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Abstract
Background:Response to immune checkpoint inhibitors (ICIs) is affected by multiple factors. This study aimed to explore whether
sites of metastasis are associated with clinical outcomes of ICIs in advanced non-small-cell lung cancer (NSCLC) patients.
Methods: The data of NSCLC patients with high programmed death-ligand 1 expression and good performance status receiving
first-line ICIs monotherapy from Guangdong Provincial People’s Hospital between May 2019 and July 2020 were retrospectively
analyzed. Metastatic sites included liver, bone, brain, adrenal gland, pleura, and contralateral lung. Progression-free survival (PFS)
and overall survival (OS) were compared between different metastatic sites and metastatic burden by the Kaplan-Meier method.
Organ-specific disease control rate (OSDCR) of different individual metastatic sites was evaluated.
Results: Forty NSCLC patients meeting the criteria were identified. The presence of liver metastasis was significantly associated
with shorter PFS (3.1 vs. 15.5 months, P= 0.0005) and OS (11.1 months vs. not reached, P= 0.0016). Besides, patients with bone
metastasis tend to get shorter PFS (4.2 vs. 15.5 months, P= 0.0532) rather than OS (P= 0.6086). Moreover, the application of
local treatment could numerically prolong PFS in patients with brainmetastasis (15.5 vs. 4.3months, P= 0.1894).Moremetastatic
organs involved were associated with inferior PFS (P= 0.0052) but not OS (P= 0.0791). The presence of liver metastasis or bone
metastasis was associated with more metastatic organs (Phi[f]: 0.516, P= 0.001). The highest OSDCR was observed in lung (15/
17), and the lowest in the liver (1/4).
Conclusions: Metastases in different anatomical locations may be associated with different clinical outcomes and local tumor
response to ICIs in NSCLC. ICIs monotherapy shows limited efficacy in patients with liver and bone metastasis, thus patients with
this type of metastasis might require more aggressive combination strategies.
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Introduction

Lung cancer ranks the first in the incidence of malignancy
in men and is also the key contributor to cancer-related
deaths worldwide regardless of gender. Non-small-cell
lung cancer (NSCLC) is the most common type of lung
cancer.[1] Distant metastases are characteristic of
advanced cancer, and the most frequent metastatic sites
in NSCLC include the nervous system, bone, liver,
respiratory system, and adrenal gland.[2] It has been
demonstrated that different metastatic pattern shows
different prognostic value in patients with NSCLC. For
example, a Surveillance, Epidemiology, and End Results
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based study suggested that liver metastasis andmultiorgan
metastases are associated with high mortality risk.[3]

The emergence of immunotherapy has transformed the
systemic treatment strategies for patients with advanced
NSCLC. Several phase III trials showed the significant
survival benefits of immunotherapy targeting immune
checkpoints, including programmed death-1/programmed
death-ligand 1 (PD-L1) interaction in patients with
advanced NSCLC. The efficacy of immune checkpoint
inhibitors (ICIs) is closely related to the tumor microenvi-
ronment as it induces antitumor effects by restoring
systemic antitumor immunity. Yet, heterogeneous tumor
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microenvironments (gene profile alteration and infiltrated
immune cells located at specific organs) have been seen in
advanced NSCLC patients with different metastatic sites,
which may potentially lead to a discrepant response to
ICIs, also known as organ-specific efficacy.[4-6]

Several trials have suggested liver metastasis as an
independent negative predictive and prognostic factor of
ICIsefficacy.Besides,a translational studyanalyzedthedata
of the NSCLC cohort from KEYNOTE-001, which found
that livermetastaseswere associatedwith reducedmarginal
CD8+ T-cell infiltration, providing a potential mechanism
for this outcome.[7] Furthermore, patients with brain
metastasis or bone metastasis showed dismal results
regarding the efficacy of ICIs.[8,9] However, these studies
always included patients with various PD-L1 tumor
proportion scores (TPS) statuses, disparate Eastern Coop-
erative Oncology Group (ECOG) performance status (PS),
and different lines of therapy, all of which may potentially
influence the clinical outcomes of ICIs as reported in the
literature.[10-12] The association of differentmetastatic sites
with the efficacy of ICIs needs to be further elucidated in a
relatively homogeneous population. Thus, we designed this
study by collecting information fromNSCLC patients who
received first-line ICIs monotherapy and had high PD-L1
expression aswell as goodperformance status, tomake sure
this group of patients included is relatively homogeneous
and comparable.

