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HIGHLIGHTS

* Atezolizumab monotherapy was well tolerated in pre-treated patients with epithelial ovarian or uterine cancer.
* No new safety signals were seen; safety profile in both cohorts was consistent with that known for atezolizumab monotherapy.
* Preliminary evidence of anti-tumor activity with long durability of response was observed in patients from both cohorts.
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viding a potential therapeutic target for these patients. Here we present data from the ovarian and uterine cancer
cohorts of the Phase I atezolizumab monotherapy study (PCD4989g).

Methods. This Phase I, multi-center, first-in-human, open-label, dose-escalation/expansion clinical trial inves-
tigated single-agent atezolizumab in cohorts of patients with recurrent epithelial ovarian or uterine cancer. The

iz‘z/r)tl)irzdjﬁab primary objective was to evaluate the safety and tolerability of single-agent atezolizumab. Anti-tumor activity
Immune checkpoint inhibitor and preliminary assessment of potential biomarkers were evaluated as secondary and exploratory objectives, re-
PD-L1 spectively.

Epithelial ovarian cancer Results. The ovarian and uterine cancer cohorts enrolled 12 and 15 patients, respectively (10 [83%] and 5
Uterine cancer [33%], respectively, had PD-L1 > 5% on tumor-infiltrating immune cells). Atezolizumab was generally well toler-
Molecular markers ated with no new safety signals identified. The safety profiles in both cohorts were consistent with the known

profile of atezolizumab monotherapy. Treatment-related adverse events (AEs) were mostly Grade < 2, with no
treatment-related Grade > 4 AEs reported. Preliminary anti-tumor activity, with long durations of response,
was observed in 2 patients from each cohort (ovarian cancer, 8.1 and 30.6+ months; uterine cancer, 7.3 and
16.6+ months). High microsatellite instability and tumor mutational burden were noted in the responders
from the uterine cancer cohort.

% Preliminary data from this study were previously presented at ESMO 2016 (epithelial ovarian cancer cohort) and ASCO 2017 (uterine cancer cohort).
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Conclusions. Atezolizumab monotherapy was well tolerated in patients with epithelial ovarian or uterine
cancer and may have clinical activity warranting further investigation.
Trial registration. ClinicalTrials.gov identifier: NCT01375842

© 2019 Elsevier Inc. All rights reserved.

1. Introduction

Tumors of the female reproductive system are a leading cause of
morbidity and mortality worldwide. Epithelial ovarian and uterine can-
cers comprise the most common gynecologic cancers in the United
States [1]. In particular, incidence rates of uterine cancer are anticipated
to rise over the next several years, mirroring increasing trends in obesity
[2]. Together, these 2 malignancies also comprise the leading causes of
death due to gynecologic cancer in the United States [1] and other in-
dustrialized nations worldwide.

Platinum-based chemotherapy, with or without other agents
(e.g., taxanes, biologics, etc.), forms a cornerstone systemic therapy for
epithelial ovarian and uterine cancers. However, recurrent disease re-
mains difficult to treat, with remote, if any, chance for cure [3-5].
Anti-angiogenic agents (e.g., bevacizumab) have clear anti-tumor activ-
ity in epithelial ovarian [6] and uterine cancers [7], but they are not
broadly curative for either disease. More recently, poly(ADP-ribose) po-
lymerase (PARP) inhibitors (e.g., niraparib, olaparib, rucaparib) have
emerged as potent therapeutic options for many ovarian tumors, partic-
ularly those with BRCA mutations or homologous recombination path-
way defects; however, the role of these drugs in uterine cancers is
undefined [8].

Distinct histologic subtypes of epithelial ovarian and uterine cancers
have been defined, with varying natural histories and susceptibilities to
treatment [4,5]. Gene expression patterns and immunologic and genetic
markers can also inform treatment. Programmed death-ligand 1 (PD-
L1) expression in the tumor microenvironment can inhibit anti-cancer
T-cell activity [9]. PD-L1 expression has been detected in the epithelial
ovarian cancer tumor microenvironment on tumor cells (TC) and
tumor-infiltrating immune cells (IC) [10] and may have prognostic or
predictive potential, although the precise relationship requires further
elucidation [11]. PD-L1 expression has also been detected in uterine
cancer [12-14], suggesting PD-L1 as a therapeutic target in both patient
populations. Molecular interrogation efforts have identified an immu-
noreactive molecular subtype of high-grade serous epithelial ovarian
cancers (the most common histologic variant) [15,16], as characterized
by genes encoding programmed death-1 (PD-1) and PD-L1 [15,16];
these findings further suggest potential implications for tailoring treat-
ment [15-17].

