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ABSTRACT
Objective: To explore the relations between liver metastases (LM) and the efficacy of the treatments
with programmed cell death 1 (PD-1) or programmed cell death ligand 1 (PD-L1) inhibitors.
Method: Pubmed, Embase, American Society of Clinical Oncology and the European Society for Medical
Oncology were searched to select eligible studies about PD-1 or PD-L1 inhibitors (Nivolumab,
Pembrolizumab, Cemiplimab, Avelumab, Durvalumab, and Atezolizumab). We included only the original
randomized controlled trials (RCTs), including the hazard ratios (HR) of death in both patients with LM
and patients without LM. Then the data were extracted for the meta-analysis. Subgroup analyses of
cancer types and drug types were also performed.
Results: 5293 patients [1246 (24%) patients with LM, and 4047 (76%) patients without LM] from the eight
RCTs were included for the final analysis. The pooled hazard ratio (HR) of death in the patients with LM was
0.82 (95% CI, 0.71 to 0.93, P = .003) while the pooled HR in the patients without LMwas 0.72 (95% CI, 0.66 to
0.79, P < .001). Additionally, no significant difference was found between the two groups (P = .137).
Conclusion: No statistically significant association of liver metastases with the efficacy of treatments
with PD-1 or PD-L1 inhibitors in the treatment of advanced or metastatic cancer was found in the
stratified analyses. Moreover, future studies about the safety of the PD-1 or PD-L1 inhibitors in patients
with or without liver metastases are warranted.
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Introduction

Metastasis is the main cause of why patients with solid tumors
died in the late stage.1 The liver, due to its rich dual blood
supply (both the arterial and portal venous systems) and its
specific immunological tolerance, is the most common site of
visceral metastases.2–3 In detail, both gastrointestinal (GI)
tumors and neuroendocrine tumors (NETs) showed prefer-
ence to metastasize to the liver, and liver metastasis (LM) is
also common in the advanced stage of lung cancer, renal cell
carcinoma, urothelial carcinoma, and melanoma.4,5 Also, in
some studies, the liver was regarded as the metastatic site with
the worst prognosis, especially in lung cancer and also in
other cancer.6–10 Surgical resection remained the only treat-
ment for patients with liver metastases (LM) from colorectal
and neuroendocrine cancers to achieve long-term survival.11

However, the surgery can be carried out in only 10% to 20%
of patients with colorectal liver metastases.12 Hence, for the
rest of the patients and the patients with non-colorectal and
non-endocrine liver metastases (NCNELM), the standard
treatment was still conventional therapy such as chemother-
apy, radiotherapy and targeted therapy.13 However, these
treatments played a limited role, and some patients were
unable to continue chemotherapy due to liver dysfunction.14

Therefore, it is an urgent need to work out more effective
treatment strategies for patients with liver metastases (LM).

Harnessing the immune system to battle cancer, immu-
notherapy has shown great clinical success in the fight against
cancer. Among these novel treatments, the programmed cell
death 1 (PD-1) or programmed cell death ligand 1 (PD-L1)
blockade therapy was the most successful one.15 The ligation
of the PD-1 and PD-L1 could activate the immune check-
point, which can suppress the ability of T cell leading to
cancer growth while the PD-1 or PD-L1 inhibitors can block
this ligation to enhance the immune system to kill the cancer
cells.16–18 Over the past years, a lot of clinical randomized
controlled trials (RCTs) demonstrated that treatments with
PD-1 or PD-L1 inhibitors could significantly improve the
overall survival in patients with various advanced malignan-
cies. Currently, three PD-1 inhibitors (nivolumab, pembroli-
zumab, and cemiplimab) and three PD-L1 inhibitors
(atezolizumab, durvalumab, and avelumab) have been
approved by United States Food and Drug Administration
(FDA) for the treatment of different cancer.19–24

Interestingly, in a recent trial (Checkmate 214),25 a favorable
hazard ratio (HR) of death (0.64 95% CI, 0.42 to 0.96) was
seen in the patients with liver metastases from renal-cell
carcinoma treated with nivolumab and ipilimumab, compared
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with the patients with sunitinib. By contrast, in another trial
(IMpower 130),19 the efficacy of the treatment containing
atezolizumab and chemotherapy was not significant (HR
1.04 95% CI, 0.63 to 1.72) compared with the patients treated
with chemotherapy alone. Therefore, the efficacy of PD-1 or
PD-L1 inhibitors remained uncertain in patients with liver
metastases (LM).