In the present study, we investigated systemic and local
efficacy of ICIs between different metastatic sites in
advanced NSCLC patients with high PD-L1 expression
and good performance status who received ICIs mono-
therapy as first-line treatment. The goal was to explore
whether sites of metastasis are associated with clinical
outcomes to ICIs in advanced NSCLC patients.
Methods

Ethical approval

The study was performed in accordance with the Declara-
tion of Helsinki (as revised in 2013) and was approved by
the Research Ethics Committee of Guangdong Provincial
People’s Hospital (approval number: GDREC2019304H
[R1]). The ethics committee waived the individual consent
due to the retrospective nature of the study.
Patient population

Patients who were diagnosed as advanced NSCLC with
different sites of metastasis and treated with ICIs at
Guangdong Provincial People’s Hospital between May
2019 and July 2020 from the Lung Cancer Institute
patient database were selected for this retrospective study.
The inclusion criteria were: (1) histologically/cytologically
confirmed stage IV NSCLC, (2) receiving first-line ICIs
monotherapy, (3) with high PD-L1 expression (TPS ≥
50%), (4) without sensitizing epidermal growth factor
receptor or anaplastic lymphoma kinase genomic aberra-
tion, (5) with an ECOG PS of 0 or 1. The exclusion criteria
were: (1) small-cell lung cancer or metastatic lung cancer,
(2) previous systemic antitumor therapy, (3) receiving
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first-line ICIs-based combination therapy, (4) ECOG PS ≥
2. A flowchart of the screening process of cases included in
the present study and further study sample details was
presented in Figure 1.
PD-L1 assessment by immunohistochemistry (IHC)

PD-L1 IHC was performed with Dako PD-L1 IHC 22C3
pharmDx (clone 22C3; Dako/Agilent Technologies, Car-
pinteria, CA, USA) on the Dako Autostainer Link 48
autostainer (Dako/Agilent Technologies) according to the
manufacturer’s protocol. PD-L1 controls were run concur-
rentlywith test samples, including positive and negative cell
line controls provided in the assay kit, an in-house tonsil
control as a positive tissue control, and a negative control
without a secondary antibody. PD-L1 expression on tumor
cells from patients’ tumor samples obtained by biopsy
(sample types are summarized in Supplementary Table 1,
http://links.lww.com/CM9/B113) was determined by TPS,
which was defined as the percentage of tumor cells with
complete or partial membranous staining at any intensity.
High PD-L1 expression was defined as at least 50% of
tumor cells with staining. The stained tissue sections were
independently scored by two pathologists. PD-L1 results
were obtained from pathology reports.
Data collection and outcome assessment

Clinical data of enrolled patients including age, sex,
smoking history, pathology, metastatic sites, and the
number of metastatic organs were retrieved from the
patients’ medical records. Metastatic burden was defined
as the number of metastatic organs involved and a high
metastatic burden meant more than one site of distant
metastasis. Progression-free survival (PFS) was defined as
the time from the first ICIs prescription date to the day of
physician assessment of disease progression or death from
any cause. Overall survival (OS) was defined as the time
from the first ICIs prescription date to either the date of
death or the final follow-up date. The data of patients who
survived were censored.

Tumor response was assessed in accordance with the
Response Evaluation Criteria in Solid Tumors (RECIST
version 1.1). In brief, the organ-specific tumor responses,
including complete responses (CR; complete disappear-
ance), partial responses (PR; ≥30% reduction, taking the
baseline sum of maximal diameters as reference),
progressive diseases (PD; ≥20% increase, taking the
smallest sum of maximal diameters as reference), or stable
diseases (SD; neither CR, PR, nor PD), were evaluated in
each organ system by RECIST 1.1. The best response of
the lesions in each organ during the study period was
recorded. The organ-specific disease control rate
(OSDCR) was defined as the ratio of the total number
of patients reaching CR, PR, or SD as the best organ-
specific tumor response to the total number of patients. All
patients were followed up until November 8, 2021.
Statistical analysis

