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Background: To investigate the significance of metastatic sites and their numbers to the efficacy of
immune checkpoint inhibitors (ICIs) in patients with advanced non-small cell lung cancer (NSCLC).
Methods: A total of 232 patients who received ICI monotherapy or ICI-based combination therapy were
retrospectively identified from January 2016 to February 2019. Six metastatic sites (brain, liver, bone, adrenal
gland, contralateral lung, pleura) were included to analyze their significance to ICI efficacy. To explore the
association between liver metastasis (LM) and tumor T cell infiltration, 46 patients with available tumor
specimens were tested for PD-L1 expression, CD8+ tumor infiltrating lymphocytes (TILs) density. Overall
survival (OS) and progression-free survival (PFS) were estimated by Kaplan-Meier curves.

Results: More metastatic organs involved were associated with significantly worse PFS (0-1 organ:
5.7 months, 2-3 organs: 3.5 months, >4 organs: 2.7 months, P<0.001) and lower ORR (36% vs. 29.8% us.
18.2%), P<0.001). Patients with brain metastasis (BM) had shorter PFS and OS than those without (P=0.002,
P=0.021; respectively). Notably, patients with LM had the shortest PFS (2.3 months, P=0.005) and numerically
shortest OS (9.8 months, P=0.238) compared with those with other organ metastases. Multivariate analysis
revealed that LM was independently associated with inferior PFS (P<0.001). Immunostaining showed that
patients with LM tended to have lower proportions of PD-L1+CD8+TIL+ tumors compared with those
without LM (0% wvs. 30.8%, P=0.088). Interestingly, ICI-based combination therapy could effectively control
LM with improved intrahepatic PFS (P=0.056) and ORR (41.7% vs. 6.7%, P=0.030).

Conclusions: More metastatic organs involved were associated with poorer response to ICIs. LM was a
negative predictive factor for patients treated with ICI monotherapy and the combination strategy might
effectively control LM.
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Introduction

Lung cancer is the leading cause of cancer-related deaths
worldwide with high incidence of distant metastasis (1).
Treatment targeting immune-checkpoints, including
programmed-death 1 (PD-1)/its ligand (PD-L1) interaction,
is a breakthrough and significantly prolongs the survival of
patients with advanced non-small cell lung cancer (NSCLC),
specifically, those without oncogenic drivers (2). However,
metastasis is still unpreventable and incurable, and remains
a main cause for cancer-related deaths. The most frequent
metastatic sites in NSCLC are bone, brain, lung, liver,
adrenal gland, and pleura (3). With the wide application of
immune checkpoint inhibitors (ICIs), the efficacy of ICIs in
patients with different metastatic sites needs to be further
elucidated.

Few clinical trials have reported the subgroup data
based on metastatic sites at baseline in patients treated
with ICIs. As to brain metastasis (BM), the dismal results
regarding the efficacy of ICI monotherapy in patients
with CNS metastasis compared with chemotherapy have
been reported in KEYNOTE-024, CheckMate-057 and
OAK (4-6). However, promising results of pembrolizumab
in combination with chemotherapy are noted in
KEYNOTE-189 (7). In terms of liver metastasis (LM),
minimal therapeutic benefit has been observed with the use
of ICI monotherapy. Furthermore, combining atezolizumab
(anti-PD-L1 antibody) with chemotherapy is also not an
effective approach. Notably, the addition of bevacizumab to
atezolizumab and chemotherapy appears to improve survival
outcomes in patients with LM at baseline (8). Therefore, for
patients with specific metastatic sites, the efficacy of ICIs is
still unclear. Additionally, to our knowledge, no prospective
studies focus on the efficacy of ICIs in patients with bone,
contralateral lung, adrenal gland, and pleural metastases.

Herein, in this study, we aimed to investigate the
significance of different metastatic sites and their numbers
to the efficacy of ICIs in patients with advanced NSCLC.

We present the following article in accordance with the
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/atm-20-1471).

Methods

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013) and was
approved by the Ethics Committee of Shanghai Pulmonary
Hospital, Tongji University School of Medicine (No. K18-
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089-1) and individual consent for this retrospective analysis
was waived.

