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ABSTRACT
Immunotherapy as a therapeutic strategy has seized the narrative throughout clinical oncology over the
past few years. Once considered a niche treatment for rare cancers, immunotherapy has quickly emerged
as the standard of care for many common cancer types. The remarkable rise is largely due to the
development of novel checkpoint inhibitors, specifically, antibodies targeting PD-1 and PD-L1. Offering
promising efficacy with a favorable toxicity profile, these agents have been approved for use in several
malignancies and are under investigation for many more. One of the more appealing features is the
chance for meaningful, durable response – uncharacteristic for most cancer therapies. Atezolizumab is a
humanized IgG1 monoclonal antibody that targets PD-L1. Atezolizumab has been approved for use in the
treatment of advanced non-small cell lung cancer (NSCLC) and bladder cancer and has shown promising
activity in several other types of cancer. Here, we provide a product review for atezolizumab.
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Introduction

The role of the immune system in the development and
treatment of malignancy has been studied for decades. Early
attempts to enhance an anti-cancer immune response using
cytokines were met with significant toxicity, balanced with
the potential for long-term disease control.1 Use of this
high-risk, high-reward treatment was initially limited to
experienced centers and a subset of patients. With the
development of checkpoint inhibitors, immunotherapy
could be extended to a larger physician and patient base.
Monoclonal antibodies targeting CTLA-4 showed impressive
activity that led to the approval of ipilimumab in advanced
melanoma.2,3 However, it was the introduction of monoclo-
nal antibodies targeting Programmed Cell Death Protein-1
(PD-1) or its ligand PD-L1, that brought immunotherapy to
a wider patient base. With a much more favorable toxicity
profile and activity in multiple cancer types, PD-1 and PD-
L1 inhibitors quickly evolved from novel, investigational
agents used in relatively uncommon cancers to the first-line
standard of care for some of the most common cancers in
the world. Atezolizumab is a monoclonal antibody that tar-
gets PD-L1, the first PD-L1 inhibitor to receive FDA
approval and one whose use is rapidly expanding. While
data is still maturing, much is already known about this
agent and its evolving role in oncology.

Background

PD-1 is a member of the CD28 immunoglobulin family
expressed by CD4C and CD8C T cells4 that interacts with
ligands in the B7 family, PD-L1 and PD-L2. PD-L1 (B7-H1,

CD274) is a type 1 transmembrane protein expressed on
tumor cells, antigen presenting cells (APCs) including den-
dritic cells, macrophages and B cells, and activated T cells.
PD-L2 (B7-DC, CD273) expression, however, is limited to
APCs. The interaction of PD-1 with PD-L1 suppresses T
cell proliferation and cytokine secretion,5 inhibiting late
phase immune responses.4,6 Monoclonal antibodies targeting
PD-1 can facilitate an anti-tumor immune response and
have demonstrated durable responses in a variety of cancer
types.7–14 Antibodies that target PD-L1 would preserve the
interaction between PD-1 and its other ligand, PD-L2. PD-
L2 may play a role in immune tolerance and effector T cell
response.6 Differences between targeting PD-1 and PD-L1
are of unclear significance, as PD-1 inhibitors have not
been directly compared to PD-L1 inhibitors.

Atezolizumab (Genentech/Roche), formerly MPDL3280A
and now marketed under the trade name Tecentriq, is a geneti-
cally engineered, humanized IgG1 monoclonal antibody to PD-
L1 produced in Chinese Hamster Ovary (CHO) cells. Atezoli-
zumab binds to PD-L1 and prevents the interaction between
PD-L1 and its receptors PD-1 and B7–1 (or CD80). The Fc
region of atezolizumab has been engineered to reduce Fc effec-
tor function and minimize antibody-dependent cell-mediated
cytotoxicity (ADCC).15 This prevents antibody mediated hypo-
thetical loss of PD L1 expressing T-effectors cells and hence
antitumor activity. In conclusion, atezolizumab immunologi-
cally interrupts PD L1 –PD1 axis, hence prevents T cell exhaus-
tion, downstream inhibition of cytokines and late phase
immune response. Biologically it avers antibody mediated PD
L1 expressing T effector cells annihilation and hence antitumor
activity.
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Preclinical studies