Genomic alterations (e.g., homologous recombination defects or
mismatch repair [MMR] defects, including microsatellite instability
[MSI]) may also be important in certain epithelial ovarian or uterine
cancers. Depending on the case series, <30% of patients with uterine
cancer have MSI-high (MSI-H) disease [18]. Furthermore, responses to
immune checkpoint inhibitors, like pembrolizumab, have been ob-
served in patients with MSI-H/MMR-deficient endometrial cancer
[19,20]. The presence of DNA polymerase € mutations and high tumor
mutational burden have also been associated with neoantigen loads
and response to checkpoint inhibitors [21,22].

Atezolizumab is an engineered, humanized immunoglobulin G1
monoclonal antibody that selectively targets PD-L1 on TC and IC to pre-
vent binding to its receptors, PD-1 and B7.1, reinvigorating suppressed T
cells to kill cancer cells [23,24]. Atezolizumab is approved for certain
types of urothelial, breast and lung cancers [25,26] and is also active in
other tumor types [23,27]. Herein, we present data on safety, as well
as clinical activity and potential biomarkers of activity, in patients in
the uterine and epithelial ovarian cancer cohorts of the Phase I, open-
label study of atezolizumab monotherapy (PCD4989g; ClinicalTrials.
gov ID: NCT01375842).

2. Methods
2.1. Study oversight

This study was conducted in accordance with the International Con-
ference on Harmonization E6 guidelines for Good Clinical Practice and
the US Food and Drug Administration regulations. Approval for the pro-
tocol, informed consent forms and any information provided to patients
was obtained from each site prior to study initiation. All participating
patients provided written informed consent.

2.2. Study design

This was a Phase I, multi-center, first-in-human, open-label, dose-
escalation study (PCD4989g; NCT01375842) of single-agent
atezolizumab in cohorts of patients with locally advanced or metastatic
solid malignancies or hematologic malignancies [23]. The full study de-
sign has been reported previously [23]. Dose escalation was performed
in the ovarian cancer cohort using single-patient dose escalation for the
0.01, 0.03 and 0.1 mg/kg cohorts, and a traditional 3 + 3 design was
used for doses starting from 0.3 mg/kg [see Fig. S1]). The dose-
limiting toxicity window was 21 days following atezolizumab adminis-
tration. In the dose-expansion phase, atezolizumab was administered
intravenously at 15 mg/kg or 1200 mg every 3 weeks for 16 cycles or
1 year of treatment (whichever occurred first) unless the patient expe-
rienced loss of clinical benefit or unacceptable toxicity. Treatment be-
yond 16 cycles/1 year and retreatment of patients who had
discontinued therapy, regardless of disease status, was later allowed
following a protocol amendment.

2.3. Patients

In the cohorts presented here, patients were eligible if they were
> 18 years old with documented incurable or metastatic epithelial ovar-
ian cancer or advanced/recurrent uterine cancer. Patients were also re-
quired to have adequate hematologic and end organ function,
measurable disease per Response Evaluation Criteria in Solid Tumors
(RECIST) version 1.1, an Eastern Cooperative Oncology Group (ECOG)
performance status <1 and availability of archival or freshly collected
tumor tissue samples. Patients who had received treatment with any
approved anti-cancer therapy within 3 weeks prior to study treatment
initiation or who had received prior treatment with anti-PD-L1 or
anti-PD-1 targeting agents were excluded. Exclusion criteria also in-
cluded known primary central nervous system (CNS) malignancy or
symptomatic CNS metastases and history of human immunodeficiency
virus, hepatitis B or C virus or autoimmune disease.

For the epithelial ovarian cancer cohort, patients were enrolled into
the dose-escalation phase of the study regardless of PD-L1 status; how-
ever, only patients with PD-L1-positive tumors (defined as PD-L1 ex-
pression on IC comprising > 5% of the tumor [IC2/3]) were included in
the dose-expansion phase. Patients in the uterine cancer expansion co-
hort were initially selected based on PD-L1 status (IC2/3); however, a
subsequent protocol amendment then allowed enrollment of patients
regardless of PD-L1 status.

24. Objectives

The primary objective of the study was to evaluate the safety and tol-
erability of single-agent atezolizumab. The anti-tumor activity of
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atezolizumab (objective response rate [ORR], duration of response
[DOR] and progression-free survival [PFS]) was evaluated as a second-
ary objective. Exploratory objectives included preliminary assessment
of potential biomarkers of atezolizumab anti-tumor activity and evalua-
tion of overall survival (0S).

2.5. Assessments and procedures

Safety assessments were performed at screening, throughout the
study and at the treatment discontinuation visit (<30 days after last ad-
ministration of study treatment). Safety follow-up was performed at 60
and 90 days after last administration of study treatment. Adverse events
(AEs) were graded according to National Cancer Institute-Common Ter-
minology Criteria for Adverse Events (NCI-CTCAE) version 4.0.

