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Abstract

Background: The clinical efficacy ofimmune checkpoint inhibitors (CPIs) has been proven; however, it is also known that their
efficacy as monotherapy is limited, with a response rate of 20% or less in solid tumors. The combination of CPIs and anticancer
agents has been actively attempted in solid tumors area. In this systematic review and meta-analysis, we aimed to find favorable
combination therapies of programmed death | (PD-1) or programmed death ligand | (PD-L1) inhibitors in terms of anti-tumor
efficacy in clinical settings.

Methods: An electronic database search was performed using ClinicalTrials.gov, PubMed, and ASCO/ESMO annual meeting
libraries. We included randomized or non-randomized trials designed to evaluate the efficacy and safety of combination
therapies of PD-1/PD-LI inhibitors and other anticancer drug-containing therapies. All clinical studies selected were solid
tumors with objective response rate (ORR) data. The quality of the evidence was assessed with the Cochrane risk of bias tool or
the Newcastle-Ottawa Scale. Meta-analysis used random effects models to pool results.

Results: Sixteen studies involving 3793 patients were included in the primary analysis. These studies have a monotherapy group
with PD-1/PD-LI inhibitors as the control group or the in-study arm/cohort (1863 patients in the combination group with PD-
[/PD-LI inhibitors and 1930 patients in PD-1/PD-L1 inhibitor monotherapy). The pooled results showed that the combination
of PD-1/PD-LI inhibitors and other anticancer drugs significantly improved the ORR (relative risk [RR] = 1.79, 95% confidence
interval [CI] 1.46, 2.20). In the subgroup analysis, PD-1/PD-LI inhibitor plus DNA-synthesis or microtubule inhibitor led to a
statistically significant improvement in the ORR compared to PD-1/PD-LI inhibitor alone.

Conclusions: It was suggested that combinations of PD-I/PD-LI inhibitors and potential immunogenic cell death (ICD)
inducers improve the clinical anti-tumor efficacy, although updated meta-analyses based on the results of ongoing clinical trials
are further needed.
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anticancer agents that specifically target tumorigenic molec-
ular pathways. Moreover, CPIs in addition to conventional
cytotoxic chemotherapy agents have advanced significantly.
In particular, PD-1 antibodies (pembrolizumab, nivolumab),
or PD-L1 antibodies (atezolizumab, avelumab, and durvalu-
mab), and anti-cytotoxic T-lymphocyte-associated protein 4
(CTLA-4; ipilimumab) have shown efficacy in several cancers
and have been approved by the US Food and Drug Admin-
istration (FDA) and other regulatory agencies as CPIs.>>

PD-1 is predominantly expressed on activated or exhausted
T cells, B cells, and NK cells. PD-L1, a PD-1 ligand, is
constitutively expressed in many tissues, but is known to be
enhanced in tumor cells and immune cells that infiltrate cancer
tissues. The interaction between PD-1 and PD-L1 transduces
immunosuppressive signals and reduces the activity of tumor-
reactive T cells, and anti PD-1/PD-L1 antibodies have been
shown to exert anti-tumor effects through this inhibitory
mechanism.* CTLA-4 is expressed on tumor-reactive T cells
and regulatory T cells (Treg), which transmit inhibitory signals
to tumor-reactive T cells through interaction with dendritic
cell-surface B7 (CD80/86) to support the maintenance of its
inhibitory function on Treg. Anti CTLA-4 antibodies have
been shown to exert anti-tumor effects by inhibiting cancer
immune responses.”®

The clinical efficacy of CPIs has been proven in clinical
settings; however, it is also known that their efficacy as
monotherapy is limited to a subset of patients with most tumor
types studied to date. Moreover, it has a response rate of 20%
or less in many solid tumors, including breast, colon, lung,
urothelial, and prostate cancer, thus warranting further im-
proved outcomes.” The factors that affect the responsiveness
to monotherapy with CPIs have not been elucidated. However,
unlike in so-called “inflamed tumors” where T cells infiltrate
the tumor tissue, the antitumor efficacy of CPlIs is thought to
be limited when T cells remain in the tumor stroma (immune
excluded tumor) or when T cells are absent from the tumor site
(immune desert).® Given this background, combination
therapy with CPIs and existing anticancer agents with dif-
ferent mechanisms of action (eg, cytotoxic anticancer agents
and molecular targeted agents) is being actively attempted.
Combination therapy is not only expected to have a mere
additive effect on standard therapies with established efficacy
and safety, but it is also expected to synergistically enhance the
anti-tumor efficacy of CPIs. For instance, the potential syn-
ergistic effects can be derived from inhibiting the production
of immunosuppressive cells (eg, Treg cells and myeloid-
derived suppressor cells [MDSCs]) and their associated hu-
moral factors, such as immunosuppressive cytokines and other
endogenous immunosuppressive molecules. The synergistic
effects can also be attributed to the induction of ICD with the
release of tumor antigens followed by T-cell infiltration into
tumor sites and T-cell activation by enhancing the function of
antigen-presenting cells.