Patients

As shown in Figure S1, patients who were diagnosed with
advanced NSCLC between January 2016 and February
2019 and received ICIs during the treatment course with
complete medical records (baseline radiological data and
available follow-up) in Shanghai Pulmonary Hospital were
enrolled in this retrospective study. Electronic medical
records were collected including, age, sex, ECOG PS,
smoking history, pathology, staging, driver mutations, ICI
treatment strategy, and immunotherapy treatment line.
In addition, to investigate the significance of metastatic
sites to clinical outcome of IClIs, six metastatic sites,
namely the brain, the liver, the bone, the adrenal gland,
the contralateral lung, and the pleura were included
in this present study. Patients were followed up until
October 2019.

Efficacy evaluation

Progression-free survival (PFS) was defined from the first
day of ICIs treatment to the day of physician assessment
of disease progression or death from any cause. Overall
survival (OS) was calculated from the date of ICI treatment
start to the date of death of any cause or last follow-up.
Objective response rate (ORR) was assessed by investigators
according to the Response Evaluation Criteria In Solid
Tumors (RECIST; version 1.1). ORR was calculated as
percentage of patients with evaluated complete response
(CR) or partal response (PR).

To detect the metastatic pattern, patients were assessed
by chest CT scan, brain MRI, bone scan and abdominal
ultrasound or PET-CT before application of ICIs.

Immunobistochemistry and detection of oncogenic drivers

The tumor specimens were fixed in formalin and embedded
in paraffin in accordance with standardized procedures
(9,10). IHC staining, according to our previous study,
was performed using PD-L1 IHC 22C3 pharmDx assay
(DAKO) and CD8 monoclonal antibodies (#M7103, clone
C8/144B, DAKO, Glostrup, Denmark, diluted 1:200) to
detect the expression of PD-L1 and CD8" tumor infiltrating
lymphocytes (TILs) in specimens. PD-L1 expression
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on tumor cells was defined by tumor proportion scores
(TPS) and the cut-off value was 1% (11). CD8" TILs were
determined as lymphocytes with cytoplasmic expression
of CD8 infiltrating in the central or marginal tumor

low/high

region and CD8 was defined by cut-off value of 5%
(9,12). IHC scores were independently determined by two
experienced pathologists (L. Hou, C Wu).

The oncogenic driver mutation analysis was performed
at Shanghai Pulmonary hospital (Shanghai, China). The
analysis was performed using commercially available
AmoyDx® Gene Mutation Detection Kits (AmoyDx Co.

Ltd., Xiamen, China).

Statistical analysis

Baseline clinical characteristics were listed by numbers
and percentages. To analyze the ORR difference between
subgroups, the Chi-square or Fisher’s exact test was
performed. The Kaplan-Meier method was used to
analyze the survival probability and log-rank test was
used to calculate the significance of differences. Cox
proportional hazard model was applied for the univariate
and multivariate analyses to calculate the hazard rations
(HR) and 95% confidence intervals (95% CI). Parameters
with the univariate P value of less than 0.1 were included
in multivariate model. All data were analyzed by using
the Statistical Package for Social Science (SPSS) software
(version 23.0 for Mac) and GraphPad Prism software
(Version 6 for Mac). P values in this article were two-sided
and considered statistically significant when less than 0.05.

Results

Baseline characteristics and efficacy of ICIs in total
population

Baseline characteristics are summarized in Table 1. A total
of 232 advanced NSCLC patients were identified. The
median age was 62 (20 to 82) years old and 83.2% (193/232)
were male. Among them, 62.9% (146/232) of patients had
smoking history and 62.9% (146/232) were diagnosed as
lung adenocarcinoma. 42 patients had genetic aberrations,
of which 50% (21/42) harbored KRAS mutations and 33.3%
(14/42) with EGFR mutations (Figure S2). 128 patients
(55.2%) received ICI monotherapy, 64 (27.6%) received
ICI plus chemotherapy and the remaining received ICI
plus anti-angiogenesis therapy. Detailed regimens are listed
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in Table SI. Among 232 patients, 66 (28.4%) were treated
with ICI as first-line treatment strategy. In our cohort,
54.3% (126/232) patients had 0-1 metastatic organ involved
before the application of IClIs, 36.2% (84/232) of patients
had 2-3 metastatic organs and the rest of patients suffered
from at least 4 metastatic organs. In terms of metastatic
sites, the baseline incidence of BM was 12.5% (29/232), LM
was 12.5% (29/232), bone metastasis was 37.5% (87/232),
adrenal metastasis was 12.5% (29/232), pleural metastasis
was 31.9% (74/232) and contralateral lung metastasis was
48.7% (113/232). As shown in Figure 14, the median PFS
was 4.5 months, median OS was 19.7 months and ORR was
32.0 % in overall population of patients.