Tumor response was assessed per RECIST 1.1 and immune-related re-
sponse criteria (irRC) [28,29] every 6 to 12 weeks until disease progres-
sion, death or initiation of further systemic cancer therapy. In patients
who continued study treatment beyond disease progression (per
RECIST 1.1), tumor assessments were also carried out at least every
6 weeks until treatment discontinuation. PD-L1 status at baseline was de-
termined using the Ventana PD-L1 SP142 [HC assay on archival or fresh
tumor biopsy samples (VENTANA Medical Systems, Inc., Tucson, Arizona)
[30] and was assessed on IC (IC3, 210% of PD-L1-expressing IC in the
tumor area; IC2, 25% and <10%; IC1, 21% and <5%; and ICO, <1%) and on
TC (TC3, 250% of PD-L1-expressing TC; TC2, >5% and <50%; TC1, 21%
and <5%; and TCO, <1%). MSI and tumor mutational burden (TMB) analy-
ses were evaluated using the FoundationOne CDX™ next-generation se-
quencing panel (Foundation Medicine Inc., Cambridge, MA). DNA
damage response (DDR) gene-alteration analyses were evaluated per
Foundation Medicine as previously described [31]. A customized
NanoString 800GXCodeSet (NanoString Technologies Inc., Seattle, WA)
was used to evaluate RNA levels of 800 genes associated with ovarian dis-
ease biology [32], including a previously developed transcriptomic
subtyping method [33].

2.6. Statistical analysis

The safety-evaluable population was defined as all patients who re-
ceived 21 dose of atezolizumab treatment. Patients were efficacy
evaluable if they had received >1 mg/kg of atezolizumab in either the
dose-escalation or dose-expansion phase. Patients evaluable for ORR
were required to have measurable disease at baseline. The Clopper-
Pearson method was used to calculate ORR and the corresponding 95%
CIs. DOR, PFS and OS were assessed by the Kaplan-Meier method, and
the 95% CIs for median PFS and OS were estimated using the
Brookmeyer-Crowley method.

3. Results
3.1. Patients and treatment

The epithelial ovarian cancer cohort enrolled 12 patients who re-
ceived atezolizumab (Fig. S1). Three patients were treated in the dose-
escalation phase of the study (0.3 mg/kg atezolizumab, n = 2;
10 mg/kg atezolizumab, n = 1), and 9 patients were treated in the
dose-expansion phase (all 15 mg/kg atezolizumab). All patients were
evaluated for safety, and the 10 patients who received >1 mg/kg
atezolizumab were evaluated for efficacy. In total, 15 patients with uter-
ine cancer were treated with atezolizumab, all in the dose-expansion
phase of the study (15 mg/kg atezolizumab, n = 1; 1200 mg
atezolizumab, n = 14), and all were evaluated for efficacy and safety
(Fig. S1). The date of clinical cutoff for analysis of the epithelial ovarian
and uterine cancer cohorts was December 31, 2016.

The baseline demographics and disease characteristics of the pa-
tients included in the 2 cohorts are shown in Table 1. The median ages
of patients in the epithelial ovarian and uterine cancer cohorts were

Table 1
Baseline demographics and disease characteristics.

Characteristics Epithelial ovarian cancer Uterine cancer

cohort (n = 12) cohort
(n=15)

Age

Median (range), years 60.5 (39-72) 61.0 (20-74)

265 years, n (%) 4(333) 5(33.3)
ECOG PS, n (%)

0 6 (50.0) 7 (46.7)

1 6 (50.0) 8 (53.3)
PD-L1 IC score, n (%)

1C0/1 1(8.3) 10 (66.7)

1C2/3 10 (83.3) 5(33.3)

Unknown 1(8.3) 0

Prior lines of therapy in recurrent

setting, n (%)

1(8.3) 1(6.7)

1 0 6 (40.0)

>2 11 (91.7) 8(53.3)

Prior radiotherapy, n (%) 1(8.3) 10 (66.7)
Most common prior systemic treatments in any setting, n (%)

Cytotoxic chemotherapy 12 (100.0) 15 (100.0)
Platinum chemotherapy 12 (100.0) 14 (93.3)
Taxane 12 (100.0) 14 (93.3)
Anthracycline 10 (83.3) 5(33.3)

Hormonal therapy 1(8.3) 5(33.3)

Anti-angiogenic therapy 9 (75.0) 4(26.7)
Bevacizumab 8 (66.7) 3(20.0)

<3 months from last systemic 9 (75.0) 7 (46.7)
therapy, n (%)

Median CA 125 (range), U/mL" 727.8 (13.3-7726.0) -

Tumor MSI status, n (%)

MSI-H 0 1(6.7)

MSS 6 (60) 12 (80.0)

Unknown 4 (40) 2(13.3)

CA 125, cancer antigen 125; ECOG PS, Eastern Cooperative Oncology Group performance
status; IC, tumor-infiltrating immune cell; MSI-H, microsatellite instability-high; MSS, mi-
crosatellite stable; PD-L1, programmed death-ligand 1.

