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Abstract
Background: This study aimed to evaluate the efficacy of immune checkpoint inhibitors (ICls) as maintenance therap®
advanced or metastatic cancers.

Methods: The PubMed, Embase, and Cochrane Library databases were searched for eligible randomized controlled trials. A
meta-analysis of eligible studies investigating the outcomes including progression-free survival (PFS), overall survival (OS), and
objective response rate (ORR) with a significance level set to 0.05 was performed.

Results: Five RCTs (n = 2828) were identified in this analysis. The pooled hazard ratios (HRs) of PFS and OS for IClI maintenance
therapy were 0.88 (95% Cl: 0.68-1.13, P = .31) and 0.82 (95% confidence interval [Cl]: 0.74-0.92, P = .0005), respectively; the
pooled odds ratio (OR) of ORR was 2.24 (95% Cl: 1.23-4.09, P = .0008). Subgroup analysis indicated that anti-PD-L1 antibody
significantly improved the OS (P = .0008), while anti-PD-1 and anti-PD-1 plus anti-cytotoxic T lymphocyte antigen 4 antibodies
significantly prolonged the PFS of patients.

Conclusion: |Cl maintenance therapy enhanced the survival of patients with advanced or metastatic cancers.

Abbreviations: CTLA-4 = cytotoxic T lymphocyte antigen 4, HR = hazard ratio, ICl = immune checkpoint inhibitor, OR = odds
ratio, ORR = objective response rate, OS = overall survival, PD-1 = programmed cell death protein-1, PD-L1 = programmed cell

death 1 ligand 1, PFS = progression-free survival, RCT = randomized controlled trial.
Keywords: efficacy, immune checkpoint inhibitor, maintenance therapy, meta-analysis, PD-1/PD-L1/CTLA-4

1. Introduction

Patients with advanced-stage or metastatic cancers have lim-
ited treatment options and a relatively poor prognosis; hence,
maintenance therapy is a very important treatment strategy for
these patients.!"?! The basic principle of maintenance therapy is
based on the assumption that residual tumors contain clones
that are still sensitive to one or more drugs used in combined
induction therapy, so it can prolong tumor control and reduce
the side effects.’! This means that the possibility of maintain-
ing the effect is essentially random, except for drugs targeting
the tumor cells or microenvironment. Although most patients
with advanced-stage or metastatic cancers may respond to pre-
vious systemic therapies, the responses are not durable, and
maintenance therapy is required to reduce the risk of disease
progression and deaths.’! Maintenance treatment options,
such as chemotherapy, endocrine therapy, targeted agent, and
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tumor vaccine, are effective for various malignant tumors,!*!
among which systemic chemotherapy is the most commonly
used treatment strategy in the clinical setting. However, the
overall treatment effect for most tumors is not ideal, and the
severe toxicities of chemotherapy usually cause significant hm
to patients.?! Therefore, new maintenance therapies are war-
ranted to improve the survival of advanced-stage or metastatic
cancer patients.

In recent years, immune checkpoint inhibitors (ICIs), includ-
ing anti-programmed cell death 1 ligand 1 (PD-L1)/anti-pro-
grammed cell death 1 (PD-1) and anti-cytotoxic T lymphocyte
antigen 4 (CTLA-4) antibodies have changed the treatment
landscape for cancer patients.!'>!?! Either single-agent ICI, dou-
ble-agent ICIs, or ICI combined with other systemic therapies
has shown promising anti-tumor activity in advanced-stage or
metastatic solid cancers.!"**'5 Moreover, previous clinical tri-
als demonstrated that adjuvant/neoadjuvant therapy with ICIs
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Figure 1. Flow chart of the selection process.

could also benefit patients with early-stage to middle-stage
tumors.!'>'7l However, despite great progress, whether ICI main-
tenance therapy prolongs the survival of patients with advanced-
stage or metastatic cancers remains unclear, and guidelines for
ICI maintenance treatment in various types of cancers have not
yet been established. Thus, this meta-analysis of current RCTs
aimed to evaluate the efficacy of ICI maintenance therapy in
advanced-stage or metastatic solid cancers.