Nonclinical studies have reported that cyclophosphamide
(an alkylating agent), doxorubicin (an anthracycline), and

oxaliplatin (a platinum-based agent) induce ICDs and/or T-cell
infiltration into tumors, potentially leading to sensitization of
tumors to CPIs.”'” In addition, cyclophosphamide, taxanes (eg,
paclitaxel and docetaxel), and gemcitabine (a cytidine analog)
have been reported to suppress Treg. Doxorubicin, doce-
taxel, gemcitabine, and 5-fluorouracil (a fluoropyrimidine-
based agent) have been reported to suppress MDSCs."!
Among the anticancer drugs that have been shown to in-
duce ICD in nonclinical studies, DNA synthesis inhibitors
such as alkylating agents, platinum agents, DNA antimetab-
olites, and taxanes are expected to enhance the efficacy of
CPIs in clinical settings.'? In contrast, it has also been reported
that the same agents can have a negative impact on the anti-
tumor immune response;”’14 therefore, no clear conclusion
has been drawn on the clinical significance of combination
therapy on anti-tumor efficacy. It is also necessary to consider
that combinations of drugs with different mechanisms of
action are associated with enhanced safety risks.

In this study, we conducted a meta-analysis to evaluate the
contribution of combinations of anticancer drugs and CPIs to
the improved clinical tumor response and anti-tumor efficacy,
particularly the anticancer drugs that may induce ICDs and
other molecular targeted agents.

Materials and Methods
Search Strategy

This meta-analysis was based on randomized controlled trials
(RCTs) designed to compare FDA-approved combination
therapies of anti PD-1/PD-L1 inhibitors as of December 2020
(ie, nivolumab, pembrolizumab, atezolizumab, avelumab, or
durvalumab) in addition to anticancer drug therapies with a
comparator arm of either PD-1/PD-L1 inhibitor or other an-
ticancer drug monotherapy. Non-randomized trials were in-
cluded if multiple treatment arms or cohorts of combination of
either of the PD-1/PD-L1 inhibitors plus other anticancer
drug-containing therapies and either of the PD-1/PD-L1 in-
hibitors or other anticancer drug monotherapy were within the
same study. To evaluate the benefit of contribution of PD-1/
PD-L1 inhibitors and non-immunomodulatory intent anti-
cancer drugs for the clinical tumor response in solid organ
cancers, the following criteria were applied to select clinical
studies to be evaluated in this study: (i) RCT or multi-arm/
cohort studies that compared the efficacy of combination
therapy of PD-1/PD-L1 inhibitor (nivolumab, pem-
brolizumab, atezolizumab, avelumab, or durvalumab) plus
anticancer drug with a control group; (ii) studies with PD-1/
PD-L1 inhibitor monotherapy or non PD-1/PD-L1 inhibitor
treatment group as a control group; and (iii) studies in which
efficacy data of ORR were published or disclosed. Clinical
trials that met the following criteria were excluded: (i) trials in
patients with hematological cancers; (ii) trials in which immu-
notherapy (vaccines, CPIs other than the above PD-1/PD-L1
inhibitors, cytokines, and treatments with immunostimulatory
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effects such as Bacillus Calmette-Guérin (BCG)s and indole-
amine 2,3-dioxygenase (IDO) inhibitors) were included as study
intervention; (iii) trials in which anticancer procedures (radio-
therapy, tumorectomy, etc.) were included as study intervention,
and (iv) trials evaluating adjuvant or neo-adjuvant therapy.

The clinical trials evaluated in this study were searched and
extracted using the multiple strategies. As a primary data
source, we utilized ClinicalTrials.gov (https://ClinicalTrials.
gov) using each of the drug names (nivolumab including
[nivolumab or BMS-936558 or MDX-1106 or MDX-1106-04
or nivolumab BMS or ONO-4538 or Opdivo], pembrolizumab
including [pembrolizumab or Keytruda or ambrolizumab or
lambrolizumab or mDX-400 or MK-3475 or SCH- 900475],
atezolizumab including [atezolizumab or MPDL-3280A or
PRO-304397 or RG-7446 or RO-5541267 or Tecentriq],
avelumab including [avelumab or MSB-0010682 or MSB-
0010718C or PF-06834635 or Bavencio], and durvalumab
including [durvalumab or MEDI-4736 or Imfinzi]) as the key
words. Among the registered trials with their study results, we
identified trials with a combination therapy containing PD-1/
PD-L1 inhibitors as the treatment group, except for those in
hematologic cancers. We also used PubMed (https://pubmed.
ncbi.nlm.nih.gov/) as a secondary data source and searched for
clinical trials on solid tumors in which article type was reg-
istered as “Clinical Trial” using (pembrolizumab or nivolumab
or atezolizumab or avelumab or durvalumab) and (clinical or
trial) and (combination or plus or with) as the search terms.
Furthermore, as a third data source, the American Society of
Clinical Oncology (ASCO) Meeting Library (https://
meetinglibrary.asco.org/) and the European Society for
Medical Oncology (ESMO) Meeting Resources (https://
oncologypro.esmo.org/meeting-resources) were referenced
using the search terms, including (nivolumab, pem-
brolizumab, atezolizumab, avelumab, or durvalumab) and
(clinical or trial) and (combination or plus or with) to find
clinical trials with solid tumor subjects in the abstract of the
Annual Meetings.