¢ Data based on the safety-evaluable populations for both cohorts.

b CA 125 levels at baseline were assessed in 9 patients in the epithelial ovarian cancer
cohort.

60.5 years (range, 39-72 years) and 61.0 years (range, 20-74 years), re-
spectively. Approximately half of the patients in each cohort had an
ECOG performance status of 1. No patients in either cohort were chemo-
therapy naive. All 12 patients in the epithelial ovarian cancer cohort had
received >1 prior platinum and 1 prior taxane agent, while 14 patients
(93.3%) in the uterine cancer cohort had received prior therapy with
>1 platinum and 1 taxane agent. One patient (8.3%) with epithelial ovar-
ian cancer and 10 patients (66.7%) with uterine cancer had received
prior radiotherapy.

At the clinical cutoff date, the median duration of treatment was
2.8 months (range, 0-33.4 months) in the epithelial ovarian cancer co-
hort and 4.1 months (range, 0-20.7 months) in the uterine cancer co-
hort. The median number of doses in the epithelial ovarian and
uterine cancer cohorts was 4.5 (range, 1-49) and 7 (range, 1-30), re-
spectively. Remaining on treatment at the date of clinical cutoff were
1 of 12 patients in the epithelial ovarian cancer cohort, who received 1
prior line of therapy and was treated with 15 mg/kg atezolizumab,
and 2 of 15 patients in the uterine cancer cohort, one who received 1
prior line of therapy and the other who received adjuvant therapy but
no prior treatment for metastatic disease; both were given 1200 mg
atezolizumab (Fig. S1).

3.2. Safety

All patients in the epithelial ovarian and uterine cancer cohorts ex-
perienced >1 AE regardless of attribution (Table 2). Treatment-related
AEs occurred in 11 patients (91.7%) in the epithelial ovarian cancer co-
hort and 7 patients (46.7%) in the uterine cancer cohort. Table 3 pro-
vides a summary of treatment-related AEs in the epithelial ovarian
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and uterine cancer cohorts. The majority of treatment-related AEs in ei-
ther cohort were Grade 1-2. The most common any-grade treatment-
related AE in the epithelial ovarian cancer cohort was fatigue in 5 pa-
tients (41.7%), followed by chills, pain and pyrexia, which occurred in
4 patients (33.3%) each. The most common any-grade treatment-
related AEs in the uterine cancer cohort were diarrhea and fatigue,
which occurred in 3 (20.0%) and 2 patients (13.3%), respectively. No
Grade 4 or 5 treatment-related AEs were reported in either cohort.
Grade 3 treatment-related AEs were maculopapular rash and autoim-
mune hepatitis in the epithelial ovarian cancer cohort (n = 1 each);
and diarrhea, colitis and rash in the uterine cancer cohort (n = 1
each), with diarrhea and colitis both occurring in the same patient. All
Grade 3 treatment-related AEs resolved.

Three patients (25.0%) with epithelial ovarian cancer experienced
serious AEs (1 of which, Grade 2 pyrexia, was treatment related), as
did 8 patients (53.3%) with uterine cancer (including 2 treatment-
related AEs: Grade 3 colitis and Grade 3 rash, n = 1 each). One grade
5 AE occurred on study (Table 2): a patient from the uterine cancer co-
hort experienced a grade 5 acute myocardial infarction, which was con-
sidered unrelated to the study drug.

Key AEs of special interest for this study were rash, maculopapular
rash, ulcerative keratitis and autoimmune hepatitis (n = 1 each; 8.3%)
in the epithelial ovarian cancer cohort, and rash (n = 2; 13.3%), colitis
and increased aspartate aminotransferase and bilirubin (n = 1 each;
6.7%) in the uterine cancer cohort. Maculopapular rash and autoim-
mune hepatitis in the epithelial ovarian cancer cohort were Grade 3,
as were increased blood bilirubin, colitis and 1 event of rash in the uter-
ine cancer cohort; all other AEs of special interest were Grade 1-2.

No AEs leading to treatment discontinuation occurred in the epithe-
lial ovarian cancer cohort. One patient (6.7%) with uterine cancer expe-
rienced an AE leading to treatment discontinuation (Grade 4 septic
shock, assessed by the investigator as related to her underlying disease)
(Table 2). AEs leading to treatment interruption were reported in 3 pa-
tients (25.0%) with epithelial ovarian cancer (all treatment related) and
in 8 patients (53.3%) with uterine cancer (2 treatment related)
(Table 2).