PRO304397 is a reverse chimera and mouse IgG2a variant anti-
body to murine PD-L1. Preclinical studies of PRO304397 in
mice and atezolizumab in cynomolgus monkeys15 revealed a
dose-dependent pharmacokinetic profile at doses of 0.5 to
5 mg/kg and an approximately linear profile at doses of 5–
20 mg/kg. At doses of 0.5 mg/kg, there is approximately 96%
saturation of PD-L1 based on PD-L1 occupancy in peripheral
blood lymphocytes. Distribution into tumors increased in a
dose-dependent manner

Administration

The recommended dose for atezolizumab is a fixed dose of
1200 mg (approximately 15 mg/kg) given over a 1 hour intrave-
nous infusion with no premedication every 21 days. The opti-
mal duration of treatment is unclear and most clinical trials
continued treatment until disease progression or unacceptable
toxicity or loss of clinical benefit. Additional data is needed to
determine optimal duration of treatment.

Biomarker

The need for a predictive biomarker to guide use of checkpoint
inhibitors is readily apparent. In early studies of PD-1 inhibi-
tors in NSCLC, the median duration of response exceeded the
median overall survival,8 suggesting the durable benefit was
limited to a subset of patients. Identification of these patients
would permit proper delivery of the available checkpoint inhib-
itors and facilitate study of novel approaches in patients
unlikely to respond. The intuitive biomarker is PD-L1 expres-
sion, but studies have been challenging. In patients with previ-
ously treated non-squamous NSCLC, expression of PD-L1 did
correlate with response to nivolumab8 whereas no such rela-
tionship was seen in squamous NSCLC.7 Adding to the chal-
lenge is the presence of multiple assays and approaches for
scoring PD-L1 expression, discussed at length elsewhere.16

PThe SP-142 Ventana PD-L1 assay has been approved as a
complementary diagnostic for atezolizumab. This assay consid-
ers expression of PD-L1 on tumor cells (TC) and on tumor
infiltrating immune cells (IC). Specimens are scored based on
the number of cells with expression, not on intensity (Table 1).
The limit of detection (LOD) is 1% for both IC and TC. The IC
status does not necessarily correlate with the TC status. In the
POPLAR study of patients with NSCLC, 26% of patients had
both TC and IC expression but an additional 30% had some IC
expression and no TC expression and 11% had TC expression
without IC expression.17 At the highest levels (TC3 and IC3),

there was almost no overlap but benefit in both groups. A few
patients with lower or no PDL1 expression also benefited from
the treatment. The patients with higher PD-L1 expression
trended to derive greater benefit but biomarkers with improved
sensitivity and specificity are still needed.

Clinical studies

Phase I –monotherapy

A phase I study of atezolizumab explored weight-based dosing
levels from 0.01 mg/kg to 20 mg/kg in 277 patients with
advanced cancer.18 Similar to other agents in this class, no max-
imum tolerated dose was identified. The pharmacokinetic pro-
file was consistent with the expected profile for an IgG1
antibody. The serum half-life was 3 weeks. Drug levels were
maintained at a dose of 15 mg/kg and a fixed dose of 1200 mg
every 3 weeks was selected for future study.

Atezolizumab was well tolerated as a single agent. The inci-
dence of grade 3–4 treatment related adverse events (AEs) was
12.6% with a low (1%) incidence of immune related grade 3–4
treatment related AEs. Specifically, there were only 3 cases
(1.1%) of grade 3–4 aspartate aminotransferase (AST) increase,
3 cases of grade 3–4 alanine aminotransferase (ALT) increase
and no cases of grade 3–5 pneumonitis. The response rate (RR)
in 175 evaluable patients was 18% with activity seen in multiple
tumor types, including non-small cell lung cancer (NSCLC, RR
21%), melanoma (RR 26%) and renal cell carcinoma (RCC, RR
13%). The overall median progression free survival (PFS) was
18 weeks. Based on promising activity, atezolizumab mono-
therapy was then explored in several disease specific studies
and several combination studies were initiated.