2. Materials and Methods

2.1. Search strategy and selection criteria

We searched the PubMed, Embase, and Cochrane Library data-
bases from inception until March 2022 for eligible trials. Clinical

studies were identified using the following terms: “PD-1, PD-L1,
CTLA-4, immune checkpoint inhibitor, immune checkpoint
blockade, immunotherapy, pembrolizumab, nivolumab, ipili-
mumab, atezolizumab, tremelimumab, avelumab, durvalumab,
spartalizumab, toripalimab, tislelizumab, camrelizumab, main-
tenance, and randomized controlled trials.” The reference lists of
all relevant studies were manually checked to identify additional
articles. Studies that included patients diagnosed with advanced-
stage or metastatic solid cancers through pathological and imag-
ing examinations; studies that used ICIs as maintenance therapy;
studies that compared the efficacy of placebo, observation, or
other systemic therapies, such as chemotherapy, target therapy,
and endocrine therapy; studies whose outcomes included objec-
tive response rate (ORR), progression-free survival (PFS), and/or
overall survival (OS); and randomized controlled trials (RCTs)
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were included in the analysis. Meanwhile, non-English articles;
non-RCTs, reviews, meta-analysis, letters, or case reports; and
basic experiments or animal studies were excluded. The trials
identified during the search were independently screened for
inclusion by 2 authors (M.D.C. and H.]J.E.). Any disagreements
were arbitrated by a third author (L.P.H.).

2.2. Data extraction and quality assessment

Two authors (H.J.E. and L.P.H.) independently reviewed the
following data extracted from the selected literatures: author
details, the trial name, publication year, tumor stage, age, sex,
sample size, and interventions. The hazard ratios (HRs) with the
corresponding 95% confidence interval (Cls) for analysis of PFS
and OS, and the odds ratios (ORs) with the corresponding 95 %
ClIs for analysis of ORR were extracted from the eligible trials.
Data on the PFS and OS of patients with PD-L1-positive (tumor
proportion score of 21%) and PD-L1-negative (tumor propor-
tion score of < 1%) tumors were also extracted if available. Any
discrepancy was resolved by discussion and consensus. Two
authors (W.H.L. and H.S.X.) independently assessed the meth-
odological quality of the included RCTs using the Cochrane
Collaboration’s tool.!"®!

2.3. Statistical analysis

Meta-analysis was performed using Review Manager (version
5.4, The Cochrane Collaboration, Copenhagen). The OS and
PFS were pooled as HR with the corresponding 95% CI, while
the ORR was pooled as OR with the corresponding 95% CI.
Heterogeneity between studies was assessed using the Cochran
O test and I? tests in the meta-analysis. A random effects model
was used when the heterogeneity was considered high (I* > 50%,
P <.1). If the heterogeneity was considered low (I> <50%,
P > .1), a fixed effects model was applied. A P value of <.05 was
considered significant.

www.md-journal.com

3. Results

3.1. Search results and study characteristics

We identified 642 literatures, of which 5 eligible RCTs includ-
ing 2828 patients were selected according to the inclusion cri-
terial'2%! (Fig. 1). Among the 5 independent RCTs, all patients
were diagnosed with advanced-stage or metastatic solid cancers
by pathological and imaging examinations, and received ICls as
maintenance therapy after receiving systemic therapies. All arti-
cles were published between 2020 and 2021. The ICIs used in
the experimental arm of these RCTs included one anti-CTLA-4
antibody (ipilimumab), 2 anti-PD-1 antibodies (nivolumab and
pembrolizumab), and 2 anti-PD-L1 antibodies (avelumab and
durvalumab). The control arms in 4 RCTs!!?202223 were simi-
lar (best supportive care, placebo or observation), and only 1
RCTRY used chemotherapy as a control treatment. The charac-
teristics of the selected trials are shown in Table 1.

