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Purpose: Immune checkpoint inhibitors have developed rapidly and have demonstrated
antitumor activity in various cancers. To evaluate the safety and efficacy of atezolizumab in
treating cancers, we conducted this meta-analysis.

Methods: Embase, PubMed, MEDLINE, the Central Register of Controlled Trials of the
Cochrane Library, and the American Society of Clinical Oncology database were searched for
relevant studies. The primary outcomes were any grade adverse events (AEs) and grade =3 AEs.
The secondary outcomes were overall objective response rate, pooled 6-month progression-free
survival (PFS) rate, 1-year overall survival (OS) rate, median PFS, and median OS.

Results: Our meta-analysis was based on 14 clinical trials with 3,266 patients. The total risk
of any grade AEs reached 69%, while grade =3 AEs happened in only 13% of participants.
The overall atezolizumab-related death rate was 0.17%. Major common AEs involved fatigue
(24.5%), decreased appetite (13.2%), nausea (12.3%), diarrhea (10.8%), pyrexia (10.7%), pruritus
(9.6%), cough (9.5%), edema peripheral (8.6%), and rash (8.4%). The most common severe AEs
were fatigue (2.2%), anemia (1.9%), and dyspnea (1.9%). Meanwhile, we found that 6% patients
reached complete response and 16% partial response. The pooled 6-month PFS rate and 1-year
OS rate were 0.36 (95% CI: 0.31-0.41) and 0.55 (95% CI: 0.49—0.61), respectively. The median
PFS varied from 1.5 to 6.1 months, and the median OS ranged from 5.9 to 28.9 months.
Conclusion: Atezolizumab has a considerable potential in treating cancers with an acceptable
risk profile.
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Introduction
Cancer is a leading cause of death in economically developing and developed countries
and has become a major public health problem worldwide.! With traditional therapies
like surgery, chemotherapy, and radiotherapy, there is still a large proportion of tumor
progression because of its invasive and metastatic characteristics.? Therefore, immuno-
therapy is effective in various cancers and has become a growing part of cancer treatment.
The interaction of antigens expressed on tumor cells and receptors on T cells
would produce inhibitory signals to T cells.* After that, T-cell-mediated immunity
is suppressed and tumor cells would escape from immune surveillance and lead to
disease progression.* These molecular pathways of interaction are called immune
checkpoints as “the brake” of immune system.’ Immunotherapy is based on using
immune checkpoint inhibitors to blockade the interaction of immune checkpoints and
enable the immune response against tumor cells.? The rapid development of checkpoint
inhibitors is changing the landscape of cancer treatments.
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Programmed death 1/programmed death ligand 1 (PD-1/
PD-L1) pathway is an important part of immunotherapy
and works in the effector phase of immune cell cycle.?
PD-1 is highly expressed on activated T lymphocytes and
other tumor-infiltrating immune cells, which can specifi-
cally combine with PD-L1 and programmed death ligand 2
(PD-L2) and lead to negative regulation of T-cell function.>*
Expression of PD-L1 in the tumor microenvironment
prompts immune escape because of the significant role of
T lymphocytes played in acquired antitumor immunity.*’
PD-L1 is broadly expressed on various cancers, including
lung cancer (LC), urothelial carcinoma (UC), colorectal
cancer, ovarian cancer (OC), melanoma, and glioblastoma.?
Blockade of the PD-1/PD-L1 pathway has been shown to
produce overall survival (OS) benefits in melanoma, non-
small-cell lung cancer (NSCLC), and renal cell carcinoma
(RCC).” ! Anti-PD-1 antibodies have demonstrated to result
in tolerable adverse events (AEs) and drug-related deaths
in cancer treatment.'?

Atezolizumab is a high-affinity human IgG1 monoclo-
nal antibody that binds selectively to PD-L1 and prevents
the binding of PD-L1 to PD-1 and B7-1, which enhances
the magnitude and quality of the tumor-specific T-cell
responses, resulting in improved antitumor activity.!>!*
In this way, T-cell activation is enabled and tumor cell death
is ultimately induced.’

So far, a series of clinical trials on atezolizumab for
solid cancers, like UC, LC, and OC, have been completed.
However, there is still no evidence-based systematic review
on the safety and efficacy of atezolizumab in various solid
tumors. This meta-analysis focused on the safety and effi-
cacy of atezolizumab in various advanced or metastatic
malignancies and offered evidence-based references for
clinicians.

Methods

Literature search

Studies were searched in the following databases: Embase,
PubMed, MEDLINE, and the Central Register of Controlled
Trials of the Cochrane Library without any language restric-
tions (up to June 9, 2018). The following were used as the
specific search strategy: “atezolizumab” or “MPDL3280A.”
Moreover, the American Society of Clinical Oncology
database was searched for relevant studies to find addi-
tional publications. After duplicates eliminated, full texts
were downloaded and assessed by two reviewers for
eligibility independently. A third author adjudicated the
possible disagreements.

Inclusion and exclusion criteria
Included articles in our work had to satisfy the following
criteria: 1) the study must be a clinical trial concerning
the safety or efficacy of atezolizumab in cancer treatment;
2) the study must report any of the following information:
drug-related AEs, objective response rate (ORR), 6-month
progression-free survival (PFS) rate, and 1-year OS rate.
The exclusion criteria were as follows: 1) studies were
not clinical trials or not related to our research topics;
2) studies lacked necessary data; 3) studies involved less
than ten patients; 4) retrospective studies, expert opinions,
editorials, or letters.