Non-small cell lung cancer –monotherapy

Several phase II/III studies (Table 2) assessed the activity
of atezolizumab in NSCLC including BIRCH
(NCT02031458), FIR (NCT01846416), POPLAR
(NCT01903993) and OAK (NCT2008227). In all of these
studies, atezolizumab was given at a fixed dose of 1200 mg
intravenously every 21 days.

The phase II BIRCH trial19 included 659 patients with
advanced, stage IIIB or IV NSCLC in one of three separate
cohorts: first line (1L), second line (2L) and third line (3L). All
enrolled patients had tumors expressing PD-L1 in at least 5%
of tumor cells or immune cells (TC2/3 or IC2/3), evaluated cen-
trally. The primary endpoint was RR by independent review.
Interim results were presented for the three cohorts (1L, n D
139; 2L, n D 268); 3L, n D 252). The RR was 24%, 19% and
19% for 1L, 2L and 3L, respectively. Among patients with
strong PD-L1 expression (TC3/IC3), the response rate was
higher, at 32%, 25% and 30%, respectively. Responses were
durable with a median duration of response of 13.1 months for
1L and 14.1 months for 2L/3L. Median overall survival (OS)
was 20.1 months in the treatment na€ıve cohort and 14.7 months
for previously treated patients.

FIR was another single arm phase II study of atezolizumab
that also had three cohorts: first line (1L), second line and
beyond with no brain metastases, and second line and beyond

Table 1. SP -142 Ventana PD L -1 assay.

Tumor cells PD-L 1
expression (TC PD- L1)

Immune cells PD-L 1
expression (IC PD- L1)

Grade
% of PD – L1

expression Grade
% of PD – L1

expression

TC 3 � 50 IC 3 � 10
TC 2 5–49 IC 2 5–9
TC 1 1–4 IC 1 1–4
TC 0 <1 IC0 <1
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with treated brain metastases. Eligible patients were PD-L1 pos-
itive by central review using the SP142 antibody (TC2/3, IC2/
3). An interim report20 noted a RR of 29% in the first line
cohort, 17% in the pretreated patients with no brain metastases,
and 17% in the pretreated patients with treated brain metasta-
ses, though the sample size was small (n D 31, n D 71, n D 12,
respectively). Responses were higher in the TC3/IC3 patients.

With promising results from single arm studies, the phase II
randomized POPLAR trial was launched comparing atezolizu-
mab to docetaxel (75 mg/m2 every 3 weeks) in patients with
NSCLC previously treated with platinum-based chemother-
apy.17 Atezolizumab continued until loss of clinical benefit in
the absence of unacceptable toxicity and docetaxel continued
until disease progression or unacceptable toxicity. The study
randomized 287 patients with 1–2 prior lines of therapy. PD-
L1 expression was not required but patients were stratified by
PD-L1 status as well as histology and number of prior lines of
therapy. The primary endpoints were OS in the intention-to-
treat (ITT) population and the PD-L1 subgroups; no crossover
from docetaxel to atezolizumab was permitted though 7
patients received subsequent PD-1 or PD-L1 inhibitors. The
study met its primary endpoint, as atezolizumab improved OS
compared with docetaxel (HR 0.73, 95% CI 0.53–0.99, p D
0.04) in the ITT analysis. The median OS with atezolizumab
was 12.6 months compared to 9.7 months with docetaxel. The
improvement was more pronounced with greater PD-L1
expression. In the TC2/3 and IC2/3 subgroup (HR 0.54, 05%
CI 0.33–0.89) and the TC1/2/3 and IC1/2/3 subgroup (HR