Predictive and prognostic factors including metastatic
burden and metastatic sites

We performed a univariate and multivariate analysis
to determine the factors that were associated with the
efficacy of ICIs. As shown in Tables 2,3, patients with good
performance status or treated with first-line ICIs had better
PFS and OS. In addition, patients treated with combination
strategy could get PFS benefit (HR 0.583, P=0.001) rather
than OS benefit. Younger patients (age <65) could get
marginally significant OS benefit rather than PFS benefit
from ICIs (univariate: HR 1.526, P=0.060; multivariate:
HR 1.593, P=0.050). With regard to metastatic burden,
more metastatic organs involving were associated with
shorter PFS in both univariate (P<0.001) and multivariate
analysis (P=0.006) and worse OS (P=0.039) in univariate
analysis. In terms of metastatic sites, LM or BM was
significantly associated with shorter PFS (LM: HR 2.429,
P<0.001; BM: HR 1.961, P=0.002) and OS (LM: HR 1.875,
P=0.034; BM: HR 1.999, P=0.023) in univariate analysis.
However, in multivariate analysis, only LM was identified
as an independently predictive factor for PFS (HR 1.789,
P=0.014).

Clinical outcomes by metastatic burden and metastatic site

We further evaluated the association between number of
metastatic organs and clinical outcome in patients treated
with ICIs (Figure 1B). Three subgroups were categorized
based on the number of metastatic organs: 0-1, 2-3 and
>4 organs involved. More metastatic organs involving
were associated with inferior PFS and ORR (median PFS:
5.7 vs. 3.5 vs. 2.7 months, P<0.001; ORR: 36% vs. 29.8%
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Table 1 Patient characteristics

Characteristic

No. of patients (n=232)

Median age, years (range)
Sex, n (%)
Male
Female
ECOG PS, n (%)
0-1
2
Smoking history, n (%)
Current/former
Never
Pathology, n (%)
Adenocarcinoma
Squamous
Others
Staging, n (%)
B-1v
Post-operative recurrence
Gene aberrations, n (%)
Wild-type
Mutated
Treatment strategy, n (%)
ICl alone
ICI + chemotherapy
ICI + anti-angiogenesis
Treatment line, n (%)
First
Second

>Third

Number of metastatic sites, n (%)

0-1
2-3
>4
Brain metastasis, n (%)
Yes

No

62 (20 to 82)

193 (83.2)
39 (16.8)

226 (97.4)
6 (2.6)

146 (62.9)
86 (37.1)

146 (62.9)
64 (27.6)
22 (9.5)

199 (85.8)
33 (14.2)

190 (81.9)
42 (18.1)

128 (55.2)
64 (27.6)
40 (17.2)

66 (28.4)
94 (40.5)
72 (31.1)

126 (54.3)
84 (36.2)
22 (9.5)

29 (12.5)
203 (87.5)

Table 1 (continued)
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Table 1 (continued)

Characteristic No. of patients (n=232)

Liver metastasis, n (%)
Yes 29 (12.5)
No 203 (87.5)
Bone metastasis, n (%)
Yes 87 (37.5)
No 145 (62.5)
Adrenal metastasis, n (%)
Yes 29 (12.5)
No 203 (87.5)
Pleural metastasis, n (%)
Yes 74 (31.9)
No 158 (68.1)
Contralateral lung metastasis, n (%)
Yes 113 (48.7)
No 119 (51.3)

vs. 18.2%, P<0.001). Moreover, patients with at least 4
metastatic organs involved had the shortest OS, whereas OS
was not statistically different between patients with 0-1 and
2-3 metastatic organs due to the limited sample size (median
OS: 23.5 vs. 23.8 vs. 9.9 months, P=0.073).