3.2. Influence of ICI maintenance therapy on PFS

All RCTs reported the PFS with 7 comparisons. The meta-anal-
ysis indicated that ICI maintenance therapy did not lead to a
significant improvement in PFS (HR = 0.88,95% CI: 0.68-1.13,
P =.31). Results of the meta-analysis are shown in Figure 2.
Subgroup analysis showed that both anti-PD-1 and anti-PD-1
plus anti-CTLA-4 antibodies were associated with significantly
improved PFS (HR =0.67, 95% CI: 0.56-0.79, P <.00001
and HR =0.72, 95% CI: 0.60-0.87, P =.00006, respectively).
However, among patients treated with anti-PD-L1 antibody,
none showed improvement in PFS (HR = 1.08, 95% CI: 0.68-
1.71, P = .74).

Only 2 articles reported the complete data of PFS according
to the PD-L1 expression levels.!'>?!l The meta-analysis showed
that anti-PD-L1 antibodies (avelumab and durvalumab) as
maintenance therapy significantly improved the PFS (HR = 0.58,
95% CI: 0.45-0.75, P < .0001) of patients with PD-L1-positive

Characteristic of included randomized controlled trials.

Sample size Age,
median  Male, n Previous
Study Tumor Phase Stage Arms N (range) (%) treatment Maintenance therapy
Powles 20200 (JAVE-  Urothelial 3 Advanced or  Study 350 68 (37-90) NA Chemotherapy ~Avelumab (10 mg/kg) intravenously every 2 wk
LIN Bladder 100) cancer metastatic
Control 350 69 (32-89) NA Chemotherapy Best supportive care
Monk 2021%% (JAVELIN  Epithelial 3 Advanced Study 322 59 (52-67) NA Chemotherapy Avelumab (10 mg/kg) intravenously every 2 wk
Qvarian 100) ovarian (arm a)
cancer
Study 331 60 (50-66) NA Chemotherapy Avelumab (10 mg/kg) intravenously every 2 wk
(arm b) plus avelumab
Control 335 57 (49-66) NA Chemotherapy Observation
or chemotherapy
plus avelumab
Bachelot 20211 Breast cancer 2 Metastatic Study 131 NA NA Chemotherapy Durvalumab (10 mg/kg) intravenously every
(SAFIR02-BREAST 2 wk
IMMUNO)
Control 68 NA NA Chemotherapy Chemotherapy
Owonikoko 20212 Small-cell 3 Extensive Study 279 64 (39-85) 180 (65) Chemotherapy Nivolumab 1 mg/kg plus ipilimumab 3mg/
(CheckMate 451) lung cancer disease (arm a) kg once every 3 wk for 12 wk followed by
nivolumab 240 mg once every 2 wk
Study 280 65(32-84) 177 (63) Chemotherapy Nivolumab 240 mg once every 2 wk
(arm b)
Control 275 64 (44-84) 175(64) Chemotherapy Placebo
Galsky 2020%% (HCRN  Urothelial 2 Metastatic Study 55 68(41-83) 39(71)  Chemotherapy Pembrolizumab 200 mg intravenously once
GU14-182) cancer every 3 wk
Control 52  65(44-87) 42(81) Chemotherapy Placebo

NA = not available.
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Hazard Ratio

Hazard Ratio

Study or Subgroup log[Hazard Ratio] SE Weight IV, Random, 95% CI IV. Random. 95% CI
1.1.1 Anti-PD-L1

Powles 2020 -0.4708 0.0934 16.0% 0.62 [0.52, 0.75] -
Monk (arm b) 2021 0.1292 0.161 13.7% 1.14 [0.83, 1.56] ™
Bachelot 2021 0.3365 0.1717 13.3% 1.40[1.00, 1.96] ™
Monk (arm a) 2021 0.3583 0.1579 13.8% 1.43[1.05, 1.95] -
Subtotal (95% Cl) 56.7% 1.08 [0.68, 1.71] ’
Heterogeneity: Tau? = 0.20; Chi2 = 32.67, df = 3 (P < 0.00001); I = 91%

Test for overall effect: Z = 0.33 (P = 0.74)

1.1.2 Anti-PD-1

Galsky 2020 -0.4559 0.2223 11.4% 0.63 [0.41, 0.98] ]
Owonikoko (arm b) 2021 -0.3953 0.0942 16.0% 0.67 [0.56, 0.81] -
Subtotal (95% Cl) 27.4% 0.67 [0.56, 0.79] L
Heterogeneity: Tau? = 0.00; Chi? = 0.06, df = 1 (P = 0.80); = 0%

