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Abstract
Background: We aim to assess the efficacy and safety profiles of immune checkpoint inhibitors in patients with metas®
castration-resistant prostate cancer using a meta-analysis.

Methods: We extracted and examined data from phase |, Il and Il clinical trials from PubMed, Embase, Web of Science, and
Cochrane Library, which included patients with metastatic castration-resistant prostate cancer who were treated with immune
checkpoint inhibitors. We performed a meta-analysis to investigate several indexes of efficacy and safety, including the objective
response rate, 1-year overall survival (OS) rate, prostate-specific antigen response rate, and adverse event rate of immune
checkpoint inhibitors. The material data were calculated and pooled using The R Project for Statistical Computing and STATA
12.0 software.

Results: We identified 12 clinical trials in our study. We assessed the pooled frequencies of all-grade AEs and grade > 3 AEs
first and showed 0.82 (95% Cl: 0.74-0.91, I? = 94%, P < .01) and 0.42 (95% Cl: 0.33-0.54, I> = 96%, P < .01), respectively.
The objective response rate was 0.10 (95% ClI: 0.04-0.19, I> = 70%, P < .01), and the 1-year OS and prostate-specific antigen
response rate were 0.55 (95% Cl: 0.45-0.67, I° = 93%, P < .01) and 0.18 (95% CI: 0.16-0.20, I° = 43%, P = .03), respectively.

Conclusion: The immune checkpoint inhibitors therapy was well tolerated and showed potential to improve tumor responses
in patients with metastatic castration-resistant prostate cancer.

Abbreviations: ADT = androgen deprivation therapy, AEs = adverse events, AR = androgen receptor, dMMR = deficient
mismatch repair, ICIs = Immune checkpoint inhibitors, CTLA-4 = cytotoxic T lymphocyte antigen 4, PD-1 = programmed death-
1, PD-L1 = PD-1 ligand, mCRPC = metastatic castration-resistant PC, RCT = randomized controlled trial, MSI = microsatellite
instability, ORR = objective response rate.

Key Words: immune checkpoint inhibitor, immunotherapy, meta-analysis, metastatic castration-resistant prostate cancer, prostate
cancer, oncology

1. Introduction

Prostate cancer (PC) is the second most frequent tumor and the
fifth leading cause of tumor death in men worldwide.'! Although
most patients are diagnosed early and may be cured with sur-
gery and/or radiation therapy, about one-third of men treated
will fail therapy and develop advanced PC.?% For decades,
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the management of patients with advanced PC has been hor-
monal therapy, known as androgen deprivation therapy (ADT),
which is intended to lower testosterone levels.l! Despite initial
responses, essentially all patients will develop metastatic cas-
tration-resistant PC (mCRPC).! Standard first-line treatment
for mCRPC is docetaxel plus prednisone!®’; however, patients
will usually develop inherent or acquired resistance during or
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after docetaxel treatment. Patients with mCRPC are in critical
need of innovative treatment strategies. From 2010, efforts to
expand the treatment landscape for mCRPC resulted in the
Food and Drug Administration (FDA) approval of 10 more
agents that contributed to improved survival; new treatments
included androgen receptor (AR)-targeted therapies (apalut-
amide, enzalutamide, abiraterone, darolutamide), a chemo-
therapy (cabazitaxel), a radioisotope (radium-223), a cancer
vaccine (sipuleucel-T) and 3 DNA-damaging agents (olaparib,
rucaparib, niraparib).”’ Despite the approval of a number of
new agents for advanced diseases, each of these treatments has
prolonged survival by only a few months. Thus, new therapies
such as immunotherapy are greatly needed. For other tumor
types, immunotherapy has demonstrated dramatic and durable
treatment responses, leading many to believe that immunother-
apies might be an ideal treatment approach for patients with
advanced PC.5¥!