0.59, 95% CI 0.40–0.85), survival was superior with atezolizu-
mab compared to docetaxel while in the TC0 and IC0 sub-
group, survival was similar in both arms. PD-L1 expression did
not predict docetaxel efficacy. The PFS with atezolizumab was
2.7 months, similar to the PFS of 3.0 months with docetaxel.
The response rate in both arms was 15%, though responses
were much more durable with atezolizumab (14.3 months vs.
7.2 months) and atezolizumab improved survival in patients
who achieved a response and those who did not. Outcomes for
57 patients who continued atezolizumab beyond RECIST pro-
gression were presented.21 Among these patients, 14% had
achieved a subsequent response and 33% achieved stable dis-
ease after their initial progression. The OS from progression
was 11.1 months in patients who continued atezolizumab after
progression (n D 57) and 8.3 months in the patients who
received an alternate therapy (n D 30), though there are many
confounders in this type of analysis. Patients in the docetaxel
arm who received subsequent therapy after progression (n D
46) had an OS of 9.6 months from the time of progression.

In POPLAR, atezolizumab had a favorable toxicity profile.
Grade 3–4 AEs were less common with atezolizumab (40% vs.
53%) as were treatment-related grade 3–4 AEs (11% vs. 39%).
Treatment related AEs that led to dose modification or inter-
ruption were also less common with atezolizumab (11% vs.
24%) and discontinuation due to AEs was seen in only 1% of
patients receiving atezolizumab, compared to 18% with doce-
taxel. There was 1 grade 5 treatment related AE in the atezoli-
zumab arm (cardiac failure) and 3 in the docetaxel arm.

Table 2. Results of Phase II/III trials for NSCLC.

Number of patients (N D 100%) ORR % Median PFS, months OS, months Median DOR, months

BIRCH19 1L 139 24 7.3 20.1 13.1
2L 268 19 2.8 15.5 14.1
3LC 252 19 3.0 13.2 14.1

FIR20 1L 31 29 39 NR NR
2LC 71 17 35 NR 12
2LbC 12 12 NE NR NR

OAK22 Atz Dox Atz Dox Atz Dox Atz Dox Atz Dox

ALL 425 425 14 13 2.8 4.0 13.8 9.6 16.3 6.2
IC-TC 0 180 199 7.8 10.6 2.6 4.0 12.6 8.9 NE 6.2
IC-TC 1/2/3 241 222 17.8 16.2 2.8 4.1 15.7 10.3 16.0 6.2
IC-TC 2/3 129 136 22.5 12.5 3.6 4.1 16.3 10.8 14.7 9.2
IC-TC 3 72 65 30.6 10.8 3.3 4.2 20.5 8.9 12.5 6.3

POPLAR17 Atz (144) Dox (143) Atz Dox Atz Dox Atz Dox Atz Dox

ALL 287 14.6 14.7 2.7 3.0 12.6 9.7 14.3 7.2
IC-TC 0 92 7.8 9.8 1.7 4.1 9.7 9.7 NR NR
IC-TC 1/2/3 195 18.3 16.7 2.8 3.0 15.5 9.2 NR NR
IC-TC 2/3 105 22.0 14.5 3.4 2.8 15.1 7.4 NR NR
IC-TC 3 47 37.5 13.0 7.8 3.9 15.5 11.1 NR NR

NR- Not reported; NE- Not evaluable; Atz- Atezolizumab; Dox- Docetaxel; ORR –Overall response rate; PFS- Progression free survival; OS- Overall survival; DOR- Duration of
response; L- Line of treatment; b- treated asymptomatic brain metastases; IC –Immune cell; TC- Tumor cell.

Table 3. Results of IMvigor 210; Phase II study of atezolizumab as a single agent in locally advance or metastatic bladder cancer patients.

Number of patients
(N ¡100%)

Any Grade
TrAEs(%)

Grade �3
TrAEs(%) OS, months

Median PFS,
months ORR(%)

Treatment na€ıve and cisplatin ineligible24 119 66 16 15.9 2.7 23
Progressed on or following platinum-based chemotherapy25 310 69 16 7.9 2.1 45

ORR –Overall response rate; PFS- Progression free survival; OS- Overall survival; TrAES- Treatment related adverse events.
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Immune related AEs with atezolizumab were noted but were
uncommon: increased AST in 4%, increased ALT in 4%, pneu-
monitis in 3%, and colitis in 1%.