Clinical trials extracted on the data cut-off date (December
31, 2020) according to the above procedures were eligible for
assessment. The language was restricted to English.

Data Extraction and Quality of Evidence

Two independent reviewers (TI and MN) screened the names
and designs of the clinical trials for the records derived from
ClinicalTrials.gov or the titles and abstracts derived from the
other data sources, followed by assessment of eligibility based
on the full texts. Disagreements about eligibility were resolved
through discussion. The primary endpoint was tumor response
rate (ie, objective response rate; ORR). The tumor response
rate was defined as the proportion of subjects whose objective
response is confirmed complete response or partial response.
For response rate, we collected the exact number of events and
the total number of subjects included in the analysis. We also
identified all the trials by ClinicalTrials.gov identification

number (ie, NCT number), identification number in other local
study registration, or first author and the year of publication,
and extracted the following information from the reports: NCT
number or other local study identification number, first author,
publication year, intervention of experimental treatment and
control groups, number of subjects enrolled in each group,
study phase, subject allocation (ie, randomized or non-
randomized), and tumor type/disease condition. A single re-
viewer (TI) performed the initial data extraction using a
standardized data collection form and second reviewer (MN)
carefully checked them. Discrepancies were resolved through
a discussion between them.

The quality and risk of bias of randomized controlled trials
(RCTs) were assessed with the revised Cochrane Collabora-
tion’s risk of bias tool (RoB 2.0)."> Non-randomized cohort
studies were assessed using the Newcastle-Ottawa Scale, '
ranging between zero up to 9 stars. We followed the
PRISMA (Preferred Reporting Items for Systematic Re-
views and Meta-Analyses) guidelines for the purpose of this
analysis.'” The review protocol was registered with the
International Platform of Registered Systematic Review
and Meta-Analysis Protocols [INPLASY] (registration
number: INPLASY2022100004).

Statistical Analysis

The meta-analysis was performed using the RevMan version
5.3 (The Nordic Cochrane Centre, The Cochrane Collabo-
ration, Copenhagen, Denmark). All analyses were performed
using a random effects model because study cohorts were
expected to be different (eg, multiple tumor types) and
treatment regimens were not identical among studies. An-
alyses were conducted for the following groups: PD-1/PD-
L1 inhibitor plus other anticancer drugs vs control therapies,
and PD-1/PD-L1 inhibitor plus other anticancer drugs vs PD-
1/PD-L1 inhibitor monotherapies. Subsequently, subgroup
analyses by mode of action of the concomitant anticancer
drugs, PD-1 or PD-L1 inhibitors, and tumor types were
performed. For all analyses, pooled risk ratios for ORR with
95% CI in the intention-to-treat (ITT) population were
calculated, and P < .05, using a two-sided test, was con-
sidered statistically significant. Heterogeneity among studies
was assessed using the Q test and I index, and statistically
significant heterogeneity was considered at P < .05 or
I7>50%. Lastly, publication bias was evaluated by drawing a
funnel plot of the effect size for each trial against the re-
ciprocal of SE.

Results

Study Selection and Characteristics

The evaluated trials were identified as described in Figure 1.
For the 22 studies that have been reported in duplicate, we
only included the report with the most recent or most complete
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Figure |. Preferred reporting items for systematic reviews and meta-analyses (PRISMA) flow diagram of selecting clinical trials for this

analysis.

profile of ORR data as the data source. The main character-
istics of the 36 studies included in the analysis are summarized
in Table 1 and Supplementary Table 1. Among the 36 studies,
5 studies with nivolumab (10 combination therapy groups), 15
studies with pembrolizumab (15 combination therapy groups),
11 studies with atezolizumab (11 combination therapy
groups), 2 studies with avelumab (2 combination therapy
groups), and 4 studies with durvalumab (4 combination
therapy groups) were extracted. Thirty trials were randomized.
Fifteen trials (44%) were in patients with lung cancer (in-
cluding 13 non-small cell lung cancer [NSCLC]), followed by
3 trials each for ovarian cancer, colorectal cancer, and gastric
or gastroesophageal junction cancer.

The anticancer drugs frequently used in combination with
PD-1/PD-L1 inhibitors included cisplatin or carboplatin (13

studies), bevacizumab (6 studies), paclitaxel or nab-paclitaxel
(6 studies), acalabrutinib (5 studies), 5-FU (4 studies), pe-
metrexed (4 studies) and capecitabine (4 studies). We cate-
gorized the anticancer drugs into 4 main types and other
targeted therapies based on the mode of action: DNA synthesis
inhibitors, microtubule inhibitors, kinase inhibitors, and an-
giogenesis inhibitors. DNA synthesis inhibitors included
platinum-based chemotherapies (cisplatin and carboplatin),
antimetabolites (5-FU, capecitabine, etoposide, pemetrexed,
gemcitabine, and CC-486 [oral azacytidine], pegylated lipo-
somal doxorubicin, and decitabine plus tetrahydrouridine).
Microtubule polymerization inhibitors included taxanes
(paclitaxel and nab-paclitaxel). Kinase inhibitors included
epidermal growth factor receptor (EGFR) tyrosine kinase
inhibitors (erlotinib and osimertinib), Bruton’s tyrosine kinase


https://journals.sagepub.com/doi/suppl/10.1177/10732748221140694

Inoue and Narukawa 5

Table I. Characteristics of the Included Studies.