Immune checkpoint inhibitors (ICIs) are novel biologic
drugs to treat tumors by blocking the regulatory interactions
that limit T-cell cytotoxicity to tumors.”! Immune-checkpoint
monotherapies or combination regimens targeting cytotoxic
T lymphocyte antigen 4 (CTLA-4) and/or the programmed
death-1 (PD-1)/PD-1 ligand (PD-L1) axis have become standard
treatment for multiple tumors deemed immunologically “hot,”
including melanoma, nonsmall cell lung cancer (NSCLC), renal
cell carcinoma (RCC), and bladder cancer, among others.[1*-13!
However, tumors that are immunologically “‘cold’” due to a rel-
atively low somatic mutation frequency and few tumor-infiltrat-
ing T cells, such as mCRPC, are considered relatively resistant
to immune-checkpoint therapy.'¥ Although the FDA granted
accelerated approval to pembrolizumab for patients with
microsatellite instability-high (MSI-H) or deficient mismatch
repair (IMMR) solid tumors irrespective to tumor origins,!’!
MSI-H/dMMR patients only account for 2% to 3% of mCRPC
patients which limits the application of immunotherapy in
PC.1"¢I Recently, ICIs have revolutionized the therapeutic land-
scape of clinical oncology by inducing durable T cell-mediated
antitumor responses in patients with advanced malignancies.!!”!
Combinations of ICIs can convert tumors from “cold” to “hot,”
whereby tumor-infiltrating T cells are increased and compensa-
tory inhibitory pathways are blocked, thereby generating anti-
tumor responses.!'s! The number of trials has rapidly increased
due to the development of ICIs, used alone or in combination
with other modalities. It is necessary to analyze previous stud-
ies to offer evidence-based guidelines for clinical practice. Thus,
the current study aimed to systematically assess the clinical effi-
cacy and safety of immune checkpoint inhibitors in mCRPC,
and also performed subgroup analysis to determine the efficacy
among patients with different ICIs.

2. Methods

2.1. Ethics statement

All analyses in this article were based on previously pub-
lished studies, so ethical approval and patient consent are not
applicable.

2.2. Search strategy

A literature search and review of major bibliographic databases
was performed using the following search terms: “Prostate
Cancer [Mesh]” OR “Ipilimumab [Mesh]” OR “Avelumab
[Mesh]” OR “Pembrolizumab [Mesh]” OR “Atezolizumab
[Mesh]” OR “Durvalumab [Mesh]” OR “Nivolumab [Mesh]”
OR “Tremelimumab [Mesh]” OR “Anti-CTLA-4 Mab [Mesh].”
We used this search strategy to search PubMed, Medline, Embase,
and Cochrane Library from their inception to October 31, 2020.
Articles published online ahead of print were included. Meeting
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abstracts without published full-text original articles were not
eligible for this study. Two reviewers (ZW and LZ) independently
checked the articles for eligibility, and disagreements were fur-
ther assessed and resolved by another reviewer (CZ).

2.3. Selection criteria

The selection criteria were defined according to the PICOS
framework. The inclusion criteria were as follows: (1) popula-
tion: participants with pathologically or cytologically confirmed
prostate adenocarcinoma (detected prostate cancer cells via
urine cytology), radiographic evidence of metastases (conven-
tional imaging techniques, including computed tomography,
magnetic resonance imaging, and positron emission tomogra-
phy have been employed for metastatic tumor), prior disease
progression despite ADT, and a castrate level of testosterone
(<50ng/dL); progression may present as either a continuous
rise in serum prostate-specific antigen (PSA) levels (values iden-
tified at a minimum of 1 week intervals with a minimal value
of 2.0ng/mL, with estimations of PSADT with at least 3 val-
ues measured > 4 weeks apart), the progression of pre-existing
or new radiographic disease, and/or clinical progression with
symptoms; (2) intervention: ICI alone, multiple ICIs, or ICI fol-
lowing radiotherapy; (3) comparison: ICI plus chemotherapy or
ICI plus androgen receptor inhibitor; (4) outcomes: endpoints
included at least one of the below targets: objective response
rate (ORR), PSA response rate, 1-year OS rate, and rates of all
grades of drug-related adverse events (AEs) and grade > AEs;
and (5) study design: randomized controlled trial (RCT) or non-
randomized controlled trial (non-RCT).

The exclusion criteria included: (1) nonhuman studies; (2)
conference abstracts, letters, literature reviews, case reports; (3)
insufficient data for extraction, and required clinical data were
not available for analysis even after checking with the authors.

2.4. Data extraction

Two reviewers checked and screened reports and extracted data
from the included studies and collected the following data: (1)
study: the first author name, publication year, journal name,
study cohort, and study phase; (2) cases: number of patients,
age, and cancer type; (3) intervention: ICI alone, dual IClIs,
doses, and usage; (4) outcomes: ORR, progression-free survival
(PES), OS, PSA response rate, and 1-year OS rate; and (5) toxic-
ities: rates of any grade and grade 3 or higher AEs. Differences
of opinion were discussed with a third reviewer.