The randomized phase III OAK study randomized 850
patients to atezolizumab or docetaxel 75 mg/m2 every 3 weeks.22

Similar to POPLAR, eligible patients had stage IIIB or IV
NSCLC with 1–2 prior lines of therapy (including platinum-
based chemotherapy). PD-L1 expression was not required;
patients were stratified by PD-L1 expression, histology and
number of prior lines of therapy (1 vs. 2). The co-primary end-
points were OS in the ITT population and the PD-L1 positive
cohort (TC1/2/3 or IC1/2/3). The study also met its primary
endpoint. In the ITT population, OS was better with atezolizu-
mab compared to docetaxel (13.8 months vs. 9.6 months; HR
0.73, 95% CI 0.62–0.87, p D 0.0003). Atezolizumab was also
superior to docetaxel in the PD-L1 positive population
(15.7 months vs. 10.3 months; HR 0.74, 95% CI 0.58–0.93, p D
0.0102). The greatest benefit was noted in patients with the
highest PD-L1 expression (TC3 or IC3), with a median OS of
20.5 months with atezolizumab vs. 8.9 months with docetaxel.
However, in the TC0 and IC0 subgroup, atezolizumab was still
superior with a median OS of 12.6 months vs. 8.9 months. Of
note, 17% of patients in the docetaxel arm received subsequent
immunotherapy. Subsequent chemotherapy was given to 41%
of the patients in the atezolizumab arm and 31% in the doce-
taxel arm. While OS was superior with atezolizumab, PFS was
similar in both arms (2.8 months with atezolizumab vs.
4.0 months with docetaxel; HR 0.95, 95% CI 0.82–1.10) sup-
porting the challenges of PFS as a useful endpoint with immu-
notherapy. The RR was similar in the two arms (14% with
atezolizumab vs. 13% with docetaxel) but the duration of
response was much greater with atezolizumab (16.3 months vs.
6.2 months). Predefined subgroup showed atezolizumab was
superior to docetaxel regardless of histology, presence of treated
CNS metastases and smoking status but no significant differ-
ence was seen in the subgroup of patients with a sensitizing
mutation in EGFR (HR 1.24, 05% CI 0.71–2.18).

Consistent with prior experience, atezolizumab offered a
superior safety profile to docetaxel. The most common atezoli-
zumab-related AEs of any grade were fatigue (14%), nausea
(9%), decreased appetite (9%) and asthenia (8%). Grade 3–4
treatment related AEs were seen in 15% of patients treated with
atezolizumab and 43% of patients with docetaxel. The inci-
dence of immune-mediated AEs was low including pneumoni-
tis (1% any grade, <1% grade 3), hepatitis (<1%), and colitis
(<1%). AEs leading to discontinuation were noted in 8% of
patients with atezolizumab and 19% of patients with docetaxel.
Based on efficacy and safety in the OAK and POPLAR studies,
atezolizumab was approved for use in patients with NSCLC
after progression on platinum-based chemotherapy regardless
of PD-L1 status.

Bladder cancer –monotherapy

The phase I study of atezolizumab also demonstrated prom-
ising efficacy in a cohort of patients with previously treated
urothelial bladder cancer.23 Entry into the cohort was ini-
tially limited to patients with PD-L1 expression on tumor
infiltrating immune cells but this requirement was later

removed. Ultimately, 68 patients were treated in this cohort.
The median duration of treatment was 65 days and atezoli-
zumab was well tolerated. While 57% of patients reported a
treatment related AE, only 4% were grade 3 in severity (one
case each of asthenia, thrombocytopenia and hypophospha-
temia). The most common immune-mediated AEs reported
were decreased appetite (only grade 1–2) and fatigue (only
grade 1–2). The overall response rate was 26% with a higher
response rate in patients with higher PD-L1 expression
(IC2/3 RR 43%) than those with low or no expression (IC/1
RR 11%). Among patients with IC2/3 tumors and a mini-
mum of 12 weeks of follow up, the RR was 52%. PD-L1
expression on tumor cells did not correlate with response
in this study. The efficacy seen in this study prompted a
larger phase II study, IMvigor 210, which explored the effi-
cacy of atezolizumab in treatment na€ıve patients ineligible
for cisplatin therapy (cohort 1) and patients previously
treated with platinum-based chemotherapy (cohort 2), irre-
spective of PD-L1 expression (Table 3).