Data extraction

This meta-analysis extracted data including first author,
published year, publication name, ClinicalTrials.gov number,
study phase, study design, cancer types, intervention methods,
number of patients, patients’ age, ORR, complete response
rate (CRR), partial response rate (PRR), stable disease rate,
1-year OS rate, 6-month PFS rate, follow-up time, any grade
AEFEs, grade =3 AEs, and drug-related deaths. Six-month PFS
rate, 1-year OS rate, any grade AEs, and grade =3 AEs were
collected directly. ORR was collected directly or calculated
according to CRR and PRR. Two reviewers performed data
extraction independently, and disagreements were resolved
by a third reviewer.

Statistical analyses

The statistical analyses involved in this work were performed
by Review Manager 5.2, STATA 12.0, and Comprehensive
Meta-Analysis V2. The efficacy of atezolizumab in tumors
was evaluated by calculating overall ORR, pooled 6-month
PFS rate, and 1-year OS rate along with 95% CI. The safety
was evaluated by calculating the overall risk of any grade AEs
and grade =3 AEs and exhibition of common drug-related
AEs. Objective responses were judged according to Response
Evaluation Criteria in Solid Tumors (RECIST) version 1.1
or immune-modified RECIST criteria.'®!” ORR = [(complete
responses + partial responses) / total no. of patients]x100.
The OR was used to compare atezolizumab with chemo-
therapeutics and PD-L1-positive expression patients with
PD-L1-negative expression patients, respectively. P<<0.05
or 95% CI of OR, not covering 1, suggested that a statistical
significance existed between the experimental group and
control group.'® Inconsistency index (/%) and chi-squared
test were used to detect the heterogeneity among studies.
P-value <0.05 and I? value >50% suggested the exis-
tence of heterogeneity.!® When statistical heterogeneity
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was identified, we could choose random, otherwise we
selected fixed effects model.'® Then we performed subgroup
analysis by study phase, study design, and cancer type to
identify the source of heterogeneity accordingly. Begg’s and
Egger’s funnel plot asymmetry tests were used to investigate
publication bias."

Quality evaluation

Methodological quality of the included articles was assessed
by two experienced reviewers to ensure consistency using
the Cochrane Collaboration’s risk of bias tool Review
Manager 5.2. Quality assessments included random sequence
generation, allocation concealment, blinding of participants
and personnel, blinding of outcome reporting, incomplete out-
come data, selective reporting, and other items. Studies were
graded as low, unclear, or high risk of bias. Discrepancies
were resolved by discussion.

Results

Study selection
The search strategy produced 674 hits through computer-
ized electronic databases searching. Five hundred sixteen

674 records retrieved from electronic
databases searching
302 from Embase
241 from MEDLINE
116 from PubMed
15 from the Cochrane Library

» 158 duplicates removed

v

516 records screened

479 excluded
226 not related to atezolizumab
132 not human studies
102 letters, case reports, reviews
19 not related to cancers

h 4

studies were screened after removing the duplicates. Then
479 studies were excluded by screening the title and abstract
of each record according to the inclusion and exclusion
criteria. After removing retrospective articles and those
utilizing combination therapy and lacking necessary data,
eleven studies were included. Furthermore, 43 abstracts were
identified from the American Society of Clinical Oncology
database. Then three eligible abstracts were incorporated
in our work. Finally, 14 studies were included in this meta-
analysis.'*?932 The procedure of study selection is shown
in Figure 1.

Study characteristics

The included studies in this work were published from
2014 to 2017. The characteristics of included studies are
shown in Table 1. We assessed 3,266 patients in total.
Two thousand four hundred ninety-six patients received
atezolizumab, 568 patients received chemotherapeutics like
docetaxel, and 101 patients received sunitinib. All these
studies were prospective clinical trials, most of which had
ClinicalTrials.gov numbers. Among these studies, there were
seven phase I articles, six phase II studies, and one phase III

v

37 full-text articles assessed for eligibility

26 excluded
10 combination therapy
11 lacking necessary data
5 retrospective studies

A 4

11 eligible trials

43 records retrieved from the American
Society of Clinical Oncology database

.| 40 excluded not related to atezolizumab
e and cancers

A

3 eligible trials

v

14 studies included in meta-analysis

Figure | The procedures and results of study selection.

Note: A total of 14 studies were selected to determine the efficacy and safety of atezolizumab in treating cancers.
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article. Four studies were multicenter randomized controlled
trials (RCT), and ten articles were single-arm designed trials.
Atezolizumab was administered intravenously at a dose of
15 mg/kg or 1,200 mg in patients with LC, urothelial bladder
cancer, RCC, or OC. Patients in these studies received zero or
more prior systematic therapies like surgery, chemotherapy,
radiotherapy, and biotherapy. Atezolizumab-related deaths
occurred in four patients (0.17%, unknown causes and respi-
ratory tract infection). Chemotherapy-related deaths occurred
in four patients (0.70%, unknown causes, acute respiratory
distress syndrome, and sepsis).