2.5. Quality assessment

The modified Jadad score was applied for methodological qual-
ity judgment of the RCTs depending on the following condi-
tions: randomization (0 - 2 points), concealment of allocation
(0 - 2 points), double blinding (0 - 2 points), and withdrawals
and dropouts (0 - 1 point)."! Included nonrandomized stud-
ies were assessed by methodological index for nonrandomized
studies (MINORS).?%

The work has been reported in line with PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses) and
AMSTAR (Assessing the Methodological Quality of Systematic
Reviews) Guidelines. !l

2.6. Data analyses

The data analyses were performed using STATA 12.0 software
(Stata Corporation, College Station, TX) and The R Project for
Statistical Computing. We used a fixed-effect model (Mantel-
Haenzsel test) a priori. If significant heterogeneity (P < .1 and I?
> 50%) was found, we assessed the results using a random-ef-
fect model (DerSimonian and Laird method). The efficacy of
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Immune checkpoint inhibitors was evaluated by calculating
the PSA response rates and 1-year OS rates with corresponding
95% Cls. The safety was determined by assessing the risk of
any-grade AEs and grade > 3 AFEs. Heterogeneity was assessed
using the chi-squared and I-squared statistics, and we performed
subgroup analyses to evaluate heterogeneity. Publication bias
was assessed using funnel plots or Egger funnel plots.

3. Results

3.1. Literature search results

The flowchart of the study search and selection is shown in
Figure 1. After searching the database of PubMed, Embase,
Web of Science, and Cochrone Library, we finally identified
2247 relevant references, of which 361 were duplicated. We
screened the studies for eligibility, and disagreements were judi-
cially assessed and resolved by a third reviewer. After removing
duplicate articles, and further screening titles and abstracts,
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1770 articles were excluded, including reviews, meta-analyses,
conference abstracts, case reports, letters, guidelines, animal
experiments, not meeting the requirements, and non-English
literature. After the full-text review, a total of 12 studies with
1389 patients were identified that were eligible for inclusion in
the meta-analysis.

3.2. Characteristics of included studies

Based on the inclusion and the exclusion criteria, we identified
total 12 studies. The basic characteristics of the included 12
studies are listed in Table 1. The sample size of the included
studies (2 RCTs and 10 non-RCTs) ranged from 6 to 400
patients and the average age across studies ranged from 57 to
75 years. We categorized the regimens by class as monother-
apy with ipilimumab (10 cohorts; n = 924 patients), pembroli-
zumab (6 cohorts; n = 360 patients), and combination therapy
with PD-1 inhibitors (nivolumab) plus CTLA-4 inhibitor
(ipilimumab) (3 cohorts; n = 105 patients). There were 2 RCT

Studies identified through database
searching (n=2247)
PubMed (n=105)
Embase (n=1426)
Web of Science (n=628)
Cochrane Library (n=88)

v

Studies after duplicates
removed (n=1886)

A

Number of studies excluded (n=1770)
Review or meta-analysis or conference
abstract or case report or letters or
guidelines (n=894)

Animal experiment (n=13)

Not meeting the requirements (n=850)
Non-English Literature (n=13)

Titles and abstracts screened
for eligibility (n=116)

v

\ 4

Full-text articles screened

Number of studies excluded (n=104)
Unable to get full text (n=6)

Not meeting the requirements (n=39)
Case report or Trials or Meeting Abstract
(@=50)

Combine other drugs or treatments (n=9)

for eligibility (n=12)

Studies included in qualitative
synthesis (n=12)
Pembrolizumab (n=4)
Ipilimumab (n=6)
Nivolumab Plus Ipilimumab (n=2)

Figure 1. Flowchart of study selection procedure.
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Baseline characteristics and data of included studies using immune checkpoint inhibitors.