Studies with CPl mono arm/

All studies (N = 36) cohort (N = 16)
No. No. Combo No. No. Combo
Parameter Category Studies groups Studies groups Reference
Name of CPI Nivolumab 5 10 8-20
Pembrolizumab 15 15 21-29,38
Atezolizumab I 11 30-37,41
Avelumab 2 2
Durvalumab 4 4 39,40
Mode of action of  PD-I inhibitor 19 24 I I 18-29,38
CPI PD-LI inhibitor 17 17 30-34,35-37,39,41
Development phase Phase | or 1/2 4 9 18,19,20,21
Phase 2 17 17 30,22,23,25,27,28,37
Phase 3 15 15 24,31-34,26,41,29,35,36,39-40
Study type Randomized 30 35 | I 19,20,30,21,23-38,39-41
Non-randomized 6 6 18,22
Tumor type Lung cancer 15 20 19,20,21,31,32,39,27,28,41,29,40,38
Ovarian cancer 3 3
Gastric/GE] cancer 22,26
Colorectal cancer 35
Head & neck cancer 24
Skin cancer
Breast cancer 33,34,37
Urothelial cancer 2336
Biliary tract cancer 18
Renal cell carcinoma zz

Pancreatic cancer
Glioblastoma

Combination drug  Cisplatin/Carboplatin 18.19.2122,24.28.29.31,32.36.38,40

—_—_—_——_—— — — W W hADADAUNNOOOW — —— —NDNNMNDNWW

—_—_——_——— = = W WA DAMNDAMNUAONOOO — —— —NNNNWW
—_ Y - - — — 0O W—PNWW—WOoO —0O0——NOON—W—hAWWUONUI— — — WwWwN N

—_——_—— e e = — O W DN WWPMNMNWO —O——NOON—W— OV WUV TN —— WO

Bevacizumab 19,30,31
Paclitaxel/nab-paclitaxel 19.31-34,29
Acalabrutinib 23,25
5-FU 22,24,26
Capecitabine 2226
Pemetrexed 19,21,28
Gemcitabine 18,19,36
Etoposide 41,40,38
Andecaliximab
CC-486 27
Cobimetinib 35
Decitabine
Tetrahydrouridine
Erlotinib 19
Pegylated liposomal

doxorubicin
Glembatumumab vedotin | | 0 0
Osimertinib | | 0 0 39
Vismodegib | | 0 0
Trastuzumab emstasine | | 0 0 37

CPI, immune checkpoint inhibitor; PD-1, programmed death |; PD-LI, programmed death ligand |; GEJ, gastroesophageal junction.

(BTK) inhibitor (acalabrutinib), and mitogen-activated ex- (MMP-9) inhibitor (andecaliximab), an antibody—drug con-
tracellular signal-regulated kinase (MEK) inhibitor (cobime- jugate (ADC) of anti-transmembrane glycoprotein NMB
tinib). Angiogenesis inhibitors included bevacizumab. monoclonal antibody bound with the cytotoxic agent mono-
Hedgehog inhibitor (vismodegib), matrix metalloproteinase 9  methyl auristatin E (MMAE) (glembatumumab vedotin), and
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an ADC of anti-HER?2 trastuzumab bound with the cytotoxic
agent emtansine (DM1) (trastuzumab emtansine) were cate-
gorized as other targeted therapies. There were 16 studies in
which the PD-1/PD-L1 inhibitor monotherapy group was set
as the control group or the in-study arm or cohort.

Quality Assessment

The RoB 2.0 results for randomized studies are shown in
Supplementary Figure 1, where 27 out of 30 randomized
studies had low risk and the remaining 3 studies were assessed as
having some concerns (due to insufficient information of D1
randomization process and/or D4 measurement of the outcome)
for performance. Of the 6 non-randomized cohort studies assessed
using the Newcastle-Ottawa scale, 3 studies had a score 9 and 3
studies had a score 7, and therefore were deemed to be robust with
regards to bias arising from patient selection, comparability of
study groups, and outcome assessment (Supplementary Table 2).
The funnel plot (Supplementary Figure 2) for the ORR revealed
no obvious asymmetry, indicating no remarkable publication bias
in the analysis. Meanwhile, the PRISMA checklist for our meta-
analysis is given in Supplementary Table 3.

Benefit of PD-1/PD-L1 Inhibitors and Anticancer Drugs
for Tumor Response

Initially, 36 studies, involving 6774 patients in the combi-
nation therapy groups with PD-1/PD-L1 inhibitors plus other
anticancer drugs and 6131 patients in the control group were
included in the meta-analysis on anticancer effect in clinical
settings by ORR. The pooled results showed that the ORR was
significantly improved by the combination therapy of PD-1/
PD-L1 inhibitors with other anticancer drugs (RR = 1.45; 95%
CI: 1.30, 1.62; P < .00001) (Figure 2), although caution is
required to interpret the results due to very high heterogeneity
(P < .00001, FF = 74%).