We next investigated the significance of distinct
metastatic sites on the efficacy of ICIs, as shown in
Figure 1C, patients with LM had significantly shortest PES
compared with those with other metastatic patterns (LM:
2.3 months, P=0.005) and numerically shortest OS (LM: 9.8
months), though the statistical significance was not reached
(P=0.238). Additionally, as presented in Figure 2, the
presence of LM or BM rather than other metastatic organs
was associated with shorter PFS (LM: 2.3 vs. 5.0 months,
P<0.001; BM: 3.0 vs. 4.7 months, P=0.002) and OS (LM:
9.8 vs. 23.5 months, P=0.031; BM: 9.9 vs. 23.5 months,
P=0.021).

Having identified the significance of metastatic site to
response, we examined the relationship between different
metastatic sites and clinical outcomes in monotherapy
group and combination therapy group, respectively
(Figures S3,54). The presence of LM was associated
with inferior PFS in both monotherapy and combination
treatment group (median PFS: monotherapy group: 2.0
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Figure 1 PES, OS and objective response in patients treated with ICI (A) in overall cohort; (B) stratified by numbers of metastatic organs; (C)

stratified by metastatic sites. ICI, immune checkpoint inhibitor.

vs. 3.2 months, P=0.010; combination treatment group:
3.2 vs. 7.0 months, P<0.001) compared with those without
LM. Patients with BM had shorter PFS in monotherapy
group but not in combination treatment group than those
without BM (median PFS: monotherapy cohort: 1.7 vs.
3.3 months, P<0.001). For other metastatic sites, the
presence of metastasis was not associated with the efficacy
of ICIs except for the presence of bone metastasis (median
PES: 2.3 vs. 3.4 months, P=0.04) or pleural metastasis
(median PFS: 2.1 vs. 3.4 months, P=0.024) in monotherapy
group. For OS, patients with BM had inferior OS than
those without in combination treatment group (median OS:
13.7 vs. NA, P=0.028) and patients with pleural metastasis
had shortened OS (median OS: 8.2 vs. 17.6 months,
P=0.045) than those without in monotherapy group.

© Annals of Translational Medicine. All rights reserved.

Association of LM with TME subtypes

Given the negative value of LM on ICI efficacy, we
investigated association of T-cell infiltrates and LM with
THC analysis of CD8 and PD-L1 expression in samples
obtained from 46 patients with enough tissue before
treatment. Detailed clinical characteristics of 46 patients
are shown in Table S2. 7 of 46 patients had baseline LM.
There were no significant differences observed with
regard to age (P=0.717), gender (P=1.000), smoking status
(P=0.313), histology (P=0.626), staging (P=0.496), genetic
aberration (P=0.941) and treatment strategy (P=0.698) by
LM status. PD-L1 positive tumors were detected in 14.3%
(1/7) patients with LM and 38.5% (15/39) without LM.
Positive CD8"T1Ls were detected in 71.4% (5/7) patients
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Table 2 Univariate and multivariate analyses of clinical parameters on PFS in patients treated with ICIs

Univariate analysis

Multivariate analysis

Factor

HR (log rank) 95% ClI P value HR (log rank) 95% ClI P value
Sex (male/female) 0.765 0.512-1.118 0.161
Age (=65/<65 years old) 1.038 0.763-1.413 0.811
Smoking (never/ever) 0.831 0.611-1.131 0.238
Stage (IlIB-1V/postoperative recurrent) 0.904 0.587-1.393 0.649
ECOG PS (2-3/0-1) 12.689 5.244-30.700 <0.001 11.929 4.770-29.830 <0.001
Histology type (adenocarcinoma/non- 0.811 0.595-1.105 0.184
adenocarcinoma)
Genetic aberrations (yes/no) 0.816 0.544-1.224 0.326
Treatment line (first/non-first) 0.544 0.382-0.776 <0.001 0.634 0.437-0.920 0.016
Treatment strategy (combination/monotherapy) 0.575 0.423-0.780 <0.001 0.583 0.419-0.811 0.001
Number of metastatic sites (=2 vs. 0-1) 1.746 1.294-2.356 <0.001 1.617 1.148-2.278 0.006
Brain metastasis (yes/no) 1.961 1.277-3.011 0.002 1.420 0.887-2.272 0.144
Bone metastasis (yes/no) 1.226 0.903-1.664 0.192
Liver metastasis (yes/no) 2.429 1.584-3.723 <0.001 1.789 1.125-2.846 0.014
Adrenal metastasis (yes/no) 1.405 0.924-2.137 0.111
Contralateral lung metastasis (yes/no) 0.99 0.733-1.336 0.946
Pleural metastasis (yes/no) 1.221 0.887-1.681 0.221