A meta-analysis of the efficacy of PD-1 or PD-L1 inhibitors
in the available trials recruiting patients with liver metastases
(LM) might provide relevant evidence for the physicians to
recommend the optimal treatment strategy for the patients
with liver metastases (LM). Thus, we performed a meta-
analysis to evaluate the efficacy of treatments with PD-1 or
PD-L1 inhibitors both in the patients with LM and patients
without LM to assess the relations of liver metastases and the
effectiveness of the PD-1 or PD-L1 inhibitors.

Methods

We followed the Preferred Reporting Items for Systematic
Reviews and Meta-analyses (PRISMA) guidelines26 to conduct
our meta-analysis. Our meta-analysis has been registered at
the International Prospective Register of Systematic Reviews
(PROSPERO), and the CRD code was CRD42019141792.

Search strategy and study selection

We searched Pubmed and Embase comprehensively for relevant
original articles about PD-1 or PD-L1 inhibitors from inception
date to June 2019 with no language restrictions. To prevent the
overlook of the recent unpublished studies, we additionally
reviewed the abstracts and presentations from two major con-
ference proceedings, including the American Society of Clinical
Oncology and the European Society for Medical Oncology. Two
investigators independently searched the databases, and the key-
words were “PD-1,” “PD-L1,” “checkpoint inhibitor,”
“Nivolumab,” “Pembrolizumab,” “Cemiplimab,” “Avelumab,”
“Durvalumab,” “Atezolizumab,” “cancer” “human” and “rando-
mized controlled trial” (more detailed information can be seen
in the Supplementary Table 1). The search was limited in human
trials. The same two investigators also independently excluded
the duplicate publications and reviewed all the studies in the
databases to choose the potentially included studies for data
extraction. The inclusion criteria we used were as follow: (1)
phase 2 or 3 randomized controlled trials; (2) trials evaluating
the relative efficacy of PD-1 or PD-L1 inhibitors alone or with
other regimens compared with regimen that did not include
a PD-1 or PD-L1 inhibitor in patients with advanced cancer;
(3) trials reporting the HR of overall survival (OS) in patients
distinctly; and (4) trials presenting HR of overall survival (OS) in
both patients with LM and patients without LM. We only
included the studies fulfilling all the criteria above. We excluded
the studies: (1) were non-trial studies such as retrospective or
prospective observational cohort studies, (2) were single-arm or
non-randomized trials; (3) were review articles, letters, editorials,
quality of life studies, basic science papers and cost-effectiveness
analyses; and (4) did not present HR of overall survival (OS) in
both subgroups of patients with LM and patients without LM. In

case of trials that did not include survival subgroup analysis
according to liver metastases (LM) in the main text, we also
reviewed each study’s supplement in the process of at the full-
text screening stage. Moreover, we only selected the most com-
plete and updated one if the same trial appeared in different and
multiple studies. Subsequently, any discrepancies in the process
of study selection were discussed and resolved by a consensus
formed by all investigators involved.

Risk of bias assessment and data extraction

The Cochrane Risk of Bias Tool27 was used by the same two
investigators independently and subjectively to assess the
quality of included studies. Every included study was evalu-
ated by the following criteria: (1) randomized sequence
generation; (2) allocation concealment; (3) blinding of parti-
cipants, personnel; (4) blinding of outcome assessment; (5)
incomplete outcome data; (6) selective outcome reporting,
and (7) other sources of bias. According to this method, all
the studies included were assessed, and each risk of bias was
described as low risk, high risk, or unclear risk. From each
included study, another two investigators independently col-
lated the name, year of publication, study phase, line of
therapy, type of malignancies, study drugs, number of the
patients, median follow-up time, HR for death in the overall
population and HR in both patients with LM and patients
without LM. In the process of quality assessment and data
extraction, any disagreements were discussed and resolved by
the consensus formed by all investigators.