Test for overall effect: Z = 4.66 (P < 0.00001)

1.1.3 Anti-PD-1 + anti-CTLA-4

Owonikoko (arm a) 2021 -0.325 0.0948 15.9% 0.72[0.60, 0.87] -
Subtotal (95% Cl) 15.9% 0.72 [0.60, 0.87] .
Heterogeneity: Not applicable

Test for overall effect: Z = 3.43 (P = 0.0006)

Total (95% Cl) 100.0% 0.88 [0.68, 1.13] q

Heterogeneity: Tau? = 0.09; Chi? = 41.46, df = 6 (P < 0.00001); I* = 86%
Test for overall effect: Z = 1.02 (P = 0.31)
Test for subaroun differences: Chiz =374 df =2 (P =015) 12= 46 6%

Figure 2. Analysis of PFS. PFS = progression-free survival.
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Study or Subgroup

Hazard Ratio
IV, Fixed, 95% CI

2.1.1 Anti-PD-L1

Bachelot 2021 -0.1808 0.2222 6.5% 0.83[0.54, 1.29] e
Powles 2020 -0.3653 0.1094 26.8% 0.69[0.56, 0.86] -
Subtotal (95% CI) 33.2% 0.72[0.59, 0.87] L 2
Heterogeneity: Chi* = 0.55, df = 1 (P = 0.46); I’ = 0%

Test for overall effect: Z = 3.36 (P = 0.0008)

2.1.2 Anti-PD-1

Galsky 2020 -0.0951 0.2851 3.9% 0.91[0.52, 1.59] T
Owonikoko (arm b) 2021 -0.1756 0.0997 32.2% 0.84[0.69, 1.02] b
Subtotal (95% CI) 36.2% 0.85 [0.70, 1.02] ¢
Heterogeneity: Chiz = 0.07, df = 1 (P = 0.79); 12 = 0%

Test for overall effect: Z=1.77 (P = 0.08)

2.1.3 Anti-PD-1 + anti-CTLA-4

Owonikoko (arm a) 2021 -0.0872 0.1023 30.6% 0.92[0.75, 1.12] :
Subtotal (95% CI) 30.6% 0.92[0.75,1.12]

Heterogeneity: Not applicable

Test for overall effect: Z = 0.85 (P = 0.39)

Total (95% CI) 100.0% 0.82[0.74, 0.92] 4
Heterogeneity: Chi2 = 3.70, df = 4 (P = 0.45); I2 = 0% '0_0 ] o? ] ] 1‘0 ] 00'

Test for overall effect: Z = 3.47 (P = 0.0005)

Test for subaroun differences: Chiz =3.07. df =2 (P =0.22) 12 =34 9%

Figure 3. Analysis of OS. OS = overall survival.
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tumors. However, the PFS did not improve (HR =1.08, 95%
CI: 0.36-3.20, P = .89) in patients with PD-L1-negative tumors
(Fig. 3).

3.3. Influences of ICI maintenance therapy on OS

Data of OS were reported in 4 of 5 RCTs with 5 comparisons.
As shown in Figure 4, the meta-analysis indicated that the OS of

the patients receiving ICI maintenance therapy was much higher
than that of patients receiving the control treatment (HR = 0.82,
95% CI: 0.74-0.92, P = .0005). Subgroup analysis showed that
anti-PD-L1 antibody was associated with significantly improved
OS (HR =0.72, 95% CI: 0.59-0.87, P =.0008), while the OS
did not improve in patients treated with anti-PD-1 (HR = 0.85,
95% CI: 0.70-1.02, P =.08) and anti-PD-1 plus anti-CTLA-4
antibodies (HR = 0.92, 95% CI: 0.75-1.12, P = .39).
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PFS (PD-L1 status)

Hazard Ratio

_ Study or Subgroup  log[Hazard Ratio] SE_Weight IV, Random, 95% CI
3.1.1 PD-L1-positive
Bachelot 2021 -0.2844 0.3486 19.5%
Powles 2020 -0.56793 0.135 28.8%
Subtotal (95% CI) 48.2%

Heterogeneity: Tau? = 0.00; Chi? = 0.62, df =1 (P = 0.43); 7= 0%
Test for overall effect: Z = 4.30 (P < 0.0001)

3.1.2 PD-L1-negative

Hazard Ratio
IV, Random, 95% CI

0.75 [0.38, 1.49]
0.56 [0.43, 0.73]
0.58 [0.45, 0.75]

-
.