3.3. Clinical activity

Table 4 demonstrates the clinical activity of atezolizumab for all pa-
tients in the epithelial ovarian and uterine cancer cohorts and by PD-L1
status. In the epithelial ovarian cancer cohort, the confirmed ORR per
RECIST 1.1 was 22.2% (95% CI: 2.8, 60.0) for the 9 patients in the cohort
who were evaluable for ORR (Table 4). Complete response and partial
response were achieved in 1 patient each (Table 4 and Fig. S2A). The
DOR in the 2 responding patients was 8.1 months and 30.6+ months.

Table 2
Safety summary.

Table 3
Treatment-related AEs. Any-grade AEs occurring in >2 patients and Grade 3 AEs occurring
in 21 patient.

AE, n (%) Any grade Grade 3
Epithelial ovarian cancer cohort (n = 12)

Fatigue 5 (41.7) 0
Chills 4(333) 0
Pain 4(333) 0
Pyrexia 4(33.3) 0
Pruritus 3(25.0) 0
Nausea 3(25.0) 0
Vomiting 3(25.0) 0
Decreased appetite 3(25.0) 0
Asthenia 2(16.7) 0
Dry skin 2(16.7) 0
Hyperhidrosis 2(16.7) 0
Abdominal pain 2(16.7) 0
Dry mouth 2(16.7) 0
Arthralgia 2(16.7) 0
Pain in extremity 2(16.7) 0
Dyspnea 2 (16.7) 0
Anemia 2(16.7) 0
Maculopapular rash 1(8.3) 1(8.3)
Autoimmune hepatitis 1(8.3) 1(8.3)
Uterine cancer cohort (n = 15)

Diarrhea 3(20.0) 1(6.7)
Fatigue 2(13.3) 0
Colitis 1(6.7) 1(6.7)
Rash 1(6.7) 1(6.7)

AE, adverse event.
No treatment-related Grade 4-5 AEs occurred.

The former patient is deceased. The median duration of survival
follow-up was 7.6 months (range, 1.9-33.4 months) in the epithelial
ovarian cancer cohort. Median PFS was 2.9 months (95% CI: 1.3, 5.5),
and the 1-year PFS rate was 20.0% (95% CI: 0, 44.8) per RECIST 1.1
(Table 4). Median OS was 11.3 months (95% CI: 5.5, 27.7), and the 1-
year OS rate was 41.7% (95% Cl: 7.8, 75.6) (Table 4).

In the uterine cancer cohort, the confirmed ORR per RECIST 1.1 was
13.3% (95% CI: 1.7, 40.5) for all 15 evaluable patients in the cohort
(Table 4). Two patients achieved partial response, and none experi-
enced complete response (Table 4 and Fig. S2B). The DOR in the 2
responding patients was 7.3 and 16.6+ months. Of these responding
patients, 1 subsequently discontinued study treatment due to progres-
sive disease. The uterine cancer cohort also included 2 patients who
had a best overall response of stable disease per RECIST 1.1 (Table 4
and Fig. S2B); however, neither of these patients maintained their stable
disease status past 24 weeks. The duration of stable disease in these pa-
tients was 18.4 and 17.6 weeks. Notably, the latter patient had

Patients with indicated event, n
(%)

All safety-evaluable patients

Uterine cancer
cohort (n = 15)

Epithelial ovarian cancer
cohort (n = 12)

> 1 AE (any grade)
Treatment-related AE
Grade 3-4 AE
Treatment-related Grade 3-4 AE
Grade 5 AE
Treatment-related Grade 5 AE
Serious AE
Serious treatment-related AE
Serious AE leading to treatment withdrawal
Serious AE leading to dose interruption
AE leading to treatment withdrawal
AE leading to dose interruption
Treatment-related AE leading to dose interruption

12 (100.0) 15 (100.0)
11 (91.7) 7 (46.7)
6 (50.0) 7 (46.7)
2(16.7) 2(13.3)

0 1(6.7)
0 0
3(25.0) 8(53.3)
1(8.3) 2(13.3)
0 1(6.7)
0 6 (40.0)
0 1(6.7)
3(25.0) 8 (53.3)
3(25.0) 2(13.3)

AE, adverse event.

2 One patient had a Grade 5 acute myocardial infarction that was deemed unrelated to the study drug.



318

Table 4

Clinical activity by PD-L1 status on IC.
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Epithelial ovarian cancer cohort