with LM and 79.5% (31/39) without LM. No association
was observed in PD-L1 or CD8expression and LM status
(P=0.216 and P=0.634, respectively).

Next, based on PD-L1 expression and CD8" T cell
infiltration (13), the TME were categorized into four
subtypes: PD-L17/CD8"TILs" (I), PD-L1/CD8"TILs"
(II), PD-L1/CD8"TILs™ (III), PD-L1/CD8"TILs" (IV)
(Figure 3A). In patients with LM, the proportions of four
TME subtypes were 0% (type 1), 71.4% (type 1V), 14.3%
(type II), and 14.3% (type III), respectively. In patients
without LM, the proportions of four TME subtypes were
30.8% (type 1), 48.7% (type IV), 7.7% (type II), and 12.8%
(type III), respectively, suggesting that patients without LM
tended to have higher proportions of CD8"PD-L1"tumors
compared with those with LM (30.8% wvs. 0%, P=0.088)
(Figure 3B).

Efficacy of different ICI regimen in patients with LM

Next, we explored the optimal therapeutic regimen for
patients with LM. As shown in Figure 44, patients who

© Annals of Translational Medicine. All rights reserved.

received ICI-based combination therapy had marginally
longer PFS and numerically longer OS than those treated
with monotherapy (median PFS: 3.2 vs. 2.0 months,
P=0.066; median OS: 10.3 vs. 8.5 months, P=0.230). ORR
was also significantly increased in combination treatment
group (45.5% vs. 6.3%, P=0.033). Additionally, combination
therapy could effectively control LM with improved
intrahepatic PFS (P=0.056) and intrahepatic ORR (41.7%
vs. 6.7%, P=0.030) (Figure 4B). Two representative cases
were shown in Figure S5 and indicated that the addition of
conventional therapy could effectively control LM.

Discussion

In this study, we investigated the significance of metastatic
sites to the efficacy of ICIs in patients with advanced
NSCLC. With more metastatic organs involved, worse
clinical outcomes were observed. The presence of BM or
LM was associated with shorter PFS and OS. Multivariate
analysis showed that among all types of metastatic sites,
LM was the only negative predictor for the efficacy of
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Table 3 Univariate and multivariate analyses of clinical parameters on OS in patients treated with ICIs

Univariate analysis

Multivariate analysis

Factor

HR (log rank) 95% Cl P value HR (log rank) 95% ClI P value
Sex (male/female) 1.173 0.635-2.170 0.610
Age (=65/<65 years old) 1.526 0.983-2.369 0.060 1.593 1001 —2.535  0.050
Smoking (never/ever) 1.116 0.702-1.774 0.644
Stage (llIB-IV/postoperative recurrent) 0.815 0.449-1.481 0.503
ECOG PS (2-3/0-1) 25.572 7.821-83.608 <0.001 24173 7.092-82.392  <0.001
Histology type (adenocarcinoma/non- 0.741 0.476-1.154 0.185
adenocarcinoma)
Genetic aberrations (yes/no) 0.956 0.517-1.770 0.886
Treatment line (first/non-first) 0.473 0.273-0.822 0.008 0.569 0.317-1.022 0.059
Treatment strategy (combination/monotherapy) 0.561 0.355-0.888 0.014 0.741 0.445-1.232 0.247
Number of metastatic sites (=2 vs. 0-1) 1.585 1.024-2.455 0.039 1.378 0.833-2.278 0.212
Brain metastasis (yes/no) 1.999 1.101-3.631 0.023 1.676 0.844-3.330 0.140
Bone metastasis (yes/no) 1.260 0.813-1.955 0.302
Liver metastasis (yes/no) 1.875 1.050-3.347 0.034 1.191 0.604-2.351 0.614
Adrenal metastasis (yes/no) 1.274 0.689-2.358 0.440
Contralateral lung metastasis (yes/no) 0.904 0.582-1.405 0.654
Pleural metastasis (yes/no) 1.387 0.886-2.171 0.152