Overall toxicity analysis

The overall risks of any grade AEs, grade =3 AEs, and
exhibition of any AEs were used to evaluate the safety of
atezolizumab in treating cancers. Among all articles, eleven
studies were incorporated in the any grade AE analysis,
and 12 articles were included in the grade =3 AE analysis
because some articles had no applicable data. /> and chi-
squared tests were used to evaluate the variation among
studies. We used random effects model because of significant
heterogeneity (/*>50%, P<<0.05) among studies. The pooled
risks of any grade AEs and grade =3 AEs were 69% (95%
CL: 65-73, I’=70.1%, P=0.000) and 13% (95% CL: 11-15,
1’=51.8%, P=0.019), respectively (Figure 2). We analyzed
the pooled risks of immune-related AEs (irAEs) in this
work. The pooled risks of any grade irAEs and grade =3
AEs were 13% (95% CI: 6-21, I’=95.5%, P=0.000) and 3%
(95% CI: 1-5, I*=74.3%, P=0.002), respectively.

In regard to single-arm trials, the overall event rates
of atezolizumab-related AEs were assessed and shown in
Table 2. Treatment-related AEs happened in multiple organ
systems, while most of them had low pooled risks. Obviously,
fatigue was the most common AE that had the highest rate
0f 0.245 (95% CI: 0.208-0.285). Other common any grade
AEs were decreased appetite (13.2%), nausea (12.3%),
diarrhea (10.8%), pyrexia (10.7%), pruritus (9.6%), cough
(9.5%), edema peripheral (8.6%), and rash (8.4%). Besides
the general disorders, the most common AEs happened in
gastrointestinal system, skin, and respiratory system. In
general, the rates of severe events (grade =3) were quite
low. Among the grade =3 AEs, the most common ones were
fatigue (2.2%), anemia (1.9%), and dyspnea (1.9%). The
most common any grade irAEs were rash (4%), increased
aspartate aminotransferase (AST; 1.8%), increased alanine
aminotransferase (ALT; 1.8%), pneumonitis (1.3%), colitis
(0.7%), and hepatitis (0.3%). The most common grade =3
irAEs was pneumonitis (0.7%).

When compared with the AEs between atezolizumab and
chemotherapeutics, we found that some AEs like decreased
appetite, asthenia, constipation, nausea, and vomiting had
no significant difference. Other any grade AEs like alopecia,
anemia, fatigue, neutropenia, diarrhea, and peripheral
neuropathy occurred less in atezolizumab group than in
chemotherapeutics group. We did not analyze the grade =3
AEs due to lack of data. The results are shown in Table 3.

Overall efficacy analysis

The overall ORR, pooled 6-month PFS rate, and 1-year
OS rate were used to judge the efficacy of atezolizumab in
the cancer treatment. Thirteen articles were included in the
ORR analysis, five studies were incorporated in the PFS rate
analysis, and seven articles were included in the OS rate
analysis. The pooled ORR, 6-month PFS rate, and 1-year
OS rate were 21% (95% CI: 17-25, I’=81.8%, P=0.000),
36% (95% CI: 31-41, I’=76.6%, P=0.001), and 55% (95%
CI: 49-61, I’=84.3%, P=0.000), respectively (Figure 3). The
median PFS varied from 1.5 to 6.1 months for single-arm
trials, whereas the median OS varied from 5.9 to 28.9 months
(Table S1). The pooled CRR and PRR were 6% (95%
CIL: 2-10, I’=82.4%, P=0.000) and 16% (95% CI: 10-22,
1’=82.8%, P=0.000), respectively.

To investigate the source of heterogeneity among studies,
we conducted subgroup analysis. When we grouped by type
of cancer, the pooled ORR of UC, NSCLC, OC, and RCC
were 21% (95% CI: 13-30), 24% (95% CI: 15-34), 17%
(95% CI: 0-38), and 22% (95% CI: 13-30), respectively.
The overall 6-month PFS rates of NSCLC and RCC were
31% (95% CI: 28-33) and 41% (95% CI: 31-50), respec-
tively. The pooled 1-year OS rates of UC, NSCLC, and
RCC were 52% (95% CI: 43-61), 53% (95% CI: 51-56),
and 64% (95% CI: 31-97), respectively. When grouped by
study phase, the pooled ORR of phase I, II, and III studies
were 25% (95% CI: 14-35), 19% (95% CI: 15-23), and 14%
(95% CI: 10-17), respectively. The overall 6-month PFS rates
of phase I, II, and I11 studies were 42% (95% CI: 35-50), 32%
(95% CI: 29-35), and 30% (95% CI: 26-35), respectively.
The pooled 1-year OS rates of phase I, II, and I1I studies were
64% (95% CI: 31-97), 52% (95% CI: 49-55), and 55% (95%
CI: 50-60), respectively. When grouped by study design, the
pooled ORR of RCT and single-arm were 28% (95% CI:
15—41) and 19% (95% CI: 15-23), respectively. The overall
6-month PFS rates of RCT and single-arm were 33% (95%
CI: 28-39) and 36% (95% CI: 25-47), respectively. The
pooled 1-year OS rate of RCT and single-arm were 52%
(95% CI: 45-59) and 57% (95% CI: 48—606), respectively.
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1
1
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Petrylak, D.P. (2018) = 0.66 (0.56, 0.76) 8.01
1
1
Peters, S. (2017) =~ 0.65 (0.61, 0.69) 13.60
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Powles, T. (2014) rea— ! 0.04 (-0.00,0.09)  9.66
Herbst, R.S. (2014) — 0.13(0.09,017)  11.74
1
Fehrenbacher, L. (2016) —_— 012(0.07,017) 878
1
Infante, J.R. (2016) . 0.17 (-0.04,0.38)  0.98
1
McDermott, D.F. (2016) —_— 0.17 (0.08, 0.26) 4.54
1
Rosenberg, J.E. (2016) J—E— 016(0.12,0.20)  11.32
1
1
Sequist, L.V. (2016) — 0.18(-0.01,0.36)  1.31
1
Balar, A.V. (2017) —;—E}-— 0.16 (0.09, 0.23) 6.85
Rittmeyer, A. (2017) }—3— 0.15 (0.12, 0.18) 14.42
1
Petrylak, D.P. (2018) e 0.07 (0.02,0.13)  8.87
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Overall (=51.8%, P=0.019) <> 0.13 (0.11, 0.15) 100
1
1
'
T * T
-0.378 0 0.378

Figure 2 The overall risk of any grade AEs (A) and grade =3 AEs (B).
Note: Weights are from random effects analysis.
Abbreviations: AEs, adverse events; ES, effect size.