Uterine cancer cohort

1C0/1 1C2/3 All patients 1C0/1 1C2/3 All patients
n=1 n=_§8 n=29 n=10 n=>5 n=15
ORR per RECIST 1.1, n (%) 0 2 (25.0) 2(22.2) 0 2 (40.0) 2(13.3)
95% CI for ORR (0,97.5) (3.2,65.1) (2.8,60.0) (0,30.9) (5.3,85.3) (1.7,40.5)
Best confirmed response, n (%)
CR 0 1(12.5) 1(11.1) 0 0 0
PR 0 1(12.5) 1(11.1) 0 2 (40.0)? 2(13.3)
SD 0 0 0 1(10.0) 1(20.0) 2(13.3)
PD 0 5(62.5) 5(55.6) 7 (70.0) 2 (40.0) 9 (60.0)
NE 1(100.0) 1(12.5) 2(22.2) 2(20.0) 0 2(13.3)
Disease control rate® 0 2(25.0) 2(22.2) 0 2 (40.0) 2(13.3)
n=1 n=9 n= 10 n= 10 n=>5 n=15
Median PFS (95% CI), months 5.2 (NE) 2.6 (1.3,5.5) 2.9(1.3,5.5) 14(13,1.7) 4.2 (1.2,NE) 1.4 (1.3,4.0)
1-year PFS rate (95% CI), % NE 22.2 (0,494) 20.0 (0, 44.8) NE 20.0 (0, 55.1) 6.7 (0,19.3)
Median OS (95% CI), months 5.2 (NE) 113 (5.5,27.7) 113 (5.5,27.7) 7.2 (44,13.5) 38.2 (5.5,38.2) 9.6 (6.8,13.8)
1-year OS rate (95% CI), % NE 46.9 (10.3, 83.4) 41.7 (7.8,75.6) 30.0 (1.6,58.4) 60.0 (17.1,100.0) 40.0 (15.2,64.8)

CR, complete response; IC, tumor-infiltrating immune cell; NE, not evaluable; ORR, objective response rate; OS, overall survival; PD, progressive disease; PD-L1, programmed death-ligand
1; PFS, progression-free survival; PR, partial response; RECIST, Response Evaluation Criteria in Solid Tumors; SD, stable disease.
2 One patient achieved an unconfirmed CR.
b Disease control rate is defined as the percentage of patients with a best response of CR, PR or SD for >24 weeks.

leiomyosarcoma. The median duration of survival follow-up was
20.4 months (range, 0.6-38.2 months) in the uterine cancer cohort. Me-
dian PFS was 1.4 months (95% Cl: 1.3, 4.0), and the 1-year PFS rate was
6.7% (95% ClI: 0, 19.3) per RECIST 1.1 (Table 4). Median OS was
9.6 months (95% CI: 6.8, 13.8), and the 1-year OS rate was 40.0% (95%

Cl: 15.2, 64.8) (Table 4). Responses to atezolizumab per RECIST 1.1
and irRC were concordant; however, 1 patient with uterine cancer
who had progressive disease per RECIST 1.1 had stable disease by irRC
and had received atezolizumab treatment for over 20 months (treat-
ment was still ongoing at the clinical cutoff).

Table 5
Tumor biomarker classification and response status.
Best overall response per Histology subtype Molecular PD-L11IC PD-L1 TC MSI TMB? HRD® DDR gene PIK3CA
RECIST 1.1 subtype status status status alterations® mutant
Epithelial ovarian cancer cohort (n=10)
PR Serous Immunoreactive (@] TCO MSS Low No No No
PR Mixed (endometrioid Immunoreactive IC3 TCO — — — — —
95%/clear cell < 5%)
PD Endometrioid Immunoreactive IC3 TCO — - — -
PD Serous Immunoreactive 1C2 TCO — — — — -
PD Serous Immunoreactive IC3 TCO — — — No No
PD Serous Immunoreactive 1C2 TCO MSS Intermediate Yes BRCA1 No
PD Serous Immunoreactive IC3 TCO MSS Low Yes No No
NA Serous - IC2 TCO MSS Intermediate Yes No No
NE Serous Differentiated ICo TCO MSS Low No No No
NE Serous Immunoreactive 12 TC1 MSS Low Yes No No
Uterine cancer cohort (n=15)
PR Endometrioid - 1C3 TC2 — — - No Yes
PR Endometrioid - 12 TCO MSI-H High¢ - ATM Yes
SD Endometrioid - IC2 TCO MSS Intermediate  — No Yes
SD Leiomyosarcoma — ICO TCO MSS Low No No No
PD Serous — ICO TCO MSS Low — No Yes
PD High-grade endometrial stroma — ICO TCO MSS Low No No No
sarcoma
PD® Endometrioid — IC1 TCO — — — No No
PD Endometrioid - IC1 TCO MSS Low - No Yes
PD Endometrioid - IC1 TCO MSS Intermediate  Yes No No
PD Serous - ICo TCO MSS Intermediate Yes BRCA1 No
PD Serous — ICO TCO MSS Low Yes No No
PD Serous - IC2 TCO MSS Low - No Yes
PD Serous — IC3 TCO MSS — — BRIP1 No
NA Endometrioid - IC1 TC1 MSS Low - No No
NE Endometrioid - ICo TCO MSS — - No Yes

DDR, DNA damage response; IC, tumor-infiltrating immune cell; LOH, loss of heterozygosity; HRD, homologous recombination deficiency; Mb, megabase; MSI, microsatellite instability;
MSI-H, microsatellite instability high; MSS, microsatellite stable; Mut, mutations; NA, not applicable; NE, not evaluable; PD, progressive disease; PD-L1, programmed death-ligand 1;
PIK3CA, phosphatidylinositol-4,5-bisphosphate 3-kinase catalytic subunit c¢; PR, partial response; SD, stable disease; TC, tumor cell; TMB, tumor mutational burden.