Bachelot 2021 0.6495 0.2557 23.6% 1.91[1.16, 3.16] —a
Powles 2020 0.4588 0.1512 28.2% 0.63 [0.47, 0.85] -
Subtotal (95% CI) 51.8% 1.08 [0.36, 3.20] —~li—

Heterogeneity: Tau? = 0.57; Chi? = 13.92, df = 1 (P = 0.0002); I? = 93%

Test for overall effect: Z = 0.14 (P = 0.89)
Total (95% CI) 100.0%

Test for overall effect: Z = 0.79 (P = 0.43)

Test for subaroun differences: Chi2 = 1.18. df =1 (P =0.28). 12 =15.3%
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Heterogeneity: Tau? = 0.20; Chi? = 18.70, df = 3 (P = 0.0003); I = 84%
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Figure 4. Subgroup analysis of the PFS according to the PD-L1 expression level. PD-L1 = programmed cell death 1 ligand 1, PFS = progression-free survival.
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Subtotal (95% CI) 45.0% 0.54[0.39, 0.75] <&
Heterogeneity: Chi? = 0.33, df =1 (P = 0.56); I? = 0%

Test for overall effect: Z = 3.76 (P = 0.0002)

4.1.2 PD-L1-negative

Bachelot 2021 0.0113 0.3297 10.9% 1.01[0.53, 1.93] -1
Powles 2020 -0.1563 0.1642 44.1% 0.86[0.62, 1.18] :
Subtotal (95% CI) 55.0% 0.88 [0.66, 1.18]

Heterogeneity: Chi? = 0.21, df = 1 (P = 0.65); I? = 0%

Test for overall effect: Z=10.84 (P = 0.40)

Total (95% Cl) 100.0% 0.71[0.57, 0.88] L 4
Heterogeneity: Chiz = 5.50, df = 3 (P = 0.14); I? = 45% ‘0‘0 ] o? ) ] 1*0 p 00‘

Test for overall effect: Z = 3.14 (P = 0.002)

Test for subaroun differences: Chiz = 4.96. df =1 (P = 0.03). 12 = 79.8%
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Figure 5. Subgroup analysis of the OS according to the PD-L1 expression level. OS = overall survival, PD-L1 = programmed cell death 1 ligand 1.

The OS data according to the PD-L1 expression levels were
extracted from 2 trials."*2! As shown in Figure 5, patients with
PD-L1-positive tumors had significantly longer OS (HR = 0.54,
95% CI: 0.39-0.75, P =.0002), while those with PD-L1-
negative tumors showed no OS improvement (HR = 0.88, 95%
CI: 0.66-1.04, P = .40).

3.4. Influence of ICI maintenance therapy on ORR

In the meta-analysis of ORR, the outcome indicated that ICI
maintenance therapy greatly enhanced the ORR of patients
compared with control treatment (OR =2.24, 95% CIL: 1.23-
4.09, P =.0008) (Fig. 6). The subgroup analysis indicated that
both anti-PD-1 and anti-PD-1 plus anti-CTLA-4 antibodies
were associated with significantly higher ORR (OR = 3.22,95%
CL: 1.83-5.67, P <.0001 and OR =2.28, 95% CI: 1.09-4.76,
P =.03). However, no ORR improvement (OR = 1.84, 95% CI:
0.66-5.15, P = .25) was observed in patients treated with anti-
PD-L1 antibody.

3.5. Quality of included studies

The results of the quality assessment of all RCTs are presented
in Figure 7. Results showed that the included trials were of high
quality.