All the results of subgroup analysis in our meta-analysis are
shown in Table S2.

ORR data among different PD-L1 expression levels were
presented in six studies. PD-L1 positive was defined by a 1%
expression threshold per specimen. As shown in Figure 4A,

the OR between PD-L1-positive and PD-L1-negative expres-
sion was 2.36 (95% CI: 1.65-3.38, I’=19%, P<<0.0001).
We performed further analyses to evaluate the efficacy
between atezolizumab and chemotherapeutics. There were
two articles utilizing atezolizumab compared with docetaxel.
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Table 2 Incidence of AEs in any grade or grade =3
AEs Any grade Grade =3
Event rate (%, 95% CI) Statistical Event rate (%, 95% CI) Statistical
method method
General disorders
Fatigue 24.5 (20.8-28.5) Random 2.2 (1.6-3.0) Fixed
Pyrexia 10.7 (7.4-15.3) Random 0.2 (0.1-0.6) Fixed
Pain 8.0 (2.5-23.0) Random
Asthenia 7.3 (4.1-12.6) Random 1.0 (0.6—1.6) Fixed
Headache 6.0 (3.4-10.4) Random 0.7 (0.2-2.8) Fixed
Night sweats 4.1 (2.4-6.8) Fixed
Hypotension 1.9 (1.0-3.8) Fixed 0.7 (0.2-2.2) Fixed
Alopecia 0.7 (0.3-1.8) Fixed
Gastrointestinal disorders
Decreased appetite 13.2 (9.1-18.6) Random 0.4 (0.2-0.9) Fixed
Nausea 12.3 (9.9-15.2) Random 0.6 (0.3-1.1) Fixed
Diarrhea 10.8 (8.6—13.4) Random 0.6 (0.3-1.2) Fixed
Constipation 7.2 (2.1-21.6) Random
Vomiting 5.9 3.7-9.3) Random 0.3 (0.1-0.9) Fixed
Dry mouth 2.7 (1.1-6.2) Fixed
Skin and subcutaneous tissue disorders
Pruritus 9.6 (8.2-11.2) Fixed 0.4 (0.1-1.2) Fixed
Edema peripheral 8.6 (6.7-11.0) Fixed
Rash 84 (7.1-10.0) Fixed 1.1 (0.6-2.1) Fixed
Dry skin 5.4 (3.4-84) Fixed
Dermatitis acneiform 3.3 (1.5-7.1) Fixed
Stomatitis 3.3 (2249 Fixed
Respiratory, thoracic, and mediastinal disorders
Cough 9.5 (1.1-50.4) Random
Chills 7.0 (5.1-9.6) Fixed
Dyspnea 6.1 (2.3-15.1) Random 1.9 (1.2-2.9) Fixed
Influenza-like illness 5.8 (3.3-10.1) Random 0.7 (0.2-2.8) Fixed
Pneumonitis 3.5 (2.5-4.8) Fixed 1.6 (0.9-2.7) Fixed
Musculoskeletal disorders
Arthralgia 7.7 (5.5-10.8) Random 0.5 (0.2-1.0) Fixed
Myalgia 5.8 (4.5-7.5) Fixed
Back pain 4.9 (1.5-14.8) Random
Muscle spasms 2.7 (1.1-6.2) Fixed
Blood and lymphatic system disorders
Anemia 5.8 (3.5-9.5) Random 1.9 (1.3-2.9) Fixed
Thrombocytopenia 2.7 (1.1-6.3) Fixed
Hypophosphatemia 1.8 (0.9-3.8) Fixed 1.5 (0.7-3.3) Fixed
Neutropenia 1.5 (0.8-2.7) Fixed
Metabolism and nutrition disorders
Hypothyroidism | 53 (4.0-7.1) Fixed |
Hepatic disorders
AST increased 3.4 (2.54.5) Fixed 1.1 (0.6-1.8) Fixed
ALT increased 3.3 (24-4.6) Fixed 1.1 (0.34.1) Random
Nervous system disorders
Peripheral neuropathy | 2.7 (1.5-4.9) Random |

Notes: The most common atezolizumab-related any grade AEs were fatigue (24.5%), decreased appetite (13.2%), nausea (12.3%), diarrhea (10.8%), pyrexia (10.7%), pruritus
(9.6%), cough (9.5%), edema peripheral (8.6%), and rash (8.4%). The most common grade =3 AEs were fatigue (2.2%), anemia (1.9%), and dyspnea (1.9%). P=0.000.