We also analyzed the pooled effect of combination therapy
on anti-tumor efficacy (ORR) in 16 trials having a mono-
therapy group with PD-1/PD-L1 inhibitors as the control
group or the in-study arm/cohort (1863 patients in the com-
bination group with PD-1/PD-L1 inhibitors plus other anti-
cancer drugs and 1930 patients in the control group with PD-1/
PD-L1 inhibitor monotherapy). The main characteristics of the
16 studies included in the analysis are summarized in Table 1
and Supplementary Table 1. The pooled results showed that
combination therapy with PD-1/PD-L1 inhibitors plus other
anticancer drugs significantly improved the ORR compared to
monotherapy with PD-1/PD-L1 inhibitors (RR = 1.79; 95%
CI: 1.46, 2.20; P < .00001; I° = 44%) (Figure 3).

Subgroup Analyses

Given our primary research question in this study and based on
the findings, we focused on combination therapy to enhance

the anti-tumor efficacy of CPIs in further analysis. A subgroup
analysis of the mode of action of the combination drugs was
conducted in 16 studies in which a PD-1/PD-L1 inhibitor
monotherapy group was set. The results of the subgroup
analysis for ORR are summarized in Figure 4. PD-1/PD-L1
inhibitor plus anticancer drugs with DNA-synthesis inhibitory
effect or microtubule inhibitory effect led to a statistically
significant improvement in ORR compared to PD-1/PD-L1
inhibitor alone. In contrast, it was suggested that PD-1/PD-L1
inhibitor plus molecular targeted agents with anti-angiogenic
or kinase-inhibitory effects did not significantly improve the
ORR compared to PD-1/PD-L1 inhibitor alone.

Subgroup analyses by other factors such as the target
molecule of CPI (PD-1 or PD-L1) and tumor type were also
conducted, and the results are summarized in Table 2. The
combination of PD-1/PD-L1 inhibitor and anticancer drugs
showed significantly improved ORR consistently across all
subgroups.