Mean age Cancer AIAE 3-4AE PSA 1-year 0S
Author Cohort Year Phase Patient (range) type Intervention Dose rate (%) rate (%) rate (%) Quality
Fizazi et al®? 1 2020 i 399 69 (63-74) mCRPC  Ipilimumab 10mg/kg g3 weeks IV 98 76 13 47 5
Beer et al*¥ 1 2016 i 400 70 (44-91) mCRPC  Ipilimumab 10mg/kg q3 weeks IV 81 40 23 78 5
Subudhi etal™ 1 2020 II 30 NR mCRPC  Ipilimumab 3ma/kg g3 weeks IV 100 28 63 14
Graff et al*¥ 1 2020 Il 10 64.5 mPC Ipilimumab 10mg/kg q3 weeks IV 60 NR 30 100 14
(59-69)
Small et al®°l 1 2007 NR 14 70.5 HRPC  Ipilimumab 3mg/kg single IV NR 14 14 NR 14
(56-79)
Slovin et alt®® 1 2013 /11 8 69 (55-78) mCRPC  Ipilimumab 3mg/kg q3 weeks IV 100 25 25 NR 13
2 7 68 (54-81) Ipilimumab 3ma/kg g3 weeks IV 86 43 29
3 6 57 (51-68) Ipilimumab 5mg/kg q3 weeks IV 83 50 17
4 16 65 (53-76) Ipilimumab 10mg/kg g3 weeks IV 100 63 25
5 34 66 (50-83) Ipilimumab 10mg/kg g3 weeks IV 85 38 12
Antonarakis 1 2019 Il 133 68 (48-85) mCRPC  Pembrolizumab  200mg g3 weeks IV 60 15 12 41 12
et al?”) 2 66 68 (53-84) 8 35
3 59 71 (53-90) 2 62
Hansen et al®® 1 2018 NR 23 65 (46-83) CRPC  Pembrolizumab  200mg g2 weeks IV 61 17 13 36.7 12
Tucker et al®” 1 2019 NR 25 74 (51-87) mCRPC  Pembrolizumab  200mg g3 weeks IV 12 44 12
Higa et alt* 1 2019 NR 54 75(61-83) R/APC  Pembrolizumab  200mg g3 weeks IV 41 20 16 NR 12
Sharmaetal™® 1 2020 NR 45 69 (48—-85) mCRPC  Nivolumab plus  1mg/kg + 3mg/kga3 NR 93 17.6 67 12
Ipilimumab weeks IV
2 45 65 (46-84) Nivolumab plus  1mg/kg + 3ma/kgg3 96 10 58
Ipilimumab weeks IV
Boudadietal® 1 2018 NR 15 NR mPC Nivolumab plus  3mg/kg + 1Tmg/kga3 NR 47 13 13 12
Ipilimumab weeks IV

AE = adverse event, HRPC = Hormone-Refractory prostate cancer, IV = intravenous, mCRPC = metastatic castration-resistant prostate cancer, mPC = metastatic prostate cancer, NR = not related.,
0S = overall survival, PC = prostate cancer, PSA = prostate-specific antigen, R/APC = Recurrent or Advanced Prostate Cancer.

Study % Study %
© HR(95%Cl  Weight D HR(85%Cl)  Weight
Fizazi e1.21.2020 R —— 086(052,084) 4975 Fizazi et al,2020 —_— 0.70(061,0.82) 6313
Beer etal.2016 | —————— 111(088,139) 5025 Beer et al. 2016 _— 067 (0.55,0.81) 3687
Overall (-squared = 89.4%, p = 0.002) <:> 086 (051,1.43) 10000 Overall (l-squared = 0.0%, p = 0.725) <> 069 (061,0.77) 100.00
HOTE: Weights are from randam effects analysis.

T T T T

515 194 55 182
Study % Study %
D OR (95% CI) Weight D OR (95% CI) Weight
Fizazi et al 2020 —-—%— 2.73(1.49, 5.00) 4557 Fizazi et al 2020 ———=4.09(1.85,9.01) 4032
Beer et al, 2016 —QH 3.41(1.84,5.98) 54.43 Beer et al, 2016 —_— 1.98 (1.00, 3.93) 59.68

Overall (l-squared = 0.0%, p = 0.598) <> 3.10 (2.05, 4.68) 100.00 Qverall (I-squared = 46.8%, p = 0.170) 2.83(1.70,4.69) 100.00

167 508 11 1 9.01

Figure 2. (A) Forest plot for pooled OS for patients receiving immune checkpoint inhibitors. (B) Forest plot for pooled PFS. (C) Forest plot for pooled PSA. (D)
Forest plot for any grade AEs. AEs = adverse events, PSA = prostate specific antigen, PFS = progression-free survival.
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Weight Weight