Abbreviations: AEs, adverse events; ALT, alanine aminotransferase; AST, aspartate aminotransferase.
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Table 3 Incidence of AEs comparing atezolizumab with chemo-
therapeutics

AEs Any grade
OR (95% CI) P-value | Statistical
method
Alopecia 0.013 (0.005-0.033) | 0.000 Fixed
Anemia 0.406 (0.302-0.545) | 0.000 Fixed
Decreased appetite 1.020 (0.797-1.307) | 0.873 Fixed
Fatigue 0.629 (0.502-0.787) | 0.000 Fixed
Neutropenia 0.087 (0.046-0.163) | 0.000 Fixed
Asthenia 0.720 (0.345-1.501) | 0.381 Random
Constipation 0.765 (0.237-2.469) | 0.654 Random
Diarrhea 0.422 (0.204-0.869) | 0.019 Random
Nausea 0.546 (0.274-1.088) | 0.085 Random
Peripheral neuropathy | 0.182 (0.036-0.907) | 0.038 Random
Vomiting 0.782 (0.312-1.956) | 0.599 Random

Abbreviation: AEs, adverse events.

The ORs of ORR, 6-month PFS, and 1-year OS between
atezolizumab and chemotherapeutics were 1.06 (95% CI:
0.76-1.48, I’=0%, P=0.74), 1.26 (95% CI: 0.97-1.63,
I’=0%, P=0.08), and 1.80 (95% CI: 1.42-2.28, ’=0.0%,
P<0.0001), respectively. The result of this analysis is shown
in Figure 4B-D. ORR and 6-month PFS showed that the
efficacy between atezolizumab and chemotherapeutics had

no significant difference. However, 1-year OS suggested that
atezolizumab group had significant difference compared with
chemotherapeutics. In controlled trials, the total ORs of PFS
and OS were 0.95 (95% CI: 0.83—1.08) and 0.73 (95% CI:
0.73-0.84), respectively, indicating that atezolizumab group
had a longer OS.

We evaluated the treatment efficiency between atezoli-
zumab and docetaxel in the PD-L1-negative group. PD-L1
negative was defined as the percentage of PD-L1-expressing
cells in tumor cells and tumor-infiltrating immune cells <1%.
The ORs of ORR, 6-month PFS, and 1-year OS between
atezolizumab and docetaxel were 0.73 (95% CI: 0.43—1.26,
1’=0%, P=0.26), 1.06 (95% CI: 0.71-1.59, I’=0%, P=0.76),
and 1.63 (95% CI: 1.13-2.35, I’=0.0%, P=0.008), respec-
tively. ORR and 6-month PFS showed that the efficacy
between atezolizumab and chemotherapeutics had no
significant difference. However, 1-year OS suggested that
atezolizumab group had significant difference compared with
chemotherapeutics. These results were similar to those in all
patients regardless of PD-L1 expression.

Assessment of study quality and

publication bias
The methodological quality of each study was assessed by
Review Manager 5.2. The risk of bias graph and risk of

A Study ES (95% CI) Weight (%)
Powles, T. (2014) — 0.26 (0.16, 0.37) 6.47
Herbst, R.S. (2014) —Eé’_— 0.21(0.15, 0.27) 9.06
Giaccone, G. (2015) E —_— 0.63 (0.49, 0.78) 4.71
Fehrenbacher, L. (2016) S: 0.17 (0.11, 0.23) 9.00
Infante, J.R. (2016) ——0—:— 0.17 (-0.04, 0.38) 2.94
McDermott, D.F. (2016) —E—:h 0.14 (0.06, 0.23) 7.49
Rosenberg, J.E. (2016) ~ E 0.14 (0.11, 0.18) 10.11
Sequist, L.V. (2016) —_— E 0.06 (-0.05, 0.17) 6.22
Balar, A.V. (2017) —%—S— 0.25(0.17,0.33) 8.03
Rittmeyer, A. (2017) &~ E 0.14 (0.10, 0.17) 10.39
Petrylak, D.P. (2018) -E—'o:— 0.27 (0.18, 0.36) 7.38
McDermott, D.F. (2017) —E—S— 0.25(0.17,0.34) 7.71
Peters, S. (2017) EKT 0.19 (0.16, 0.22) 10.49
Overall (?P=81.8%, P=0.000) <> 0.21 (0.17, 0.25) 100

I
|
|
T : T
-0.781 0 0.781

Figure 3 (Continued)
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Herbst, R. S. (2014)

Besse, B. (2015)

Fehrenbacher, L. (2016)

Rittmeyer, A. (2017)

McDermott, D. F. (2017)

Peters,S. (2017)
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— 0.42(0.35,0.50)  15.90
l
1
l———  046(0.38,054)  14.59
:
1
—— 0.33(0.25,0.40)  15.44
|
—— 0.30(0.26,0.34)  19.98
:
1
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1
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<> 0.36 (0.31, 0.41) 100

T
-0.543

0 0.543
C study ES (95% Cl) Weight (%)
Fehrenbacher, L. (2016) —‘—.“ 0.48 (0.40, 0.58) 13.67
1
1

McDermott, D.F. (2016) : ——  0.81(0.71,0.91) 12.40
1
1

Rosenberg, J.E. (2016) ) 0.48 (0.43, 0.54) 15.66
1
1
1

Balar, A.V. (2017) —— 0.57 (0.48, 0.66) 13.09
1
1

Rittmeyer, A. (2017) - 0.55 (0.50, 0.60) 16.23
:

Petrylak, D.P. (2018) — 0.47 (0.37, 0.57) 12.18
1
1
1

Peters, S. (2017) - 0.53 (0.50, 0.57) 16.78
1

Overall (P=84.3%, P=0.000) <> 0.55 (0.49, 0.61) 100
1
1
1
1
1
1

T : T
-0.908 0 0.908

Figure 3 The overall objective response rate (A), 6-month progression-free survival rate (B), and |-year overall survival rate (C) of included studies.