Discussion

This meta-analysis was conducted based on clinical trials on
solid tumors, which evaluated the efficacy of combination
therapy of CPI (PD-1/PD-L1 inhibitor) and anticancer drugs
with ORR from public databases and published reports.
Thirty-six trials having a comparator group were identified,
and the pooled analysis showed that combination therapy led
to a significantly improved ORR. However, the 36 studies
included a mixture of trials in which an CPI monotherapy
group was set as the control group and those in which non-CPI
agents were set as the control group. Therefore, we conducted
a further pooled analysis, including 16 trials in which an CPI
monotherapy group was set as the control group based on our
primary research question of investigating whether the
combination of CPI with other anticancer therapies contrib-
utes to clinical anti-tumor efficacy compared with CPI alone.
The results showed that combination therapy led to a sig-
nificantly improved ORR. These indicated that combination
therapies of PD-1/PD-L1 inhibitor plus anticancer drugs did
not have a negative effect on the anti-tumor activity of PD-1/
PD-L1 inhibitor but were associated with favorable clinical
outcomes by additive or synergistic modes of action.
Subsequently, a subgroup analysis for all 16 studies having
PD-1/PD-L1 monotherapy arm was performed according to
the mode of action of the anticancer drugs used in combination
with PD-1/PD-L1 inhibitors. The mode of actions of the
evaluated anticancer drugs were classified into DNA-synthesis
inhibitors, microtubule inhibitors, angiogenesis inhibitors,
kinase inhibitors and MMP-9 inhibitor as the other targeted
therapy. The results of the subgroup analysis indicated that the
combination of PD-1/PD-L1 inhibitors and anticancer drugs
with inhibitory effects on DNA synthesis or microtubule
formation had a statistically significant improvement in ORR.
These results suggest that these potential ICD-inducible
agents, including DNA-synthesis inhibitors and microtubule
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CPI Combo Comparator Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
JapicCTI-153098 1 30 1 30 0.3% 11.00 [1.51, 79.96)
NCT01454102-Arm A 4 12 12 52 1.1% 1.44 (0.56, 3.70) I
NCT01454102-Arm B 7 15 12 52 1.5% 2.02[0.97,4.21)
NCT01454102-Arm C10 7 15 12 52 1.5% 2.02(0.97,4.21)
NCT01454102-Arm C5 7 14 12 52 1.6% 2.17 [1.05, 4.46)
NCT01454102-Arm D 2 12 12 52  06% 0.72(0.19, 2.81) —
NCT01454102-Arm E 4 21 12 52 0.9% 0.83(0.30, 2.27) —
NCT01984242 32 10 25 103 2.7% 1.31(0.84, 2.04) =
NCT02039674 33 60 18 63 27% 1.93(1.22, 3.03) —_—
NCT02250326 22 79 13 80 1.9% 1.71(0.93, 3.16) T
NCT02291289 49 297 22 148 26% 1.11(0.70, 1.76) -1
NCT02302339 4 28 7 62 08% 1.27 (0.40, 3.97) B
NCT02335411 15 25 8 3 1.7% 2.33(1.18, 4.58) —
NCT02336165 3 33 4 31 0.5% 0.70[0.17, 2.90) e
NCT02351739 8 40 9 35  1.3% 0.78 [0.34, 1.80) —t
NCT02358031 100 281 51 301 3.6% 2.10 [1.56, 2.82) = =
NCT02362048 3 27 0 29  0.1% 7.50 [0.41, 138.79) *
NCT02366143 224 353 159 331 46% 1.32[1.15, 1.52) -
NCT02367781 220 447 72 226  42% 1.54 [1.25, 1.91)
NCT02425891 252 450 206 449 47% 1.22 [1.07, 1.39] e
NCT02448303 4 28 4 31 0.6% 1.11[0.31, 4.02) B
NCT02454179 5 30 7 37 09% 0.88 [0.31, 2.50) —
NCT02454933 9 14 12 15 26% 0.80 [0.50, 1.28) —
NCT02494583 125 257 38 256 3.5% 3.28 (2.38, 4.51) =
NCT02494583-Arm (vs Chemo) 125 257 93 250 42% 1.31[1.07, 1.60) RS
NCT02537444 3 33 1 3%  02% 3.18(0.35, 29.08)
NCT02546986 10 51 7 49 1.2% 1.37 [0.57, 3.32) I
NCT02578680 195 410 39 206 36% 2.51(1.86, 3.39) -
NCT02580058 25 188 T 188 1.3% 3.57 [1.58, 8.06)
NCT02580058-Arm (vs Chemo) 25 188 8 190 1.4% 3.16 [1.46, 6.82)
NCT02657434 151 292 107 286 4.4% 1.38 [1.15, 1.67) =
NCT02664181 2 8 1 5 0.2% 1.25[0.15, 10.46)
NCT02690948 4 9 2 7  06% 1.56 (0.39, 6.19) —
NCT02718417 19 33 102 335 42% 1.18 (0.95, 1.47) =
NCT02763579 121 201 130 202 45% 0.94 [0.80, 1.09] -
NCT02775435 161 278 108 281 44% 1.51[1.26, 1.80) -
NCT02788279 5 183 2 90 04% 1.23(0.24, 6.21)
NCT02807636 212 447 82 359 42% 2.08 [1.68, 2.57) —
NCT02807636-Arm (vs Chemo) 212 447 174 397  46% 1.08 (0.93, 1.25) =
NCT02864381 7 72 5 72 08% 1.40(0.47,4.21) —
NCT02873195 7 82 2 486 05% 1.96 (0.43, 9.06) —
NCT02924883 60 132 30 69  3.4% 1.05 [0.75, 1.45) T
NCT03043872 182 268 155 269 4.7% 1.18 [1.03, 1.34] -
NCT03066778 161 228 139 225 46% 1.14[1.00, 1.31) ™
Total (95% CI) 6774 6131 100.0% 1.45 [1.30, 1.62] 4
Total events 2937 1922
Heterogeneity: Tau® = 0.06; Chi* = 164.36, df = 43 (P < 0.00001); I* = 74% =0 o1 0=1 H 1?0 100‘
Test for overall effect: Z = 6.75 (P < 0.00001) ) Favours [Comparator] Favours [CP| combination]

Figure 2. Meta-analysis of ORR for all identified studies. Abbreviations: ORR, overall response rate; CPl, immune checkpoint inhibitor.

inhibitors, can be considered as favorable anticancer drugs
when concomitantly used with a PD-1/PD-L1 inhibitor. This is
in line with the hypothesis that combinations of CPI and ICD-
inducible agents may show clinically enhanced anti-tumor
activities compared to CPI monotherapies, as reported in non-
clinical studies. In contrast, the subgroup analysis suggested
that combination therapy with molecular targeted agents with
anti-angiogenic or kinase-inhibitory effects did not necessarily
significantly improve the ORRs of PD-1/PD-L1 inhibitor
alone. Regarding EGFR tyrosine kinase inhibitors, it was
previously reported that PD-L1 expression is reduced by
EGFR inhibitors in NSCLC cell lines with activated EGFR. In
addition, oncogenic EGFR signaling has been suggested to
have a role in the remodeling of the tumor microenvironment
to trigger the immune escape response.** According to a meta-