Study Events Total Proportion 95%-Cl (fixed) (random)
Antonarakis et al,2019a 7 133 —'— 0.05 [0.02;0.11] 45.3% 23.1%
Antonarakis et al,2019b 2 66 = 0.03 [0.00; 0.11] 22.5% 20.6%
Hansen et al,2018 4 23 : : 0.17 [0.05;0.39] 8.0% 14.8%
< '
<=

N W o
w
o

Sharma et al,2020a 32 —_— 0.25 [0.11;0.43] 11.0% 16.8%
Sharma et al,2020b . 0.10 [0.02;0.27] 10.3% 16.4%
Boudadi et al, 2018 8 —= + 0.25 [0.03;0.65] 29% 8.3%
Fixed effect model 292 < 0.07 [0.04; 0.10] 100.0% -
Random effects model - 0.10 [0.04; 0.19] --  100.0%

Heterogeneity: /2 = 70%, t°= 0.0136,p<001 I T T T T 1
Residual heterogeneity: 12=45%,p=0.12 01 02 03 04 05 06

Figure 3. Forest plot for pooled ORR for patients receiving immune checkpoint inhibitors. ORR = objective response rate.

Weight Weight

Study Events Total Proportion 95%-Cl (fixed) (random)
Antonarakis et al,2019 54 133 —_— - 0.41 [0.32;0.49] 3.7% 9.5%
Antonarakis et al,2019 23 66 —_— 0.35 [0.24,0.48] 1.4% 8.2%
Antonarakis et al,2019 37 59 —— 0.63 [0.49;0.75] 4.1% 9.6%
Hansen et al,2018 8 23 e 0.35 [0.16;0.57] 0.5% 5.8%
Tucker et al,2019 11 25 —_— 0.44 [0.24,0.65] 0.8% 7.0%
-
Beer et al,2016 312 400 S o 0.78 [0.74,0.82] 58.0% 10.4%
Fizazi et al,2020 187 399 - 0.47 [0.42,0.52] 14.4% 10.2%
Graff et al, 2020 10 10 P 1.00 [0.69;1.00] 8.6% 10.0%
Subudhi et al,2020 19 29 ——'—f— 0.66 [0.46;0.82] 2.3% 8.9%
. e .
—
Boudadi et al, 2018 2 15— i | 0.13 [0.02;0.40] 0.1% 2.0%
Sharma et al,2020a 30 45 - 0.67 [0.51;0.80] 3.7% 9.5%
Sharma et al,2020b 26 45 —_— 0.58 [0.42,0.72] 2.5% 9.0%
—:::=:=—-
Fixed effect model 1249 RS 0.69 [0.66; 0.72] 100.0% -
Random effects model —_ 0.55 [0.45; 0.67] == 100.0%
| T T

Heterogeneity: /% = 93%, 1° = 0.0992, p < 0.01 |
Residual heterogeneity: /% = 92%, p < 0.01 02 04 06 038 1

Figure 4. Forest plot for pooled 1-year OS rate. OS = overall survival.
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reporting on the comparison of ipilimumab versus placebo;
therefore, this meta-analysis was based on the comparison of

non-RCTs.

3.3. Quality assessment of included studies

The included 2 RCT studies were of high-quality, which scored
5 points through modifies Jadad scale.??! Ten non-RCT
studies assessed using the MINORS index scored from 12
to 14 points,171824311 which were acceptable for the present
meta-analysis (Table 1).

3.4. Efficacy assessment of RCT studies

For mCRPC, 2 RCTs were selected in which chemotherapy-na-
ive (n = 602) and docetaxel-pretreated patients (n = 799) were
randomized to ipilimumab or placebo. In both studies, ipilim-
umab failed to show overall survival benefit over placebo (HR
= 0.86, 95% CI: 0.51-1.43, P = .553). Random effect model
was used to analyze the effect size since obvious heterogene-
ity was observed (I> = 89.4%, P = .002). However, there were
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significantly improved PFS and PSA with treatment of ipilim-
umab compared with placebo (HR = 0.69, 95% CI: 0.61-0.77)
and (HR = 3.10, 95% CI: 2.05-4.68), respectively (P < .001).
Heterogeneity was not detected between studies. Additionally,
the incidences of any grade AEs from ipilimumab therapy were
higher (HR = 2.83,95% CI: 1.70-4.69, P < .001) (Fig. 2), which
could not be neglected.