4. Discussion

Immunotherapy with ICI plays an important role in the treat-
ment of various cancer types, and ICI treatment has changed the
outcomes of advanced-stage or metastatic solid cancers.l%-!2!
Although existing evidence had shown that ICI or their com-
bination therapies demonstrated promising efficacy in patients
with advanced-stage or metastatic solid cancers,?*2¢ current
research findings of ICI maintenance treatment remain incon-
sistent. Galsky et al®?®! reported that maintenance pembroli-
zumab prolonged the PFS (HR =0.65, 95% CI: 0.49-0.86)
in patients with metastatic urothelial cancer who achieved at
least stable disease following first-line platinum-based che-
motherapy. A international multi-center phase 3 JAVELIN
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Experimental Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H. Random. 95% CI M-H. Random. 95% CI
5.1.1 Anti-PD-L1
Monk (arm a) 2021 26 332 28 335 18.7% 0.93 [0.53, 1.63] .
Monk (arm b) 2021 31 331 28 335 18.9% 1.13 [0.66, 1.93] -
Powles 2020 34 350 5 350 14.3% 7.42[2.87,19.22 - =
Subtotal (95% CI) 1013 1020 51.9% 1.84[[0.66. 5.1 5]] —~-—
Total events 91 61

Heterogeneity: Tau® = 0.71; Chi* = 14.96, df = 2 (P = 0.0006); I> = 87%
Test for overall effect: Z = 1.16 (P = 0.25)

5.1.2 Anti-PD-1

Galsky 2020 23 43 10 42 145% 3.68 [1.45, 9.32] -
Owonikoko (arm b) 2021 30 261 11 263  16.9% 2.98 [1.46, 6.07] -
Subtotal (95% CI) 304 305 31.4% 3.22 [1.83, 5.67] -
Total events 53 21

Heterogeneity: Tau? = 0.00; Chi? = 0.13, df = 1 (P = 0.72); I*= 0%
Test for overall effect: Z = 4.05 (P < 0.0001)

5.1.3 Anti-PD-1 + anti-CTLA-4

Owonikoko (arm a) 2021 24 265 11 263 16.7% 2.28 [1.09, 4.786] -
Subtotal (95% CI) 265 263 16.7% 2.28 [1.09, 4.76] -
Total events 24 M

Heterogeneity: Not applicable
Test for overall effect: Z = 2.20 (P = 0.03)

Total (95% Cl) 1582 1588 100.0% 2.24 [1.23, 4.09] -
Total events 168 93
it 2= - Chi2 = = = 2= T77% ; + +
W
e e o F imental] F. trol
Test for subaroun differences: Chiz = 110 df = 2 (P = 0.58) I2 = 0% avours [experimental] - Favours [control]

Figure 6. Analysis of ORR. ORR = objective response rate.

Ovarian 100 trial®” reported that avelumab maintenance ther-
apy was not associated with longer PFS (HR = 1.43, 95% CI:
1.05-1.95) compared with observation in advanced epithelial
ovarian cancer patients. In the phase 2 SAFIR02-BREAST
IMMUNO trial,?'! maintenance therapy with durvalumab did
not improve the PFS (HR = 1.04, 95% CI: 1.00-1.96) and OS
(HR = 0.84, 95% CI: 0.54-1.29) in patients with metastatic
breast cancer. Thus, whether ICIs could be used as mainte-
nance therapy for cancer patients and worth clinical promotion
remains controversial.

To our knowledge, this meta-analysis was the first to directly
compare the efficacy of ICI maintenance therapy with that of
traditional treatments (placebo, observation, or chemotherapy)
in advanced or metastatic cancers. Results showed that ICI main-
tenance therapy was associated with significantly improved OS
and ORR compared with the control treatment, which indicated
that ICI as maintenance therapy may have a great clinical value
for the treatment of advanced-stage or metastatic solid cancers.
Similar results were found by other clinical trials. The phase 3
PACIFIC trial®”*! reported that durvalumab after chemora-
diotherapy resulted in significantly prolonged PFS (HR = 0.52,
95% CI: 0.42-0.65) and OS (HR =0.72, 95% CI: 0.59-0.89)
compared with placebo in patients with stage III unresectable
non-small-cell lung cancer who did not experience disease
progression after concurrent therapy. In the KEYNOTE-564
trial,?”! pembrolizumab significantly improved the disease-free
survival (HR = 0.68, 95% CI: 0.53-0.87) compared with pla-
cebo after surgery in patients with kidney cancer who had high
risk of recurrence. These results suggest that ICI as maintenance
or sequential treatment demonstrates great clinical efficacy for
cancer patients who achieved disease control after receiving pre-
vious treatments.