Data analysis

The HR of death and 95% confidence intervals (CI) from each
included study in patients with LM and patients without LM
were derived and calculated separately for the pooled HR.
Cochrane’s Q statistics and I2 statistics were used to assess
the heterogeneity of individual studies.27 Heterogeneity was
considered low, moderate, or high according to I2 values
<25%, 25–50%, and >50%, respectively. If the test showed
I2 > 50% or P < .05, the data was calculated by a random-
effects model. Otherwise, the fixed-effects model would be
used. In this present study, we used the fixed-effects model
to calculate the pooled HR because the heterogeneity was not
significant in all conducted analyses. The subgroups were
selected according to different diseases, lines of therapy, and
drug targets. More importantly, to assess the difference
between the group with LM and the group without LM in
each analysis, we calculated the log HR and then assessed
whether variations were different from the null using χ2 test.
Besides, publication bias was assessed by three methods,
including direct visual inspection of the funnel plot, Egger
test, and Begg test.28–30 Three investigators performed all the
statistical analyses by STATA 12.0, and all the data were
expressed as the combination of HR and 95% CI. Moreover,
two-tailed P < .05 was regarded as statistically significant in
the two-tailed test.
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Results

Literature search

Through our search strategies, a total of 5964 publications were
initially identified. After duplication, 1560 articles were
removed. Then the rest of the publications were screened for
titles and abstracts. After the screening, 4151 articles were
excluded because they did not meet our inclusion criteria.
A total of 957 studies were excluded for irrelevant topics.
Additionally, 2215 studies of review or meta-analysis, 323 stu-
dies of case report, 71 basic or animal studies, 551 non-trial
studies, and 74 non-randomized trials were all excluded.
Subsequently, 253 potentially eligible studies were screened
for full-text review.In consequence, we excluded 41 phase-1
studies as well as 66 single-arm studies. Besides, 74 studies were
excluded for including PD-1 or PD-L1 inhibitors in both arms.
A total of 64 studies with insufficient data were excluded
because, in these studies, patients were not classified according
to the presence of the LM, or the HRs of overall survival in both
the group with LM or the group without LM were not given.

Finally, eight randomized controlled trials fulfilled our inclu-
sion criteria and were chosen for the final analysis. Figure 1
shows the flowchart diagram of our study selection process.

Study characteristics

Table 1 shows the main characteristic of the eight included stu-
dies. All the eight eligible studies were international multicenter
phase 3 randomized controlled trials (RCTs).19–21,25,31–34 A total
of 5293 subjects were included in our study, of which liver
metastases (LM) were present in 1246 (24%) patients and absent
in 4047 (76%) patients. Patients who underwent surgery for
cancer or metastatic sites were excluded in all eight trials. All the
eligible studies were performed in the patients with advanced or
metastatic malignancies, and the specific disease conditions and
histological features of each study are described in Table 2.
Among them, three studies were conducted in the patients with
lung cancer,19,31,34 two studies in renal cell carcinoma,25,32 two
studies in urothelial carcinoma20,33 and 1 study21 in gastric or
gastro-esophageal junction cancer. Moreover, nivolumab was stu-
died in 3 studies,21,25,32 atezolizumab19,31,33,34 in 4 studies and

Figure 1. Flowchart diagram of study selection. A total of eight RCTs were included in the final analysis.
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pembrolizumab in only one study.20 The PD-1 or PD-L1 inhibi-
tors were combined with other treatments as intervention groups
in 4 studies, while in the other four studies, patients received PD-1
or PD-L1 inhibitors alone. Besides, half of the trials (4 trials)
evaluated the PD-1 or PD-L1 inhibitors after the failure of the
previous systemic therapy. In contrast, the other half assessed the
efficacy of OS in the first-line setting. After the assessment of the
risks of bias, the quality of the studies was moderate to good in
general. However, the lack of blinding was found in most of the
included studies since most of them were open-label, and only
IMpower13334 and ATTRACTION-221 were double-blinded.
Also, the blinding of outcome assessment was unclear in all
included studies since the relevant information in the articles or
protocols was not found. The supplementary Table 2 shows the
risk of bias assessment.