3.5. Efficacy assessment of the trials

The pooled ORR, 1-year OS rate and PSA response rate were
used to measure the efficacy of immune checkpoint inhibitors
in mCRPC.

In total, 4 trials were used to analyze the ORR, 11 trials
were used to assess the PSA response rate, and 9 trials were
assessed for the 1-year OS rate. The pooled ORR, 1-year OS
rate, and PSA response rate were 0.10 (95% CI: 0.04-0.19, I?
=70%, P < .01), 0.55 (95% CI: 0.45-0.67, 1> = 93%, P < .01)
and 0.18 (95% CI: 0.16-0.20, I = 43%, P = .03), respectively
(Figures 3, 4 and 5). We performed asymmetry tests using Egger
funnel plots to assess publication bias for the PSA response rate.

Weight Weight
Study Events Total Proportion 95%-Cl (fixed) (random)
Antonarakis et al,2019 15 124 ——++ 0.12 [0.07;019] 7.2% 10.3%
Antonarakis et al,2019 5 60 —+—-—:r 0.08 [0.03;0.18] 2.3% 5.4%
Antonarakis et al,2019 1 59 +— i 0.02 [0.00;0.09] 0.4% 1.3%
Hansen et al,2018 3 23 —— 0.13 [0.03;0.34] 1.5% 3.8%
Higa et al,2019 5 31 _“i_ 0.16 [0.05;0.34] 2.5% 57%
Tucker et al, 2019 3 25 —+H— 0.12 [0.03;0.31] 1.4% 3.8%
<!
Beer et al, 2016 91 393 :—'— 0.23 [0.19;0.28] 50.0% 16.4%
Fizazi et al,2020 39 297 — 0.13 [0.10;0.18] 19.0% 14.1%
Graff et al, 2020 3 10 — 0.30 [0.07;065] 1.8% 4.5%
Slovin et al,2013a 2 8 - : 0.25 [0.03;065] 1.1% 3.1%
Slovin et al,2013b 2 7 - 0.29 [0.04,0.71] 1.2% 3.2%
Slovin et al,2013c 1 6 : 0.17 [0.00;0.64] 0.5% 1.5%
Slovin et al,2013d 4 16 ar 0.25 [0.07,052] 23% 5.3%
Slovin et al,2013e 4 34 ——— 012 [0.03;0.27] 1.9% 4.7%
Small et al,2007 2 14 : 0.14 [0.02;0.43] 1.0% 2.8%
o -
Boudadi et al, 2018 2 15 - 0.13 [0.02;0.40] 1.0% 2.7%
Sharma et al,2020a 6 34 —-!:— 0.18 [0.07;0.35] 3.1% 6.5%
Sharma et al,2020b 4 40 —+— 0.10 [0.03;0.24] 1.9% 4.6%
<
S
Fixed effect model 1196 <'> 0.18 [0.16; 0.20] 100.0% --
Random effects model <> 0.15 [0.12; 0.20] -— 100.0%

Heterogeneity: /2 = 43%, 1° = 0.0770,p=003 I T T 1
Residual heterogeneity: 1? = 23%, p=019

01 0203 04 05 06 07

Figure 5. Forest plot for pooled PSA response rate. PSA = prostate specific antigen.
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Standardised treatment effect (z-score)

Inverse of standard error

Figure 6. Asymmetry test using egger funnel plots to investigate publication
bias for PSA response rate. PSA = prostate specific antigen.

Egger funnel plots examination did not show evidence of publi-
cation bias (Fig. 6).

3.6. Subgroup analysis of heterogeneity

To determine any potential heterogeneity, we further do sub-
group analyses based on drug type. We analyzed subgroups
according to drug type, and the main analysis data were listed
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in Figure 5. We observed significant heterogeneity in the ipili-
mumab group (I = 41%, P = .09). No significant heterogene-
ity was found in the pembrolizumab (I* = 2%, P = .41) and
nivolumab plus ipilimumab (> = 0%, P = .54) subgroups.
The above data indicate that drug type may serve as potential
sources of heterogeneity.

3.7. Safety assessment of included studies

The overall risks of all-grade AEs and grade > 3 AEs were deter-
mined to assess the safety of immune checkpoint inhibitors as
treatments for mCRPC. In total, 8 studies were selected to cal-
culate the pooled rate of all-grade AEs, and 10 studies were used
to calculate grade > 3 AE rates. We selected a random-effects
model to assess the summarized rate of AEs. The pooled rates
of any grade AEs and grade > 3 AEs were 0.82 (95% CI: 0.74—
0.91,1>=94%, P < .01) and 0.42 (95% CI: 0.33-0.54, > = 96 %,
P < .01), respectively (Figures 7 and 8).