In cohort 1 of IMvigor 210, treatment na€ıve patients with
advanced urothelial cancer who were ineligible for cisplatin
were given atezolizumab at a dose of 1200 mg every 3 weeks
until progression.24 Cisplatin ineligibility was defined as a glo-
merular filtration rate between 30–60 mL/min, grade 2 or
higher hearing loss, grade 2 or higher neuropathy or an ECOG
performance status of 2. In this cohort, 119 patients were
treated with atezolizumab with a median treatment duration of
15 weeks. The safety profile was comparable to other studies.
Treatment related AEs seen in at least 10% of patients included
fatigue, diarrhea and pruritis. Grade 3–4 treatment related AEs
were seen in 16% of patients including fatigue (3%), increased
ALT (3%), increased AST (3%) and there was one treatment
related grade 5 event (sepsis). The primary endpoint was RR
which was 23% overall with a 9% complete response (CR) rate.
The median time to response was 2.1 months though late
responses were noted and the duration of response had not yet
been reached. Responses were seen in both PD-L1 positive and
negative tumors. The median OS was 15.9 months though the
median PFS was only 2.7 months. These data led to the
approval of atezolizumab for cisplatin-ineligible patients with
advanced urothelial bladder cancer.

Cohort 2 of IMvigor 210 included patients with advanced
urothelial bladder cancer who had progressed after platinum-
based chemotherapy.25 In this cohort, 310 patients were treated
with atezolizumab 1200 mg every 3 weeks until progression.
Median duration of treatment in this cohort was 12 weeks.
Treatment related AEs were seen in 69% of patients, though
only 16% were grade 3–4 and there were no treatment related
deaths. Fatigue was the most common grade 3–4 treatment
related AE (2%). Immune mediated AEs (any grade) were seen
in 7% of patients including 2 cases each (1%) of pneumonitis,
increased ALT, increased AST, rash and dyspnea. The overall
RR was 15% but RR was higher in patients with PD-L1 expres-
sion. In the IC2/3 group, RR was 26% and in the IC1/2/3 group,
the RR was 18%. There was also a 5% rate of CR which was
higher in the IC1/2/3 group (6%) and the IC2/3 group (11%).
These data supported the approval of atezolizumab for
advanced urothelial cancer following progression on platinum-
based chemotherapy.
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Triple-negative breast cancer –monotherapy

Triple-negative breast cancer (lacking expression of estrogen
receptor and progesterone receptor and with no overexpression
or amplification of HER2) continues to be an area of unmet
need and while there are no approved immunotherapy agents
for this disease, the prognostic value of tumor-infiltrating lym-
phocytes in triple-negative breast cancer provides rationale for
their study.26 An expansion cohort of the phase I study of ate-
zolizumab included patients with triple-negative breast cancer.
Patients received atezolizumab 15 mg/kg or 20 mg/kg (later
changed to 1200 mg) every 3 weeks for 1 year. Initially, enroll-
ment was limited to TC2/3 or IC2/3 patients but the study was
modified to include patients with any PD-L1 status. Prelimi-
nary results on 115 safety-evaluable (112 efficacy-evaluable)
patients were recently presented.27 Patients were heavily pre-
treated with a median of 7 prior lines of therapy (range 0–21),
though 17% were treatment na€ıve. The safety profile was simi-
lar to that seen in other diseases, with grade 3–5 treatment
related AEs seen in 13% of patients but only 3% of patients
withdrawing from treatment due to an AE. The RR by RECIST
version 1.1 criteria was 10% overall, 13% in the IC2/3 subgroup
(n D 71) and 5% in the IC0/1 subgroup (n D 37). The RR was
26% in treatment na€ıve patients (n D 19). As expected,
responses were durable with a median duration of response of
21.1 months. With a median follow-up of 15.2 months, median
OS was 9.3 months and 1-year OS was 41%.