Note: Weights are from random effects analysis.

bias summary of all those eligible studies were evaluated
(Figure S1). Blinding of participants and personnel was not
evaluated as low-risk item because some studies were single-
arm trials. The overall risk of bias was evaluated as low risk.
Therefore, the quality of the studies was satisfactory.

Begg’s and Egger’s funnel plot asymmetry tests were
used to investigate publication bias in these included studies.
There was no significant publication bias in this meta-analysis
(P=0.082).

Discussion
Atezolizumab has been approved by US Food and Drug
Administration for the treatment of UC and NSCLC

patients.???”?8 According to our review, atezolizumab is
usually given as an intravenous infusion of 1,200 mg over
60 minutes every 3 weeks until progression or unacceptable
toxicity. The overall atezolizumab-related death rate was
0.17%, which was much lower than chemotherapeutics-
related death (0.70%). Those atezolizumab-related deaths
were associated with respiratory tract infection and unknown
causes. We previously reported that nivolumab-related death
rate was 0.25%.'2 Most of those were associated with pulmo-
nary toxicity, and some were related to ischemic stroke and
encephalitis. Chemotherapy-related deaths usually occurred
in acute respiratory distress syndrome, sepsis, febrile neutro-
penia, interstitial lung disease, and pulmonary hemorrhage.
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A Study or PD-L1 positive  PD-L1 negative Weight Odds ratio Year Odds ratio

subgroup Events Total Events  Total (%) M-H, fixed, 95% CI M-H, fixed, 95% CI
Powles, T. (2014) 13 30 4 35 4.9 5.93 (1.67, 21.04) 2014
Herbst, R.S. (2014) 26 90 8 60 15.9 2.64 (1.10, 6.32) 2014 —
Rosenberg, J.E. (2016) 37 207 8 103 20.4 2.58 (1.16, 5.78) 2016 —a—
McDermott, D.F. (2016) 6 33 2 22 46 2.22 (0.41, 12.18) 2016 —_—
Rittmeyer, A. (2017) 43 241 14 180 30.7 2.58 (1.36, 4.87) 2017 —a—
Balar, A.V. (2017) 20 80 10 39 235 0.97 (0.40, 2.33) 2017 ——
Total (95% ClI) 681 439 100 2.36 (1.65, 3.38) ¢
Total events 145 46 ; ' ' i
Heterogeneity: y?=6.18, df=5 (P=0.29); I>=19% 0.01 0.1 1 10 100

Test for overall effect: Z=4.68 (P<0.00001)

PD-L1 positive PD-L1 negative

B Study or Atezolizumab  Chemotherapeutics Weight Odds ratio Year Odds ratio
subgroup Events Total Events  Total (%) M-H, fixed, 95% CI M-H, fixed, 95% CI
Fehrenbacher, L. (2016) 24 144 21 143 26.3 1.16 (0.61, 2.20) 2016
Rittmeyer, A. (2017) 58 425 57 425 73.7 1.02 (0.69, 1.51) 2017
Total (95% ClI) 569 568 100 1.06 (0.76, 1.48)
Total events 82 78 ) . . ,
Heterogeneity: 72=0.12, df=1 (P=0.73); I>=0% 001 04 1 10 100
Test for overall effect: Z=0.33 (P=0.74) Atezolizumab Chemotherapeutics
C Study or Atezolizumab  Chemotherapeutics Weight Odds ratio Year Odds ratio
subgroup Events Total Events Total (%) M-H, fixed, 95% CI M-H, fixed, 95% CI
Fehrenbacher, L. (2016) 47 144 38 143 25.0 1.34 (0.80, 2.23) 2016
Rittmeyer, A. (2017) 128 425 110 425 75.0 1.23(0.91, 1.67) 2017
Total (95% CI) 569 568 100 1.26 (0.97, 1.63)
Total events 175 148 | ) i .
Heterogeneity: x?=0.07, df=1 (P=0.79); 1=0% 0.01 0.1 1 10 100
Test for overall effect: Z=1.75 (P=0.08) Atezolizumab Chemotherapeutics
D Study or Atezolizumab Chemotherapeutics Weight Odds ratio Year Odds ratio
subgroup Events Total Events  Total (%) M-H, fixed, 95% CI M-H, fixed, 95% CI
Fehrenbacher, L. (2016) 69 144 54 143 27.7 1.52 (0.95, 2.43) 2016 i
Rittmeyer, A. (2017) 218 425 151 425 72.3 1.91 (1.45, 2.52) 2017 .
Total (95% ClI) 569 568 100 1.80 (1.42, 2.28) ‘
Total events 287 205 ) , , ,

Heterogeneity: x?=0.69, df=1 (P=0.41); 1=0%
Test for overall effect: Z=4.86 (P<0.00001)

0.01 0.1 1 10 100
Atezolizumab Chemotherapeutics

Figure 4 The comparison of PD-L| positive with PD-L| negative cancers (A) and atezolizumab with chemotherapeutics (B-D).
Notes: (A) PD-LI-positive cancers had better response to atezolizumab. (B-D) Atezolizumab had better |-year overall survival than chemotherapeutics and had no
significant difference with chemotherapeutics in ORR or 6-month progression-free survival.