4. Discussion

mCRPC is not considered curable, thus the current treatment
goal is generally prolonging survival as long as possible and
increasing patients’ quality of lives.’?! Although the treatment
scenario of mCRPC has been recently revolutionized by the
approval of several agents able to increase survival,’3>-% none
of these drugs is curative and yields only around 36 months for
the median survival.3%37I Therefore, there is an urgent need for
more effective agents, more capable of shrinking visceral and
bone lesions, prolonging PFS, and having less adverse effects, in
contrast to the conventional chemotherapies. We performed a
systematic review and meta-analysis of the published literature
presented in major databases. In our study, we pooled 2 RCTs
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Figure 7. Forest plot for the pooled rates of any grade AEs. AEs = adverse events.




Wang et al. ® Medicine (2022) 101:31 Medicine
Weight Weight
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Figure 8. Forest plot for the pooled rates of grade > 3 AEs. AEs = adverse events.

of ipilimumab to verify that it performs better for extended
PFES over placebo (HR = 0.69, 95% CI: 0.61-0.77) in patients
with mCRPC and a higher proportion of patients with a con-
firmed >50% PSA decline (HR = 3.10, 95% CI: 2.05-4.68).
Although targeting the immune checkpoint molecule CTLA-4
with ipilimumab in patients with mCRPC failed to demonstrate
a survival benefit in 2 phase 3 clinical trials, there was a sub-
set of men who derived significant durable clinical responses
after treatment with ipilimumab. Of note, the PFS improvement
observed across these 2 mCRPC ipilimumab trials is unique
among all immunotherapeutic approaches in clinical develop-
ment for PC.12223

This study demonstrated that the ORR, 1-year OS rate, and
PSA response rate for mCRPC patients treated with the ICIs
were 0.10 (95% CI: 0.04-0.19, I = 70%, P < .01), 0.55 (95%
CL: 0.45-0.67, > = 93%, P < .01) and 0.18 (95% CI: 0.16—
0.20, 1> = 43%, P = .03), respectively, indicating an antitumor
activity. So far, none of the clinical trials that has explored ICIs
monotherapy in PCa have shown a significant survival bene-
fit.1’® The absence of validated predictive biomarkers impedes
clinicians in selecting patients expected to respond to immu-
notherapy.’”! Initial data in other solid tumors suggested that
PD-L1 levels expressed on tumor cells could be a biomarker of
response. Further research, however, showed that PD-L1 nega-
tive cancers also could respond to ICIs, making the overall data

inconsistent.*”) The KEYNOTE-028 trial included 23 patients
with mCRPC and initially suggested that PD-L1 expression
(21% modified proportion score or interface pattern) could pre-
dict response to ICIs (ORR = 17.4%, 95% CI: 5-38.8).2% These
results were not replicated in a larger cohort study in the larger
KEYNOTE-199 trial evaluating pembrolizumab in patients with
mCRPC and with prior exposure to docetaxel (258 patients);
this trial stratified patients according to the level of PD-L1
expression and the presence of measurable disease. The ORRs
were 5% (95% CI: 2-11) and 3% (95% CI: 1-11) in those
presenting with measurable disease in the PD-L1 * and PD-L1-
cohorts, respectively.?”! The sensitivity to PD-1/PD-L1 blockers
did not seem to be related to PD-L1 expression on cancer or
immune cells. Further studies are exploring the combination of
ICIs. In the CheckMate 650 trial, 63 patients were evaluable
for determining tumoral PD-L1 expression status. In patients
with PD-L1 > 1% versus PD-L1 < 1%, the ORR (95% CI) was
36.4% (10.9-69.2) versus 12.1% (3.4-28.2), respectively.®!