Efficacy of PD-1 or PD-L1 inhibitors and liver metastases

In our study, we found that the patients with LM treated with
PD-1 or PD-L1 inhibitors had a significantly lower risk of death
compared with the patients in the control groups which did not
include a PD-1 or PD-L1 inhibitor (pooled HR 0.82 95% CI, 0.71
to 0.93, P = .003) (see Figure 2). Since no significant heteroge-
neity between studies was detected in the heterogeneity assess-
ment (I2 = 0.0%, P = .836), the fixed-effects model was deployed
in the data analysis. In the patients without LM, the benefits
obtained from PD-1 or PD-L1 inhibitors compared with con-
trolled treatment were also significant (HR 0.72 95% CI, 0.66 to
0.79, P < .001) (see Figure 2). The fixed-effects model was used
again, as no substantial heterogeneity presented between indivi-
dual studies. Interestingly, it should be noted that we found no
statistical difference in OS advantage between patients with LM
and patients without LM (P = .137).

Several subgroup analyses were performed according to
disease, line of therapy, and drug target. No statistically sig-
nificant difference in the efficacy of PD-1 or PD-L1 inhibitors
were found between the patients with LM and the patients
without LM in any of these analyses. In all the subgroup
analyses, the patients without LM can benefit from the PD-1
or PD-L1 inhibitors. For patients with LM, the significant
efficacy can be seen in the subgroups of renal cell carcinoma,
subsequent line, and PD-1 inhibitors. In the rest of the sub-
groups, including non-small-cell lung cancer (NSNSCLC),
urothelial carcinoma, PD-L1 inhibitors, and first-line therapy,
the efficacy seemed marginal. (see Table 3)

Publication bias

The assessment of the publication bias was performed in the
group with LM, the group without LM, and their combination.
No significant publication bias was found in the arm of patients
with LM after three methods, including the visual inspection of
the funnel plot, the Begg rank correlation test, and the Egger
linear regression test (see supplementary material). Similarly,
no substantial publication bias was detected in the combination
of both arms (see Figure 3). As for the arm of patients without
LM, the funnel plot all showed slight asymmetry, but the Begg
test indicated no significant publication bias (P = .174).
Interestingly, the Egger test showed significant publication
bias (P = .027). When the number of the included studies
was small, assessment of the publication bias should be based
on the Egger test. Therefore, we considered that the publication
bias in the arm of patients without LM existed. Despite the
existence of publication bias, sensitivity analysis of the Trim
and Fill Method35 showed the result was reliable and stable, as

Table 1. The basic characteristics and main outcomes of the 8 included randomized controlled trials.

Study ID Phase Tumor Type

Treatment groups

Line

Number of patients

Median
Follow-up
(month)

Overall Survival

Intervention group Control group Total
With
LM (%)

Without
LM (%)

HR (95% CI)
for Patients
with LM

HR (95% CI)
for patients
without LM

IMpower130 3 Non-squamous
Non-small-cell
Lung Cancer

Atezolizumab +
Carboplatin + Nab-
paclitaxel

Carboplatin +
Nab-paclitaxel

1 679 100(15%) 579(85%) 18.5 vs
18.8

1.04
(0.63 ~ 1.72)

0.73
(0.57 ~ 0.92)

IMvigor211 3 Urothelial
Carcinoma

Atezolizumab *Investigator’s
choice
Chemotherapy

>1 931 268(29%) 663(71%) 17.3 0.84
(0.64 ~ 1.09)

0.83
(0.69 ~ 1.0)

IMpower133 3 Small-Cell Lung
Cancer

Atezolizumab +
Carboplatin +
Etoposide

Placebo +
Carboplatin +
Etoposide

1 403 149 (37%) 254 (63%) 13.9 0.81
(0.55 ~ 1.20)

0.64
(0.45 ~ 0.90)

KEYNOTE-045 3 Urothelial
Carcinoma

Pembrolizumab *Investigator’s
choice
Chemotherapy

>1 541 186(34%) 355(66%) 14.1 0.85
(0.61 ~ 1.20)

0.67
(0.50 ~ 0.89)