¢ TMB low, 20 to < 6Mut/Mb; TMB intermediate, >6 to <16Mut/Mb; TMB high, >16 Mut/Mb.

> HRD, >14% genomic LOH.

¢ DDR genes analyzed included the following: ATM, ATR, BLM, BRCA1, BRCA2, BRIP1, CHEK1, CHEK2, ERCC4, FANCA, FANCC, FANCD2, FANCE, FANCF, FANCG, FANCL, FANCM, MLH1, MSH2,
MSH6, MUTYH, NUDT1, PALB2, PARP1, PARP2, PARP3, PMS2, POLD1, POLE, PRKDC, RAD51C, RPA1, TP53. All gene mutations described had a known or expected loss of function.

4 TMB=221 Mut/Mb.

¢ This patient was classified as having PD per RECIST 1.1 but had stable disease by irRC. The patient received atezolizumab treatment for >19 months, and treatment was ongoing at the

time of clinical data cutoff.
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3.4. Biomarkers of atezolizumab clinical activity

Baseline tumor biomarkers were evaluated for patients in both co-
horts. Baseline levels of PD-L1 expression on IC in patients with uterine

A Epithelial ovarian cancer cohort by PD-L1 IC status
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cancer are shown in Fig. S3 and were higher in responders compared
with patients with stable or progressive disease. All responses to
atezolizumab across the 2 cohorts occurred in patients with 1C2/3
tumor status (Table 5). Patients with an IC2/3 status also had
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Fig. 1. Kaplan-Meier plots of PFS per investigator-assessed RECIST 1.1 and OS by PD-L1 IC status in (A) the epithelial ovarian cancer cohort and (B) the uterine cancer cohort.
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numerically longer PFS (uterine cancer cohort only) and OS compared
with patients with 1CO/1 status (Fig. 1), although patient numbers are
small in several subgroups. The single patient with epithelial ovarian
cancer whose tumor was not IC2/3 (IC0O) experienced rapid progression,
although this observation was not evaluable per RECIST 1.1.

Most patients in the epithelial ovarian cancer cohort had serous tu-
mors and an RNA-based immunoreactive molecular subtype [32,33],
while most patients in the uterine cancer cohort had endometrioid tu-
mors (Table 5). One RECIST 1.1 responder with epithelial ovarian cancer
had serous histology, and the other had mixed histology (both had the
immunoreactive molecular subtype). Both RECIST 1.1 responders with
uterine cancer had endometrioid histology. Identified DDR gene alter-
ations are summarized in Table 5. Neither of the patients with germline
BRCA1 mutations (1 per cohort) achieved a response. Both responders
in the uterine cancer cohort had tumors with PIK3CA mutations, 1 of
whom was also the only patient evaluated with an ATM mutation,
MSI-H status and TMB high status (Table 5). Although 2 POLE mutations
were detected in this patient, neither was deemed likely to impact the
DNA proofreading activity of the enzyme.

In addition to baseline tumor biomarkers, circulating cancer antigen
(CA) 125 levels were assessed at baseline (n = 9) in patients in the ep-
ithelial ovarian cancer cohort. The median CA 125 level was 727.8 U/mL
(range, 13.3-7726.0 U/mL) (Table 1), and responders had lower CA 125
levels at baseline compared with the non-responders (data not shown).

4. Discussion

The Phase I, multi-center, first-in-human, open-label, dose-
escalation PCD4989¢ study reported here investigated the safety and
preliminary anti-tumor activity of atezolizumab and characterized po-
tential biomarkers of response in patients with metastatic/recurrent ep-
ithelial ovarian or uterine cancer. Atezolizumab was generally well
tolerated in heavily pre-treated patients with epithelial ovarian and
uterine cancer. No new safety signals were identified, and the safety
profile was similar to the known safety profile of atezolizumab mono-
therapy. Treatment-related AEs were mostly Grade 1 or 2, with no
treatment-related Grade 4 or 5 AEs reported.