It is well known that the tumor mutation burden (TMB) has
been considered as a biomarker of response to ICIs.*!l This is
because of a common feature among tumors with a higher prob-
ability of response to these drugs, which is the higher preva-
lence of somatic mutations in their genomes.*?! However, PC
are both cold tumors with low TMB and are consequently not
responsive to ICIs—a situation that creates a challenge for the
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successful application of immunotherapy in these cancers.[*!
Treatment with ipilimumab and nivolumab resulted in an ORR
of 56.3% in patients with a TMB above the median (74.5
mutations/patient) in the CheckMate 650 trial as well as lon-
ger radiographic progression-free survival when compared with
those who had a TMB below the median (7.4 months [95% CI:
6.5 months to not estimated] vs 2.4 months [95% CI: 1.8-3.9
months], P <.0001).1"8

High ORRs to ICIs in tumors with microsatellite instabil-
ity or mismatch repair (MMR) deficiency is a prime exam-
ple of high TMB tumors responding to immunotherapy
with ICIs. MMR deficiency induces frameshift mutations in
tumors that can increase the likelihood of neoantigen forma-
tion in tumors.*®! Due to the accumulation of neoantigens
and presence of more tumor-reactive T-cells in tumor tissues,
MMR-deficient tumors are most likely to be associated with
high ORR to ICIs.*?l Pembrolizumab is approved for patients
with metastatic, microsatellite instability (MSI)-high or mis-
match repair-deficient ({IMMR) solid tumors.!"S) However,
very few men with PC were included in these initial stud-
ies.['l Only 1 (6%) of the 18 mCRPC patients were found
to be MSI-high also had high TMB.?’! Alterations in DDR
genes can lead to genomic instability, which can also yield
increased neoantigen formation and greater immunogenic-
ity. DDR alterations can be found in 22.7% of PC patients
with BRCA2 and ATM being the most frequently affected
genes.[**471 With this in mind, an exploratory analysis of
the KEYNOTE-199 trial indicated a potential correlation
between alterations in DDR genes captured by whole-exome
DNA sequencing and response to an anti-PD-1 antibody, but
the ORR was still low (11%).27' In the CheckMate 650 trial,
treatment with ipilimumab plus nivolumab was associated
with an ORR of 40% among the 10 patients with DDR gene
alterations presenting with measurable disease.!$!

It is well known that ICIs inhibit immune checkpoints and
promote T-cell function. ICIs are already widely used in clin-
ical setting to against tumor cells. Unfortunately, ICIs also
have a series of immune-related AEs as a side effect. In this
study, we performed a meta-analysis to assess AEs and the
safety of ICIs. The overall rate of any-grade AEs was 82%,
while in all included patients the risk of grade > 3 AEs only
reached 42%. Our analysis data indicated that ICIs have a
wide range of AEs that should not be ignored in patients
with mCRPC. Our data also indicated ICIs have a latent
treatment potential for mCRPC patients with an acceptable
risk tolerance.

In this study, we found severe heterogeneity in the selected
12 articles. We speculate potential sources of this heterogeneity
might come from the use of different doses of ICIs. Thus, for the
objectivity of the results, we used random-effect models for the
analysis. We also generated Egger funnel plots to further assess
publication bias and determined that publication bias was not a
factor contributing to heterogeneity.

4.1. Limitations

A few of limitations may exist in our analysis. First, due to
a larger number of RCTs of ICIs has not been conducted in
mCRPC patients, most of the included studies were completed
phase 1, II, and III randomized single-arm trials, and potential
treatment bias might exist in these studies. Second, the trials in
our meta-analysis lacked data showing comparisons of the ICIs
with chemotherapy drugs, due to the scarcity of control studies
on mCRPC patients. In one study, we found that 17% (8/48)
had a > 50% confirmed PSA decline with pembrolizumab, and
8% (4/48) had a > 90% PSA decline with durations of response
ranging from 3.1 to 16.3 months. Despite prior progression on
enzalutamide, 48% (23/48) of men were treated with concur-
rent enzalutamide. The median PSA progression-free-survival
was 1.8 months (range 0.4-13.7 months), with 31% of patients
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remaining on pembrolizumab therapy and 54% of men remain
alive with a median follow-up of 7.1 months. In our analysis,
included data of RCTs indicate that our analysis results are rel-
atively consistent with the results of the currently finished RCTs
of ICIs to mCRPC, although lacks no direct comparison with
chemotherapy or other treatments. We also performed a sin-
gle-rate meta-analysis to determine the pooled precise indicators
of efficacy and safety of ICIs and provide statistical references
for clinicians. To enhance T-cell activities in mCRPC, several
combination strategies are currently under development, includ-
ing ICIs combined with anticancer vaccination, PARP inhibi-
tion, radium-223, chemotherapy, or enzalutamide.
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