ATTRACTION-2 3 Gastric or Gastro-
esophageal
Junction Cancer

Nivolumab placebo >1 493 106(22%) 387(78%) 8.87 vs
8.59

0.67
(0.42 ~ 1.07)

0.64
(0.50 ~ 0.81)

CheckMate025 3 Renal-Cell
Carcinoma

Nivolumab Everolimus >1 821 187 (23%) 634(77%) 22 0.81
(0.55–1.18)

0.73
(0.58–0.92)

Checkmate214 3 Renal-Cell
Carcinoma

Nivolumab +
Ipilimumab

Sunitinib 1 847 177(21%) 670(79%) 25.2 0.64
(0.42–0.96)

0.66
(0.51–0.85)

IMpower132 3 Non-squamous
Non-small-cell
Lung Cancer

Atezolizumab +
Carboplatin+
Cisplatin/
Pemetrexed

Carboplatin +
Cisplatin/
Pemetrexed

1 578 73(13%) 505(87%) 14.8 0.99
(0.57–1.70)

0.76
(0.59–0.98)

PD-1: programmed cell death 1; PD-L1: programmed cell death ligand 1; LM: liver metastases; HR: hazard ratios; CI: confidence interval: *Investigator’s choice
chemotherapy: paclitaxel, docetaxel, or vinflunine.
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no trimming or filling data was performed (see supplementary
material).

Discussion

To our knowledge, this is the first meta-analysis to study the
relations between liver metastases (LM) and the long-term effi-
cacy of PD-1 or PD-L1 inhibitors in patients with advanced

cancers. In our pooled study, the treatments with PD-1 or PD-
L1 inhibitors, compared with the regimen that did not include
a PD-1 or PD-L1 inhibitor, can significantly reduce the risk of
death by 18% in the patients with LM and by 28% in the patients
without LM with no significant difference (P = .137). Similarly,
in our subgroup analyses, no statistically significant differences
were detected in any analyses, although the magnitude of the
efficacy of PD-1 or PD-L1 inhibitors was greater for patients

Table 2. Clinicopathological characteristics of the eligible studies.

Study Cancer type Cancer condition

IMpower130 Non-squamous Non-small-cell Lung
Cancer (NSNSCLC)

Histologically or cytologically confirmed stage IV NSNSCLC, no previous chemotherapy

IMvigor211 Urothelial carcinoma Locally advanced (T4b, any N; or any T, N 2–3) or metastatic (M1, Stage IV) urothelial carcinoma,
progression during or following one or more platinum-containing regimens for metastatic urothelial
carcinoma

IMpower133 Small-Cell Lung Cancer Histologically or cytologically confirmed extensive-stage small-cell lung cancer, no previous systemic
treatment for extensive-stage small-cell lung cancer

KEYNOTE-045 Urothelial Carcinoma Histologically or cytologically confirmed locally advanced (unresectable) or metastatic urothelial carcinoma
with predominant transitional-cell features, progression or recurrence after two or fewer lines of systemic
chemotherapy

ATTRACTION-2 Gastric or Gastro-esophageal
Junction Cancer

Unresectable advanced or recurrent gastric or gastro-esophageal junction cancer histologically confirmed to
be adenocarcinoma, refractory to or intolerant of standard therapy including two or more previous
chemotherapy regimens

CheckMate025 Renal-Cell Carcinoma (clear-cell) Histologic confirmation of advanced or metastatic renal-cell carcinoma with a clear-cell component, disease
progression after or during no more than three total previous regimens of systemic therapy

Checkmate214 Renal-Cell Carcinoma (clear-cell) Advanced (not amenable to curative surgery or radiation therapy) or metastatic (*AJCC Stage IV) renal cell
carcinoma, no prior systemic therapy

Impower 132 Non-squamous Non-small-cell Lung
Cancer (NSNSCLC)

Histologically or cytologically confirmed stage IV non-squamous NSCLC, no prior treatment

*AJCC: American Joint Committee on cancer.