Abbreviation: PD-LI, programmed death ligand |.

The prevention of treatment-related death with checkpoint
inhibitors should start from early detection and aggressive
treatment of potentially dangerous irAEs.** In mild cases,
clinicians might temporarily discontinue the drug adminis-
tration. As for severe cases, permanent stoppage should be
taken into consideration. Immune modulatory agents includ-
ing glucocorticoids, infliximab, and azathioprine have been
proved helpful in many severe cases.

In our pooled analysis, the total risk of any grade AEs
reached 69%, while grade =3 AEs happened in only 13%
of participants. As we know, immune checkpoint inhibitors
can cause activated T cells to infiltrate normal tissue and
enhance nonspecific immune response. This unbalance of
immune system results in irAEs, which include general AEs
and organ-specific AEs.** As a PD-L1 inhibitor, atezolizumab
is more tolerable than PD-1 inhibitors because it allows the
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combination of PD-1 and PD-L2 and leads to less irAEs."
Meanwhile, atezolizumab has a single amino acid substitu-
tion in its fragment crystallizable region that normally binds
to some immune cells with PD-L1 expression. This design
prevents atezolizumab to bind immune cells and avoids
antibody-dependent cell-mediated cytotoxicity and resistance
to immunotherapy caused by depletion of tumor-specific T
cells with high PD-L1 expression.!433:3¢

Fatigue is the most common AE in our study and occurred
in 24.5% of patients. Fortunately, almost 2% of patients
experienced severe fatigue. Though the mechanism of fatigue
is currently unknown, it is always mild and is much lower
than durvalumab and chemotherapies.’” Some toxicities may
particularly contribute to fatigue including immune-related
endocrine disorders (hypothyroidism, hypoadrenalism, and
hypopituitarism). Early detection and proper management of
these disorders may help to decrease the incidence of fatigue.

Organ-specific irAEs involve skin (pruritus, rash), gut
(colitis and diarrhea), endocrine glands (hypothyroidism,
hyperthyroidism, and hypophysitis), liver (ALT/AST
elevations), lung (pneumonitis), and any other tissues.’s*
Gastrointestinal disorders like decreased appetite (13.2%),
nausea (12.3%), and diarrhea (10.8%) are commonly seen
in patients treated with atezolizumab. The incidence rates
of severe gastrointestinal disorders are <<1%. The rates of
decreased appetite and nausea are not significantly lower than
that in patients treated with chemotherapeutics. However,
the risk of diarrhea is significantly lower. As reported in our
previous study, diarrhea from checkpoint inhibitor therapy
arises as a result of colitis.'> When patients are present with
gastrointestinal disorders, the clinicians should assess for
etiology first and then give symptomatic treatment such as
antidiarrheal agents.*

Different irAEs appeared in different stage of treat-
ment. Skin AEs occurred 3 weeks after the initiation of
treatment and was followed by gastrointestinal AEs in about
5 to 10 weeks. Endocrine and liver AEs appear later.*'
Pruritus (9.6%), peripheral edema (8.6%), and rash (8.4%)
were common skin adverse effects in patients treated with
atezolizumab in this analysis. Rash and pruritus might result
from anaphylactic reaction or stress response. Lesions come
out after the first dose but are worse after each treatment
cycle.* Early intervention and routine observation are
important to prevent patients from exacerbation. Most rashes
associated with immune checkpoint inhibitors can be treated
with corticosteroid creams. If pruritus is the prominent
system, antipruritic oral drugs, such as hydroxyzine and
diphenhydramine, can be administered.* If atypical or

severe rash happens, a skin biopsy and oral corticosteroids
are recommended.*

Pneumotoxicity associated with immune checkpoint
inhibitors is common irAEs. Pyrexia, cough, and dyspnea
are the most common respiratory symptoms related to
atezolizumab in our analysis. Patients with grades 3—4
pneumonitis require hospitalization and intravenous steroid
therapy as a general guideline.* If the symptoms could not
be improved after 3—5 days of steroids, additional immuno-
suppressive therapies, such as infliximab, mycophenolate
mofetil, or cyclophosphamide, should be considered.**¢ The
specific immunosuppressive choice, dose, and schedule have
not been studied.

Meanwhile, we summarized the ORR, 6-month PFS
rate, and 1-year OS rate. Approximately 21% of participants
reached complete response or partial response. Fifty-five
percent of patients survived from malignancies for 1 year.
Thirty-six percent of patients had stabilization of the dis-
ease for half a year. The median PFS varied from 1.5 to
6.1 months for single-arm trials, whereas the median OS
ranged from 5.9 to 28.9 months. In RCTs, atezolizumab
and chemotherapeutics had no significant difference in
ORR and 6-month PFS, whereas 1-year OS rate was higher
in atezolizumab group. In brief, all these data demonstrated
that atezolizumab had a considerable potential in treating
cancers with an acceptable risk profile.

In our work, we demonstrated that PD-L1-positive
cancers had better treatment response to atezolizumab than
PD-L1-negative cancers. Similar results have been reported
in other PD-1/PD-L1 inhibitors.*” However, it is still contro-
versial about the definition of PD-L1 positive. The standard
antibody for PD-L1 detection in immunohistochemistry has
not been decided. Otherwise, the heterogeneity of PD-L1
expression between different time points or locations should
be noticed.*®

Heterogeneity might misdirect the interpretation of
this meta-analysis, so we conducted subgroup analysis to
investigate potential sources. When heterogeneity existed
(I*>50%), we used a random effects model; otherwise, we
used fixed effects model. Potential sources could come from
cancer types, study phase, or study design. Meanwhile, no
publication bias was detected in this study; thus, publication
bias was not a main source of heterogeneity.