PFS, progression-free survival; OS, overall survival; ECOG PS, Eastern Cooperation Oncology Group performance status.

ICIs. Patients with LM tended to have lower proportions
of inflamed TME (PD-L1"CD8'TIL") tumors compared
with those without LM. ICI combination treatment might
effectively control liver progression compared with ICI
monotherapy.

The bone, brain, liver, adrenal gland, contralateral lung
and pleura were common metastatic sites in advanced
NSCLC (14). Metastatic spread is the signal of advanced-
stage cancer and the major reason for cancer-related
deaths (15). The number of metastatic organs often
indicates the systemic tumor burden. Our study suggested
that more metastatic organs involved were correlated with
worse PFS, OS and ORR. Consistent with our findings,
previous study reported that in ALK-positive NSCLC, the
increasing number of metastatic organs were also associated
with worse OS (16). Moreover, our study indicated that
younger patients with good performance status and patients
who received first-line ICIs could obtain OS benefit from
the treatment. Immunotherapy, especially ICI was proposed
to release the “brake” of T cells to produce the robust

© Annals of Translational Medicine. All rights reserved.

immune response. Owing to the memory function of T
cells, a subset of patients who received immunotherapy
usually demonstrated a tail of survival curve indicating the
long-term benefit. However, the premise of the effective
work was based on the comparatively complete immune
system and good physical condition (17). Patients with
low metastatic burden was associated with early phase
of advanced NSCLC. Therefore, the immunotherapy
should be applied as earlier as possible in patients with
low metastatic burden, immune system that could be
reinvigorated.

In the present study, patients with LM was associated with
inferior response and PFS. LM was a negative prognostic
factor in NSCLC patients. A population-based data on
metastatic site performed by Riihimaki ez 4/. reported that
LM was associated with worst survival with an OS of only
3 months (3). Previous studies demonstrated that LM was
associated with poor PFS in patients treated with nivolumab
and pembrolizumab (18,19). Reduced response in patients
with LM could be partially explained as follows. (I) Owing
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Figure 3 Association of LM and TME subtypes. (A) Representative immunohistochemistry images (x40) of four TME subtypes with PD-L1 and

CD8 expression; (B) proportions of 4 TME subtypes in patients with or without LM. TME, tumor microenvironment; LM, liver metastasis.

to liver-induced peripheral tolerance effect to maintain local
immune microenvironment (20), patients with LM was
not the beneficial population in immunotherapy setting.
Liver-induced tolerance was firstly described in liver
transplantation with the phenomenon that liver allografts
were often without the need of histocompatibility (21).
Previous studies pointed out several mechanisms that could
account for liver-induced tolerance, including incomplete
activation of CD8"T cells, passive or active mechanisms
trapping activated CD8"T cells and activation of regulatory
T cells (22,23). (II) LM from lung cancer was reported to
respond to treatment in a more similar way to liver cancer
than lung cancer, in other word, in a way of tissue-specific
immuno-regulation. Therefore, a hypoxia tumor condition
in liver TME with high VEGF expression could contribute
to the induction of immunosuppressive immune cells to
form an immunosuppressive TME (24,25). (III) Reduced
marginal CD8"T cell infiltration was observed in liver (19).
Poor TILs infiltration led to the ineffective response to

© Annals of Translational Medicine. All rights reserved.

immunotherapy. In our study, patients with LM tended
to have lower proportions of Type I tumors which are
regarded as likely to benefit from single-agent PD-1/PD-
L1 blockade (13). However, compared with chemotherapy,
the pooled results showed that immunotherapy did benefit
patients with baseline LM (HR for OS: 0.72, P=0.008,
Figure S6). Of note, the included studies were regarding
the comparison between ICI-based combination treatment
and chemotherapy. Although after 3 years follow-up,
nivolumab monotherapy demonstrated OS benefits
versus docetaxel (26), there was no direct comparison
between combination therapy and monotherapy, we firstly
discovered that the combination of ICI with conventional
treatment could control LM progression with significant
improvement in intrahepatic PFS and ORR. The
application of chemotherapy or anti-angiogenesis might
alter the microenvironment in liver from tolerogenic to
immunologic status. Since clinicians have multiple options
to combine with ICI, which one is optimal?