Figure 2. The forest plot of the hazard ratios and 95% CI of death in both groups of patients with LM and without LM assigned to intervention treatment, compared
with those in the control groups. The pooled HR was calculated by fixed-effects model since no heterogeneity was found in both groups. The difference between
these two groups was not significant (P = .137).
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without LM than for the patients with LM. Our finding was
consistent with previous studies, including one RCT and one
case report.36,37 In this case report,37 a 77-year-old man with
multiple liver metastases from gastric cancer was treated with
nivolumab (PD-1 inhibitor). After 12 cycles of systemic treat-
ment using nivolumab, the liver metastases in this patient com-
pletely disappeared, and no adverse reaction was observed. In
another study, the efficacy of nivolumab in the patients with LM
from advanced non-small-cell lung cancer was evaluated, and
the researchers found that compared with docetaxel, nivolumab
can significantly decrease the risk of death in the patients with
LM (HR 0.68 95% CI, 0.50 to 0.91) which was consistent with
findings from the overall study population (HR 0.70 95% CI,
0.61 to 0.81). This trial only included 96 patients with LM from
non-small-cell lung cancer, while our meta-analysis comprised
1246 patients with LM from various diseases. Our findings
suggested that the presence or absence of liver metastases should
not be the adequate criteria to select the patients in the routine
clinical practice of PD-1 or PD-L1 blockade treatment.

In subgroup analyses, for patients without LM, treatments
with PD-1 or PD-L1 inhibitors can significantly improve the

overall survival in any analyses. For patients with LM, the
efficacy of PD-1 and PD-L1 inhibitors was marginal for
patients with LM in urothelial carcinoma (HR: 0.84 95% CI,
0.68 to 1.04) and NSNSCLC (HR: 1.02 95% CI, 0.70 to 1.47).
Notably, for subgroups of the two diseases mentioned above,
data were available from only two trials. Besides, the subgroup
of NSNSCLC only included 173 patients. Partly owing to the
limited number of the included trials and included patients,
the subgroup analyses were not sufficiently powered to deny
the efficacy of PD-1 or PD-L1 inhibitors in the patients with
LM from NSNSCLC and urothelial carcinoma. Therefore,
more future studies were urgently needed to assess the effi-
cacy of PD-1 blockade therapy in patients with LM from
various cancer. Besides, for patients with LM, the efficacy of
the PD-1 or PD-L1 inhibitors was significant in the subse-
quent-line setting (HR: 0.81 95% CI, 0.68 to 0.96), but it is
marginal in the first-line setting (HR: 0.82, 95% CI, 0.66 to
1.03). In terms of the first-line therapy, we have conducted the
appropriate test to compare the estimates between the group
with LM (HR: 0.82, 95% CI, 0.66 to 1.03) and the group
without LM (HR: 0.70 95% CI, 0.62 to 0.80) and the difference

Table 3. Differences in efficacy of PD-1 or PD-L1 inhibitors in LM (+) and LM (-) by subgroups.

Number of patients (N) Pooled HR (95% CI) Test for difference

Variable Number of trials LM (+) LM (-) LM (+) LM (-) χ2 *P

Overall 8 1246 4047 0.82 (0.71 ~ 0.93) 0.72 (0.66 ~ 0.79) 2.21 0.14
Disease
Renal-Cell Carcinoma 2 364 1304 0.73 (0.55 ~ 0.96) 0.70 (0.59 ~ 0.83) 0.06 0.81
Urothelial Carcinoma 2 454 1018 0.84 (0.68 ~ 1.04) 0.78 (0.67 ~ 0.91) 0.35 0.55
NSNSCLC 2 173 1084 1.02 (0.70 ~ 1.47) 0.74 (0.63 ~ 0.89) 2.24 0.13
Line of therapy
First line 4 499 2008 0.82 (0.66 ~ 1.03) 0.70 (0.62 ~ 0.80) 1.33 0.25
Subsequent line 4 747 2039 0.81 (0.68 ~ 0.96) 0.73 (0.66 ~ 0.82) 0.92 0.34
Drug target
PD-1 4 656 2046 0.76 (0.62 ~ 0.92) 0.68 (0.60 ~ 0.77) 0.86 0.35
PD-L1 4 590 2001 0.88 (0.72 ~ 1.06) 0.76 (0.68 ~ 0.86) 1.41 0.24

LM (+): Patients with liver metastases; LM (-): Patients without liver metastases; *P: P value for difference on HR between patients with liver metastases and patients
without liver metastases.