This meta-analysis was conducted to research the safety
and efficiency of atezolizumab in the treatment of cancers.
Several limitations would be considered. First, patients
included in this study were quite heterogeneous with different
types of cancers. Further study could verify our results with
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a larger homogeneous patients’ pooled analysis. Second,
those included studies were not completely double-blinded
RCT; the potential performance bias might exit. Finally,
some abstracts were incorporated in this work, which might
have no complete outcome and then introduced some biases
to the final analysis.

Conclusion

Our meta-analysis demonstrates that atezolizumab has dura-
ble outcomes of ORR, 1-year OS rate, and 6-month PFS rate
with tolerable AEs in patients with cancers. Major common
AEs involved fatigue, decreased appetite, nausea, diarrhea,
pyrexia, pruritus, cough, edema peripheral, and rash. The most
common severe AEs were fatigue, anemia, and dyspnea. The
overall atezolizumab-related death rate was much lower than
chemotherapeutics-related death rate. Atezolizumab has bet-
ter OS and lower risk of AEs compared with chemotherapy.
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Table S1 PFS and OS of control-arm trials and single-arm trials

PFS Study PFS (months, 95% CI) HR (95% CI) P-value
Atezolizumab Chemotherapeutics
Control-arm trials Fehrenbacher et al (2016)* 2.7 (2.04.1) 3.0 (2.84.1) 0.94 (0.72-1.23) 0.645
Rittmeyer et al (2017)¥ 2.8 (2.6-3.0) 4.0 3.34.2) 0.95 (0.82-1.10) 0.4928
Single-arm trials Infante et al (2016)** 2.9 (1.3-5.5)
McDermott et al (2016)* 5.6 (3.9-8.2)
Rosenberg et al (2016)% 2.1 (2.1-2.1)
Sequist et al (2016)% 1.5 (1.2-2.7)
Balar et al (2017)% 2.7 (2.1-4.2)
McDermott et al (2017)* 6.1 (5.4-13.6)
Peters et al (2017)% 5.4 (3.0-6.9)
oS Study OS (months, 95% CI) HR (95% CI) P-value
Atezolizumab Chemotherapeutics
Control-arm trials Fehrenbacher et al (2016)* 12.6 (9.7-16.4) 9.7 (8.6-12.0) 0.73 (0.53-0.99) 0.04
Rittmeyer et al (2017)¥ 13.8 (11.8-15.7) 9.6 (8.6-11.2) 0.73 (0.62-0.87) 0.0003
Single-arm trials Infante et al (2016)** 11.3 (5.5-27.7)
McDermott et al (2016)% 28.9 (20.0-NE)
Rosenberg et al (2016)% 11.4 (9.0-NE)
Sequist et al (2016)% 5.9 (4.3-20.1)
Balar et al (2017)%® 15.9 (10.4-NE)
Petrylak et al (2018)*" 10.6 (7.5-17.5)
Peters et al (2017)%* 20.1 (20.1-NE)

Abbreviations: NE, not estimated; OS, overall survival; PFS, progression-free survival.

Table S2 Results of subgroup analysis

Subgroup | Overall I P-value | Statistical | Overall * P-value | Statistical | Overall * P-value | Statistical
ORR (%, | (%) method PFS (%, (%) method oS (%, (%) method
95% CI) 95% CI) 95% CI)
Cancer type
ucC 21 (13-30) | 76.6 | 0.000 Random - - - - 52 (43-61) | 64.6 | 0.000 Random
NSCLC | 24 (15-34) | 93.2 | 0.000 Random 31(28-33) | 0.0 | 0.857 Fixed 53 (51-56) | 10.7 | 0.326 Fixed
ocC 17 (0-38) |- - Fixed - - - - - - - -
RCC 22 (15-30) | 57.8 | 0.000 Random 41 31-50) | - - Fixed 64 (31-97) | 95.5 | 0.000 Random
Phase
I 25 (14-35) | 86.2 | 0.000 Random 42 (35-50) | — - Fixed 64 (31-97) | 95.5 | 0.000 Random
I 19 (15-23) | 59.6 | 0.042 Random 32(29-35) | 48.0 | 0.146 Fixed 52 (49-55) | 35.1 | 0.202 Fixed
11l 14 (10-17) | - - Fixed 30 (26-35) | — - Fixed 55 (50-60) | — - Fixed
Study design
RCT 28 (15-41) | 93.5 | 0.000 Random 33 (28-39) | 50.6 | 0.132 Random 52 (45-59) | 55.3 | 0.135 Random
Single- 19 (15-23) | 58.0 | 0.015 Random 36 (25-47) | 87.2 | 0.005 Random 57 (48-66) | 88.9 | 0.000 Random
arm

Abbreviations: NSCLC, non-small-cell lung cancer; OC, ovarian cancer; ORR, objective response rate; OS, overall survival; PFS, progression-free survival; RCC, renal cell
carcinoma; RCT, randomized controlled trial; UC, urothelial carcinoma.
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Figure SI The risk of bias graph and the risk of bias summary.
Notes: Blinding of participants and personnel was not evaluated as low-risk item because some studies were dose-escalation and single-arm trials. The overall risk of bias
was evaluated as low risk. The risk of bias graph (A) and the risk of bias summary (B).
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