL was
scored according to EORTC guidelines, described by mean and standard deviations, and
compared between treatment arm using a linear mixed model. EORTC, European Or-
ganisation for Research and Treatment of Cancer; HRQoL, health-related quality of life.
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FIG A3. Schoenfeld’s residuals for progression-free survival. (A) Intention-to-treat population. (B)
PD-L1–positive population. The solid lines represent a smoothed estimate of beta. The dashed lines
represent 95% CIs of this estimate.
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