analysis based on clinical trials of anti PD-1/PD-L1 antibodies
in advanced NSCLC patients who previously received first-
line tyrosine kinase inhibitor (TKI) therapy, anti-PD-1/PD-L1
antibodies significantly prolonged overall survival compared
to docetaxel in the overall population and in the EGFR-wild
type subgroup, but not in the EGFR-mutant subgroup.** There
is also little evidence available that pleads molecular targeted
anticancer agents have shown to induce ICD except for some
TKIs such as small molecule anaplastic lymphoma kinase
(ALK)/c-ros oncogene 1 (ROS1) inhibitor crizotinib.** Thus
far, potential involvement of the specific molecular targeted
anticancer agents evaluated in our subgroup analysis of an-
giogenesis inhibitor (bevacizumab), kinase inhibitor (erloti-
nib, acalabrutinib, cobimentinib) and metalloprotease
inhibitor (andecaliximab) in ICD have not been established.
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CPI Combo Comparator Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
JapicCTI-153098 1 30 1 30 1.0% 11.00 [1.51, 79.96)
NCT01454102-Arm A 4 12 12 52 36% 1.44 [0.56, 3.70) —
NCT01454102-Arm B 7 15 12 52 51% 2.02[0.97,4.21)
NCT01454102-Arm C10 7 15 12 52 51% 2.02[0.97,4.21) ——
NCT01454102-Arm C5 7 14 12 52 52% 2.17 [1.05, 4.46) re——
NCT01454102-Arm D 2 12 12 52 2.0% 0.72[0.19, 2.81) G
NCT01454102-Arm E 4 21 12 52 3.2% 0.83 [0.30, 2.27) —
NCT01984242 32 101 25 103 8.8% 1.31(0.84, 2.04) D sl
NCT02335411 15 25 8 3 5.7% 2.33[1.18,4.58) ——
NCT02336165 3 33 4 3N 1.8% 0.70[0.17, 2.90) T —
NCT02351739 8 40 9 35 4.3% 0.78 [0.34, 1.80) p——1
NCT02358031 100 281 51 301 11.4% 2.10(1.56, 2.82) -
NCT02448303 4 28 4 K] 2.2% 1.11[0.31, 4.02) i i
NCT02454179 5 30 7 37 31% 0.88 [0.31, 2.50) S —
NCT02494583 125 257 38 256 11.0% 3.28[2.38, 4.51) -
NCT02546986 10 51 7 49  40% 1.37 [0.57, 3.32) S———
NCT02580058 25 188 7 188  4.5% 3.57 [1.58, 8.06) S
NCT02664181 2 8 1 5 09% 1.25[0.15, 10.46)
NCT02788279 5 183 2 90 1.4% 1.23[0.24, 6.21) [—
NCT02807636 212 447 82 359 12.9% 2.08[1.68, 2.57] et
NCT02864381 7 72 5 72 28% 1.40 [0.47, 4.21) ——
Total (95% CI) 1863 1930 100.0% 1.79 [1.46, 2.20] ’
Total events 595 323
Heterogeneity: Tau? = 0.07; Chi® = 35.43, df = 20 (P = 0.02); I* = 44% ?0 o1 o'l r 1',0 r 00¢
Test for overall effect: Z = 5.58 (P < 0.00001) Favours [Comparator] Favours [CPI combination]

Figure 3. Meta-analysis of ORR for all studies with PD-1/PD-L| monotherapy arm. Abbreviations: ORR, overall response rate; CPl, immune
checkpoint inhibitor.

Table 2. Other Subgroup Analysis of ORR for All Studies With PD-1/PD-L1 Monotherapy Arm.

Risk ratio (95% ClI)

Number of responder/total P value
Subgroup Number of studies/arms included CPI combination Comparator Heterogeneity I
ORR based on the CPI type
Combination with PD-I inhibitor 11/16 318/911 203/1159 1.75 (1.34, 2.28)
<.0001
45%
Combination with PD-LI inhibitor 5/5 2771952 120/771 1.78 (1.20, 2.64)
.004
49%
ORR based on the tumor type
Lung cancer 4/9 47/176 84/397 1.57 (1.15, 2.14)
.005
0%
Gastric or GEJ cancer 33 147/354 51/359 2.73 (1.86, 4.02)
<.00001
25%
Other tumors 919 401/1333 188/1174 1.70 (1.25, 2.32)
.0008
55%

ORR, objective response rate; CPl, immune checkpoint inhibitor; PD-1, programmed death |; PD-LI, programmed death ligand |; GEJ, gastroesophageal
junction.
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CPI Combo Comparator Risk Ratio Risk Ratio
Study or Subgraup. Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
4.1.1 DNA synthesis inhibitor
JapicCTI-153098 1 30 1 30 1.0% 11.00 [1.51, 79.96]
NCT01454102-Arm A 4 12 12 52 4.0% 1.44 [0.56, 3.70] ——p—
NCT01454102-Arm B 7 15 12 52 6.2% 2.02(0.97,4.21) |
NCT02335411 15 25 8 3N 7.1% 2.33[1.18, 4.58) S ——
NCT02358031 100 281 51 301 221% 2.10[1.56, 2.82] --
NCT02494583 125 257 38 256 204% 3.28(2.38, 4.51) —-
NCT02546986 10 5 7 49 4.5% 1.37 [0.57, 3.32) —_—
NCT02580058 25 188 7 188 52% 3.57 [1.58, 8.06] ——
NCT02664181 2 8 1 5 08% 1.25[0.15, 10.46)
NCT02807636 212 447 82 359 28.9% 2.08[1.68, 2.57] -
Subtotal (95% Cl) 1314 1323 100.0% 2.31[1.90, 2.82] 0
Total events 511 219
Heterogeneity: Tau® = 0.02; Chi* = 12.33, df = 9 (P = 0.20); I* = 27%
Test for overall effect: Z = 8.36 (P < 0.00001)
4.1.2 Tubulin inhibitor
NCT01454102-Arm C10 7 15 12 52 49.1% 2.02[0.97,4.21) —
NCT01454102-Arm C5 7 14 12 52 50.9% 2.17 [1.05, 4.46) —laG—
Subtotal (95% CI) 29 104 100.0% 2.09 [1.25, 3.50] P
Total events 14 24