RCC

RCC has historically been considered an immunogenic tumor
and responses to atezolizumab were noted in the phase I study.
A randomized phase II study (NCG01984242) explored its
activity in treatment na€ıve RCC. Patients were randomized to
receive atezolizumab 1200 mg with the anti-VEGF-A monoclo-
nal antibody bevacizumab 15 mg/kg every 3 weeks, atezolizu-
mab alone, or sunitinib 50mg daily for 4 out of 6 weeks.
Crossover to atezolizumab plus bevacizumab was permitted.
Interim results reported a RR of 32% with atezolizumab and
bevacizumab, 25% with atezolizumab alone and 29% with suni-
tinib.28 In PD-L1 positive patients (IC1/2/3), the response rates
were 46%, 28% and 27%, respectively. A phase III study is
ongoing (NCT02420821).

Phase I – chemotherapy/biologic combinations

While atezolizumab and other checkpoint inhibitors offer the
potential for durable disease control and are often better toler-
ated and more effective than cytotoxic chemotherapy, only a
minority of patients achieve a response. In an effort to expand
this benefit to a larger patient population, combination strate-
gies are in development. Combining atezolizumab with cyto-
toxic chemotherapy is one approach. Despite many
preconceptions, the relationship between cytotoxic chemother-
apy and the immune system is complex and not necessarily
antagonistic.29 Cytotoxic chemotherapy can promote an anti-
tumor immune response through several mechanisms includ-
ing depletion of myeloid derived suppressor cells,30 promoting
a shift from protumorigenic M2 macrophages to antitumori-
genic M1 macrophages,31 increasing intratumoral CD8 T

cells,32 enhancing T cell proliferation,33 upregulating MHC
class I,34 and increasing sensitivity of tumor cells to immune
mediated apoptosis.35,36

A phase Ib study exploring the safety and preliminary effi-
cacy of atezolizumab combinations included a cohort of
patients with treatment na€ıve NSCLC who received atezolizu-
mab with one of three platinum doublet regimens: carboplatin
plus paclitaxel, carboplatin plus pemetrexed or carboplatin plus
nab-paclitaxel.37 Patients received 4–6 cycles of chemotherapy
followed by maintenance atezolizumab (1200 mg fixed dose)
until unacceptable toxicity or loss of clinical benefit. Patients
receiving carboplatin plus pemetrexed could continue peme-
trexed maintenance therapy. Preliminary results on the first 37
patients were presented and there was no apparent exacerba-
tion of expected chemotherapy associated AEs though there
was no control arm in this non-randomized study. The overall
RR was 67% including 60% with carboplatin plus paclitaxel,
75% with carboplatin plus pemetrexed and 62% with carbopla-
tin plus nab-paclitaxel including a 23% CR rate.

Another cohort of the same study combined atezolizumab
with nab-paclitaxel in patients with metastatic triple negative
breast cancer.38 Preliminary results from 32 patients showed a
favorable safety profile with no dose limiting toxicities. The
overall confirmed RR was 42% but varied by line of therapy. In
the front-line setting (n D 9), the RR was 67%, higher than in
second line (25%, n D 8) and in third line and beyond (29%,
n D 7). Correlative biomarker studies included analysis of cir-
culating activated CD8C T cells and nab-paclitaxel was not
found to impact the proliferation of these cells. An ongoing
phase III trial in treatment na€ıve small cell lung cancer is com-
paring carboplatin plus etoposide with or without atezolizu-
mab.39 Randomized trials comparing chemotherapy with
atezolizumab versus chemotherapy alone are underway and
will further inform any potential benefit with this strategy.

Bevacizumab has been shown to enhance T cell infiltration
in preclinical studies. A combination of atezolizumab with bev-
acizumab was explored in a separate cohort of the above study
and preliminary outcomes were reported for a subset of
patients with metastatic colorectal cancer with microsatellite
instability (MSI-high).40 Patients received atezolizumab
1200 mg with bevacizumab 15 mg/kg every 3 weeks. In this
subset, the RR was 30% and 40% of patients experienced a
treatment related AE though only one led to discontinuation of
atezolizumab. A combination of FOLFOX, bevacizumab and
atezolizumab has also been explored in patients with treatment
na€ıve, metastatic colorectal cancer.41 The unconfirmed RR was
44% (8/18) in a preliminary report though more mature data
are needed.