Figure 3. The funnel plot of the overall survival from both arms from the included 8 RCTs for the visual detection of systematic publication bias and small study effect.
The visual inspection of the funnel plot was symmetric.
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was not significant (P = .25). Therefore, the non-statistical
significance can be explained by chance, and we cannot deny
the efficacy of the PD-1 or PD-L1 inhibitors as a first-line
setting so far.38 For the same reason, the efficacy of PD-L1
inhibitors in patients with LM cannot be denied, either.
Interestingly, the biological difference between PD-1 inhibi-
tors and PD-L1 inhibitors did exist since PD-1 inhibitors can
have more significant antitumor effects because they blocked
the binding between PD-1 receptors and two ligands (PD-L1
and PD-L2) simultaneously and blocking the binding of PD-
L2 can also relieve the immune suppression induced by cancer
cells while PD-L1 inhibitors can only block the PD-L1.39

Besides, in a previous meta-analysis, the researchers per-
formed a comparison between nivolumab, pembrolizumab,
and atezolizumab. They found that patients with lung cancer
treated with nivolumab or pembrolizumab had a significantly
higher objective response rate (ORR) than the patients treated
with atezolizumab.40 However, there was no available study
specifically comparing the efficacy in the patients with LM
among different PD-1 or PD-L1 inhibitors at present.
Therefore, it was hard to tell which PD-1 or PD-L1 inhibitors
were more appropriate for patients with LM so far. Thus,
large RCTs were needed to evaluate the relative efficacy of
different PD-1 or PD-L1 inhibitors in patients with LM to
choose the optimal PD-1 or PD-L1 for these patients.

Nowadays, when liver metastases were detected in patients
with advanced cancer, the surgery was still the first choice, but
most of the patients with LM at diagnosis were not appro-
priate for surgery.1 Therefore, a novel treatment strategy was
needed for patients with LM. Our study suggested that
patients with liver metastases (LM) should not be excluded
in the clinical practice of PD-1 or PD-L1 blockade therapy.
Treatment with PD-1 or PD-L1 inhibitors might provide
a novel treatment strategy for patients with LM. Our study
might promote the future use of PD-1 or PD-L1 in patients
with LM. However, we should not exaggerate the efficacy of
PD-1 or PD-L1 inhibitors in patients with LM. In some
studies, even after the treatment of PD-1 or PD-L1 inhibitors,
the presence of liver metastases was still associated with poor
outcomes.36,41,42 In a retrospective study,41 the median overall
survival of the patients with LM treated with durvalumab
(PD-L1 inhibitor) was only 5.5 months, which was signifi-
cantly lower than that in the patients without LM
(16.7 months). Also, in another study,42 61 samples from the
patients with metastatic melanoma before the treatment of
pembrolizumab (PD-1 inhibitor) were obtained for immuno-
histochemical staining. Then the outcome indicated that the
CD8+ T cells count in the metastatic sites from the patients
with LM was significantly lower compared with the patients
without LM. CD8+ T cells, including cytotoxic T lymphocytes
(CTLs) and natural killer (NK) cells, were significant cellular
proportions associated with the response to the PD-1 or PD-
L1 inhibitors. The researchers explained the decreased CD8+

T cells in patients with LM by liver tolerance. Liver tolerance
was introduced to explain the liver’s unique ability to suppress
the immune responses to maintain its homeostasis since this
well-supplied lymphoid organ was exposed to the massive
antigenic life-sustaining dietary products from the gastroin-
testinal tract via portal vein system.2,43 Also, some