Heterogeneity: Tau? = 0.00; Chi? = 0.02, df = 1 (P = 0.90); I* = 0%
Test for overall effect: Z = 2.82 (P = 0.005)

4.1.3 Angiogenesis inhibitor

NCT01454102-Arm D 2 12 12 52 8.9% 0.72[0.19, 2.81) ————
NCT01984242 32 101 25 103 82.9% 1.31[0.84, 2.04]

NCT02336165 3 33 4 K] 8.2% 0.70 [0.17, 2.90)

Subtotal (95% Cl) 146 186 100.0% 1.18 [0.78, 1.77)

Total events 37 41

Heterogeneity: Tau* = 0.00; Chi* = 1.22, df = 2 (P = 0.54); I* = 0%
Test for overall effect: Z = 0.79 (P = 0.43)

4.1.4 Kinase inhibitor

NCT01454102-Arm E 4 21 12 52 22.7% 0.83 [0.30, 2.27) ——
NCT02351739 8 40 9 35 331% 0.78 [0.34, 1.80] —
NCT02448303 4 28 4 31 14.0% 1.11[0.31, 4.02) e
NCT02454179 5 30 7 37 21.4% 0.88 [0.31, 2.50] ——
NCT02788279 5 183 2 90  8.8% 1.23(0.24, 6.21) E—
Subtotal (95% CI) 302 245 100.0% 0.89 [0.55, 1.43) e

Total events 26
Heterogeneity: Tau? = 0.00; Chi* = 0.39, df = 4 (P = 0.98); = 0%
Test for overall effect: Z = 0.49 (P = 0.62)

4.1.5 Metalloprotease inhibitor

NCT02864381 7 72 5 72 100.0%
Subtotal (95% ClI) 72 72 100.0%
Total events 7 5

Heterogeneity: Not applicable
Test for overall effect: Z = 0.60 (P = 0.55)

1.40 [0.47, 4.21)
1.40 [0.47, 4.21]

Test for subgroup differences: Chi* = 19.20, df = 4 (P = 0.0007), I* = 79.2%
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Figure 4. Meta-analysis of ORR by type of combination therapy for all studies with PD-1/PD-L| monotherapy arm. Abbreviations: ORR,

overall response rate.

The role of PD-1/PD-L1 blockade in EGFR mutation, other
oncogenic gene mutations or oncogenic proteins in solid
tumors is still conflicting and the mechanisms remain to be
elucidated; therefore, there is a need for future research and
updated meta-analyses based on clinical trials to evaluate the
efficacy of targeted therapies plus PD-1/PD-L1 inhibitors.
A strength of this review is that it assessed the clinical
anti-tumor efficacy of PD-1/PD-L1 inhibitor plus potential
ICD inducers or other molecular targeted therapies

compared with PD-1/PD-L1 inhibitor alone (based on so-
called add-on trials) in the meta-analysis. Importantly, we
also analyzed the pooled effect of combination therapy from
16 trials that involved 1863 patients in the combination
group and 1930 patients in PD-1/PD-L1 inhibitor
monotherapy.

However, the following limitations must be considered in
this meta-analysis. First, moderate to high heterogeneity was
observed among the trials, and we should carefully interpret
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the results of the pooled effects. Second, a part of clinical trials
included in the analyses were not randomized. While the
pooled data extracted from each of these non-randomized
trials for the comparison were obtained from similar pop-
ulations (same tumor type), we need to interpret these group
comparisons with caution. Third. Unmeasured confounding
factors as well as confounding by tumor type, treatment line,
presence or absence of metastatic diseases, or target indication
may exist. This is partly attributable to the limited number of
clinical trials eligible for the present study.

Conclusion

In the current study, we revealed that PD-1/PD-L1 inhibitor
plus chemotherapies with DNA-synthesis inhibitory effect
or microtubule inhibitory effect which are reported to
induce immunogenic cell death led to a statistically sig-
nificant improvement in ORR compared to PD-1/PD-L1
inhibitor alone. In contrast, it was suggested that PD-1/PD-
L inhibitor plus molecular targeted agents such as anti-
angiogenic or kinase-inhibitory effects did not necessarily
significantly improve the ORRs compared to PD-1/PD-L1
inhibitor alone. Although an updated meta-analysis based
on the results of ongoing clinical trials of PD-1/PD-L1
inhibitors and other anticancer agents is needed, these
findings will serve to help researchers and clinicians de-
termine what kind of agents will improve clinical anti-
tumor efficacy in combination with PD-1/PD-L1 inhibitors
in the future.
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