Ann Transl Med 2021;9(1):34 | http://dx.doi.org/10.21037/atm-20-1471
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and PFS. LM, liver metastasis; ORR, objective response rate; PFS, progression-free survival.

In metastatic liver microenvironment, the communications
and interactions between tumor cells and resident cells,
such as sinusoidal endothelium, stellate, Kupffer, and
inflammatory cells supported tumor growth, angiogenesis,
and mediated immunosuppression. Particularly, Kupffer
cells produced cytokines and growth factors, such as VEGE,
HGF and MMP to promote tumor cell proliferation and
angiogenesis (27). The results from IMpower150 illustrated
that three-agent combo (atezolizumab, bevacizumab,
chemotherapy) seemed to have maximum effect in patients
with LM. This result indicated the anti-angiogenesis might
be important in controlling LM. Notably, the promising
results from KEYNOTE-189 also showed that even two-
agent (pembrolizumab and chemotherapy) combo also
prolonged OS in patients with LM (7,28). However, dismal
results were shown in subgroup analysis from IMpower132
and IMpowerl50. Therefore, is anti-angiogenesis agent
necessary in this setting? or did PD-1 or PD-L1 inhibitors
have different impact in patients with LM? The treatment
modality needs further investigation and validation.

© Annals of Translational Medicine. All rights reserved.

BM is a tough and challenging case in the treatment
of lung cancer together with poor prognosis. Totally, 25—
30% of NSCLC patients were present with BM at initial
diagnosis (29,30). Since whole-brain radiotherapy (WBRT)
for patients with BM can impair long-term memory and
small BM cannot be controlled by stereotactic radiosurgery
(SRS), novel systemic treatment for patients with BM are
warranted (31). Of note, most clinical trials with regard to
ICIs initially excluded or included fewer patients with BM
and mostly, asymptomatic BM (32). Although univariate
analysis and Kaplan-Meier curve showed that patients
with BM had inferior PFS and OS compared with those
without BM, multivariate analysis showed that BM was not
associated with poorer survival. This finding was consistent
with a recent study performed by Hendriks et al, after
adjustment for number of metastatic organs and the use of
corticosteroid in multivariate study, which were associated
with poor PFS and OS (33). Therefore, patients with BM
with no requirement for the use of corticosteroids and few
metastatic organs could possibly get long-term survival

Ann Transl Med 2021;9(1):34 | http://dx.doi.org/10.21037/atm-20-1471
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benefits from ICIs and should not be simply excluded from
clinical trials.

The study has several limitations. Firstly, given the
nature of the retrospective study, the results need to be
interpreted with caution. Secondly, PD-L1 testing is
not mandatory when ICI was applied in the second or
subsequent line of treatment. Therefore, PD-L1 expression
status could not be included as confounding factors in our
analyses. Additionally, the sample size for IHC is relatively
small, only 46 patients enrolled including 7 with LM.
Moreover, matched samples from LM to illustrate the liver
TME might provide a more solid conclusion to distinguish
the TME difference between patients with LM or without.

Conclusions

This study analyzed the significance of metastatic series
to the efficacy of ICIs in one of the largest cohorts.
Patients with more metastatic organs had inferior clinical
outcomes. Multivariate analysis showed that BM was not
associated with poor survival and LM was a negative signal
in predicting the efficacy of ICI with lower proportions of
inflamed TME. ICI combination therapy might effectively
control liver progression over monotherapy. Although
metastatic sites had an impact on the efficacy of ICIs, the
potential benefit population and biomarker-guided in
decision made still need more investigations in the era of
precision medicine.
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