investigators believed that the liver tolerance might be respon-
sible for the chronic infection of hepatitis B virus and hepatitis
C virus in the liver, the better acceptance of liver transplanta-
tion and the establishment of the metastatic tumors in the
liver.43,44 In brief, for patients with LM, the ability of PD-1 or
PD-L1 inhibitors to enhance the immune system might be
partly counteracted by their relatively strong liver tolerance.
Therefore, future development of the combination strategies
has been an urgent need to improve PD-1 blockade efficacy.
For example, in a case report, the physicians combined the
nivolumab with chimeric antigen receptor (CAR) T cells 19 in
a patient with refractory follicular lymphoma and achieved an
exciting outcome.45 Since CAR T cells can promote the infil-
tration of the T cell in the tumors while PD-1 or PD-L1
inhibitors can enhance the function of T cells, the combina-
tion of these two treatments can work together to counteract
the immunosuppression.46 Currently, there are several
ongoing larger clinical trials exploring combination therapy
with CAR T Cells and PD-1 or PD-L1 inhibitors on different
types of advanced solid tumors such as neuroblastoma
(NCT01822652) and glioblastoma (NCT03726515).
Moreover, the combinations with PD-1 or PD-L1 inhibitors
and other different checkpoint inhibitors might also be pro-
mising. The combination of nivolumab and ipilimumab [cyto-
toxic T-lymphocyte-associated protein 4 (CTLA-4) inhibitors]
significantly improved the overall survival in patients with
metastatic melanoma compared with ipilimumab alone in
a phase-3 RCT.47 FDA also approved this combination for
the management of unresectable melanoma in 2016. It was
thought that the combination of CTLA-4 and PD-1 blockade
would act synergistically to promote the activation of the
T cells and NK cells in multiple pathways to enhance the
immune system to fight cancer.48 Besides CTLA-4, some
other clinical trials of the combination therapy of PD-1 block-
ade with the inhibition of other negative co-receptors such as
lymphocyte activation gene 3 (NCT02658981) are also
ongoing. In addition, our study only discussed the efficacy
of different medications while some radiologic managements
such as stereotactic body radiotherapy (SBRT), transarterial
embolization (TAE), transarterial chemoembolization (TACE)
also played an important role in the patients with LM.11,49,50

In one study, the PD-1 inhibitors were combined with SBRT
for three patients (one patient with nivolumab and two
patients with pembrolizumab) with intrahepatic cholangiocar-
cinoma and the decrease of the liver lesions was observed in
all of the patients.51 Besides, one of the patients even achieved
progression-free and maintained a complete response for
11 months. The radiation therapy has shown immunomodu-
lating effects such as reversing immunosuppressive barriers
within the tumor microenvironment, augmented the genera-
tion of the CTL, and increasing PD-1 tumor expression, all of
which have the potential to enhance the efficacy of PD-1
blockade therapy.52–54 More importantly, the combination of
PD-1 blockade and radiotherapy can boost the abscopal effect
leading to regression of metastatic cancer at distant sites.55

There were also several limitations. Firstly, our study
only studied the efficacy of PD-1 or PD-L1 inhibitors. An
optimal treatment strategy needed to maximize the benefit
as well as minimize the risk of toxicities. However, in our
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study, the information regarding adverse events from the
included patients with or without liver metastases was una-
vailable. Currently, there is no publication studying the
safety of the PD-1 or PD-L1 inhibitors specifically in the
patients with LM, although several previous meta-analyses
indicated that compared with controlled regimens such as
chemotherapy and targeted therapy, the PD-1 or PD-L1
inhibitors seemed to have better safety profile in patients
with cancer.56,57 Future studies should focus on the safety of
PD-1 or PD-L1 inhibitors in patients with LM. Secondly,
since our study only extracted data in a trial level rather
than an individual level, other variables other than liver
metastases could affect the response of PD-1 or PD-L1
inhibitors such as age, gender, region, and PD-L1 expression
status. Thirdly, there was a publication bias in the group of
patients without LM, despite sensitivity analysis of the Trim
and Fill Method was used to confirm the stability and
reliability of our results.

Conclusion

No difference was found in the efficacy of treatment with PD-
1 or PD-L1 inhibitors between patients with LM and patients
without LM. Patients with liver metastases (LM) should not
be excluded in the clinical practice of PD-1 or PD-L1 block-
ade therapy. Future studies are needed to assess the safety of
PD-1 or PD-L1 inhibitors and to seek optimal multimodality
therapy, including PD-1 or PD-L1 inhibitors.
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