While combinations of atezolizumab with chemotherapy
and/or biologics show promise, it is difficult to make significant
conclusions without comparator arms and until data are more
mature.

Phase I – immunotherapy combinations

Another appealing combination strategy is to pair atezolizumab
with other immune modulators. These data are also maturing
but have shown some promise. Cobimetinib is a potent, orally
bioavailable MEK inhibitor and preliminary studies have
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shown that MEK inhibition can increase intratumoral T cell
accumulation and upregulate MHC class I.42 The combination
of atezolizumab and cobimetinib was explored with prelimi-
nary results reported for the cohort with advanced colorectal
cancer.43 No dose limiting toxicities were noted in the first 23
patients; grade 3 treatment related AEs included diarrhea (9%),
fatigue (4%), rash (4%), nausea (4%), AST increase (4%), and
vomiting (4%). There were no treatment related grade 4 or 5
AEs. The confirmed RR was 17%, higher in patients with a
KRAS mutation (20%). MOXR0916 is an OX40 agonist that
can stimulate effector T cells and reduce regulatory T cells. A
combination of MOXR0916 with atezolizumab is being
explored and a report of safety data reported no dose limiting
toxicities, no grade 4/5 treatment related AEs and no AEs lead-
ing to study discontinuation.44 Atezolizumab has also been
combined with the adenosine 2A receptor antagonist, CPI-
444.45 The combination of CPI-444 with atezolizumab was well
tolerated and a disease control rate of 39% (n D 14) was
reported which included 2 patients with a partial response and
regression in patients refractory to prior PD-1 or PD-L1
therapy.

Regulatory summary

Atezolizumab is approved by the US FDA for two disease types,
NSCLC and urothelial bladder cancer. Atezolizumab was
granted accelerated approval for locally advanced or metastatic
urothelial carcinoma following progression on platinum che-
motherapy. The approval was granted on May 18th, 2016,
based on IMvigor 210, cohort 2. On April 17, 2017, its approval
was then extended to cisplatin-ineligible patients based on
IMvigor, cohort 1. Atezolizumab was also approved for the
treatment of metastatic NSCLC who progressed on platinum
chemotherapy. This approval, given on May 18th, 2016, was
based on the OAK and POPLAR studies.

Conclusion

Atezolizumab was the first monoclonal antibody targeting PD-
L1 to be approved for clinical use. Its favorable safety profile
and promising efficacy have led to approval for the treatment
of advanced NSCLC and urothelial bladder cancers. Ongoing
studies will help define its role in the treatment of other malig-
nancies and in various clinical setting, both as monotherapy
and in combination with other therapeutic interventions.

Commercial Issues

Practically, atezolizumab competes with nivolumab (BMS) and
pembrolizumab (Merck) in the NSCLC space, as well as other
agents likely to gain regulatory approval soon. While both ate-
zolizumab and nivolumab are approved in the second line set-
ting for all comers, regardless of PDL1 status, pembrolizumab
is currently approved for first line with chemotherapy, regard-
less of PD-L1 status, as well as first line and second as single
agent for PDL >50% based on the Dako 22C3 PDL assay. Fur-
thermore, studies are ongoing with other combination immu-
notherapy agents as well (e.g. nivolumab/ipilumimab, and
durvalumab/tremelumimab. Because of the differences across
studies and with each study enrolling different patient

populations, it will make cross trial comparisons difficult, and
practically result in different drugs approved for different situa-
tions, as well as a very complicated, competitive commercial
landscape.

Expert opinion

Atezolizumab has displayed notable clinical activity in patients
with advance NSCLC and bladder cancer with relatively low
toxicity. Similar to other PD 1 checkpoint inhibitor, response
are still low but durable. Further studies are needed to increase
response with immunotherapy and identify patient population
that going to benefit from the treatment.
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