Despite the improvement in OS and ORR, this meta-analysis
showed that ICI maintenance therapy did not lead to a signifi-
cant difference in PFS (HR = 0.88, 95% CI: 0.68-1.13, P = .31).
Subgroup analysis showed that both anti-PD-1 and anti-PD-1
plus anti-CTLA-4 antibodies were associated with significantly
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-~ . - | Blinding of outcome assessment (detection bias)

=

Monk 2021

?

® 0

Figure 7. Evaluation of the quality of all included articles.
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improved PFS and ORR. However, patients treated with anti-
PD-L1 antibody did not show better ORR and PFS. Surprisingly,
the subgroup analysis of OS showed opposite results. Patients
who received anti-PD-1 (HR = 0.85, 95% CI: 0.70-1.02, P = .08)
and anti-PD-1 plus anti-CTLA-4 antibodies (HR =0.92, 95%
CL: 0.75-1.12, P =.39) did not show an OS benefit, but longer
OS was observed in those treated with anti-PD-L1 antibody.
These results also support the benefit of ICI maintenance ther-
apy in patients with advanced-stage or metastatic solid cancers,
although only PD-L1 antibody achieved a significant OS differ-
ence. In 2019, a study by Rowinski et al*! reported that although
maintenance strategies such as chemotherapy, targeted therapy,
and immunotherapy were proven effective, the duration of treat-
ments remained elusive. In this study, the duration of ICI main-
tenance therapies remained inconsistent, which possibly caused
an impact on the outcomes of patients. In addition, the PD-L1
expression level was a valuable biomarker for predicting the out-
comes of cancer patients who received ICI monotherapies.’3%3!
However, evidence showed that PD-L1 had little value in pre-
dicting the outcomes for patients who received ICI combina-
tion therapies.’>3¥ In this study, longer PFS and OS were only
observed among patients with PD-L1-positive tumors, suggest-
ing that PD-L1 might be an independent prognostic factor for
patients receiving anti-PD-L1 antibodies as maintenance therapy.
However, as most current studies used single-agent ICI as mainte-
nance therapy, the clinical value of PD-L1 as a biomarker for pre-
dicting the outcomes of ICI combination maintenance therapies
needs further investigations.

This study has several shortcomings. First, only limited tumors
(urothelial cancer, epithelial ovarian cancer, breast cancer, and
small-cell lung cancer) and ICIs (1 CTLA-4 inhibitor [ipilim-
umab], 2 PD-1 inhibitors [nivolumab and pembrolizumab], and
2 PD-L1 inhibitors [avelumab and durvalumab]) were included in
the analysis. Because the meta-analysis was performed in patients
with different types of tumors and the antitumor mechanism
of checkpoint inhibitors (including anti-PD-1/PD-L1 and anti-
CTLA-4 antibodies) differed, thus causing heterogeneity. Second,
the number of included RCTs is relatively small, and only 1 trial
is included in the anti-PD-1 plus anti-CTLA4 agent group, which
limited the evaluation of outcomes in this analysis. Third, age and
gender were may influence the outcome assessment of patients.
Owing to the insufficient data on age and gender, these factors
were not analyzed. However, these 2 factors are considered sig-
nificant and may be valuable for future studies. Finally, the fol-
low-up time in some trials was not sufficiently long. The OS data
were not reported in Monk et al’s study,*”! and the OS data were
immature. Hence, a longer follow-up time is required.

5. Conclusion

The current meta-analysis demonstrated that ICIs as main-
tenance therapy improved the PFS or OS of patients with
advanced-stage or metastatic cancers. However, this treatment
was only beneficial among patients with PD-L1-positive tumors.
PD-L1 might be used as a biomarker for predicting the outcome
for patients receiving anti-PD-L1 antibodies as maintenance
therapy. Due to the limitations of this study, further investiga-
tions are required to provide more evidence.
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