Preliminary evidence of anti-tumor activity, with long durability of
response, was observed in 2 patients from each cohort. All 4 responding
patients had at least PD-L1 IC2 status. One patient in the epithelial ovar-
ian cancer cohort had a microsatellite stable (MSS) tumor with low
TMB; 1 patient in the uterine cancer cohort had a tumor with high
MSI and high TMB, while the remaining 2 patients did not have enough
tissue for evaluation. The tumors from both responders in the epithelial
ovarian cancer cohort were of the immunoreactive molecular subtypes,
as determined by RNA-based NanoString classifiers [32,33]; both these
patients had received 5 prior systemic therapies and no prior radiation
therapy, while the 2 responders in the uterine cancer cohort each had
3 prior systemic therapies, with 1 patient also having prior radiation
therapy. DOR in the 2 patients in the epithelial ovarian cancer cohort
was 8.1 and 30.6+ months, and DOR in the 2 patients in the uterine can-
cer cohort was 7.3 and 16.6+ months. In the uterine cancer cohort, 1 pa-
tient who was classified as having progressive disease per RECIST 1.1
had stable disease by irRC. This patient received atezolizumab treatment
for >19 months, and treatment was ongoing at the time of clinical data
cutoff. Another patient in the uterine cancer cohort, the only one whose
tumor was MSI-H, reportedly had a complete response clinically but
was classified as having a partial response per RECIST 1.1, likely due to
the inherent limitation of assessing tumor responses using RECIST
when non-target nodal lesions are present.

The tumor biology of epithelial ovarian and uterine cancers provide
rationale for treatment with targeted agents, including cancer immuno-
therapies. In both cohorts in our study, responses were observed only in
patients with PD-L1 IC2/3 tumors, and PD-L1 expression on TC was un-
common. We also present the first report demonstrating responsive-
ness to an anti-PD-L1/PD-1 agent in epithelial ovarian cancer of the

immunoreactive subtype; however, the patient with epithelial ovarian
cancer whose tumor was of the differentiated molecular subtype, typi-
cally associated with a good prognosis, progressed quickly. Our findings
from the uterine cancer cohort were largely consistent with other re-
ports of immune checkpoint inhibition [34]. While MSI-H has been ac-
cepted as a tumor-agnostic biomarker for response to immune
checkpoint inhibition, we observed a patient from the epithelial ovarian
cancer cohort who achieved a partial response to atezolizumab despite
being MSS. This finding suggests that multiple factors may predict re-
sponse to immune checkpoint inhibition (e.g., presence of immunoreac-
tive molecular subtype, high levels of PD-L1 expression [IC2]).

Patients with DDR mutations (e.g., BRCA) appeared to have higher
TMB levels (intermediate) than those without DDR mutations, and the
patient from the uterine cancer cohort with the MSI-H tumor also had
high TMB. No patients with BRCA mutations in either cohort responded
to atezolizumab, nor did they have high TMB. Homologous recombina-
tion deficiency (HRD), measured as genomic loss of heterozygosity
>14%, was also not associated with response or high TMB (Table 5), con-
sistent with other recent data in epithelial ovarian cancer [35]. One of
the 2 responding patients with uterine cancer was MSI-H with high
TMB. This observation is in line with data demonstrating responsiveness
to checkpoint inhibitors in MMR-deficient tumors of other cancers [20].
Both responders with uterine cancer had activating PIK3CA mutations,
suggesting that the PI3K pathway, which has previously been proposed
as a possible mechanism of resistance to checkpoint inhibitors [36], may
not be as relevant for uterine cancer immune evasion.

Our study is the first trial to report the use of atezolizumab mono-
therapy in gynecologic cancers. The limitations of this study include
small cohort sizes, the single-arm study design (lacking comparison
with standard treatment regimens), PD-L1-selected enrollment periods
(limiting comparison with the overall patient populations) and multiple
lines of previous therapy (giving rise to heterogenous patient popula-
tions in each cohort).

Similar to other studies with checkpoint inhibitors [34,37-40], these
limited data suggest that this class of agents is safe in gynecologic cancers
and may have clinical activity warranting further investigation as poten-
tial treatment options. As several potential biomarkers like HRD and
TMB (if intermediate) do not appear to correlate with response, and re-
sponse rates are modest even in patients with PD-L1 1C2/3 tumors,
these data highlight the challenges in identifying appropriate
biomarker-selected patients for immune checkpoint inhibitor monother-
apy. The anti-tumor activity of atezolizumab may be further enhanced
through combination with chemotherapies as well as other targeted
anti-cancer agents (e.g., with vascular endothelial growth factor-
targeting agents or PARP inhibitors). Several Phase III studies of combi-
nation treatment regimens with atezolizumab and other immune
checkpoint inhibitors are currently ongoing in patients with epithelial
ovarian and uterine cancers (e.g., ClinicalTrials.gov IDs NCT03038100,
NCT03353831, NCT02891824, NCT03598270, NCT03522246,
NCT03642132, NCT02839707, NCT03603184, NCT03517449). These
trials reflect the promise of cancer immunotherapy in transforming
the treatment landscape for women with ovarian and uterine cancers;
however, there remains room for improvement. Biomarker analyses in
this study highlight several correlates of atezolizumab anti-tumor activ-
ity that supplement existing data in the field and warrant further
investigation.
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