Statistical analyses were performed using the Statistical
Package for Social Science (SPSS) software (version 23,
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Figure 1: Flowchart describing the selection of advanced non-small cell lung cancer patients treated with first-line single-agent immune checkpoint inhibitors.
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IBM, Armonk, NY, USA) and GraphPad Prism software
(Version 8, GraphPad Software; San Diego, CA, USA).
Categorical variables were expressed as numbers of cases
(%). Continuous variables with normal distribution were
presented as mean ± standard deviation; non-normally
distributed variables were reported as median (range).
The Kaplan-Meier method was used to analyze the
survival probability, and the log-rank test was used to
calculate the significance of differences. The Cox
proportional hazard model was applied for the univari-
able and multivariable analyses to calculate the hazard
ratios and 95% confidence intervals (95%). Only
variables with P< 0.20 in univariable analysis were
included as candidate variables in the model selection
procedure for multivariable analyses. The correlation of
liver or bone metastasis and the metastatic burden was
evaluated by the Spearman’s rank correlation test. Two-
sided P values < 0.05 were considered statistically
significant.
1406
Results

Baseline characteristics and efficacy of ICIs in the total
population
Atotal of 317patients received ICIs betweenMay2019and
July 2020 at Guangdong Provincial People’s Hospital. The
patients’ demographic information and disease character-
istics are summarized in Table 1. A total of 40 patients with
metastatic NSCLC as well as good performance status
receiving ICIs monotherapy as the first-line treatment
strategy were identified. All the enrolled patients had high
expression of PD-L1 (assessed by biopsy) as shown in
Supplementary Table 1, http://links.lww.com/CM9/B113,
and all received pembrolizumab 200 mg intravenously
every 3 weeks. The median age of the overall population of
patientswas66(range31–77)years; themajorityofpatients
(83%, 33/40) were male. Among them, 30% (12/40) were
diagnosed with lung squamous carcinoma. In our cohort,
68% of patients (27/40) had more than one site of distant

http://links.lww.com/CM9/B113
http://www.cmj.org


Table 1: Characteristics of advanced non-small-cell lung cancer
patients treated with first-line single-agent immune checkpoint
inhibitors.

Characteristics
No. of patients

(n= 40)

Age (years), median (range) 66 (31–77)
Sex, n (%)
Male 33 (83)
Female 7 (17)

Smoking history, n (%)
Current/former 24 (60)
Never 16 (40)

Pathology, n (%)
Non-squamous 28 (70)
Squamous 12 (30)

PD-L1, n (%)
>50% and <75% 18 (45)
≥75% 22 (55)

Number of metastatic sites, n (%)
1 13 (33)
2 16 (40)
≥3 11 (27)

Baseline adrenal metastasis, n (%)
Yes 10 (25)
No 30 (75)

Baseline brain metastasis, n (%)
Yes 12 (30)
No 28 (70)

Baseline bone metastasis, n (%)
Yes 14 (35)
No 26 (65)

Baseline liver metastasis, n (%)
Yes 8 (20)
No 32 (80)

Baseline contralateral lung metastasis, n (%)
Yes 10 (25)
No 30 (75)

Baseline pleural metastasis, n (%)
Yes 10 (25)
No 30 (75)

Chinese Medical Journal 2022;135(12) www.cmj.org
metastasis before starting treatment. Themost frequent site
ofmetastasis recorded in this retrospective cohortwas bone
(35%, 14/40), followed by the brain (30%, 12/40), adrenal
(25%, 10/40), pleura (25%, 10/40), contralateral lung
(25%, 10/40), and the liver (20%, 8/40) was the least
frequent site ofmetastasis. Of note, half of the patientswith
brain metastasis (6/12) received local treatment targeting
brain metastasis, including surgical resection and radio-
therapy, before the applicationof ICIs. ThemedianPFSwas
11.7months in the total population, and the 2-year OS rate
was 60%.
Clinical outcomes influenced by different metastatic sites

We first evaluated the association between included
metastatic sites and clinical outcomes in NSCLC patients
treated with first-line ICIs. As shown in Figures 2 and 3,
the presence of liver metastasis instead of other metastatic
1407
organs was significantly associated with shorter PFS (3.1
vs. 15.5 months, P= 0.0005) and OS (11.1 months vs. not
reached, P= 0.0016). Additionally, patients with liver
metastasis had marginally significant shortest PFS com-
pared with those with other metastatic patterns
(P= 0.0748) and numerically shortest OS; though, the
statistical significance was not reached (P= 0.1598). In
addition, patients with bone metastasis tend to get shorter
PFS (4.2 vs. 15.5 months, P= 0.0532) rather than OS
(P= 0.6086). Moreover, for patients with brain metasta-
sis, the application of local treatment such as radiotherapy
and surgical resection before immunotherapy could
numerically improve clinical efficacy. Compared to
patients with brain metastasis who did not receive local
treatment, the median PFS of those receiving local
treatment was 15.5 vs. 4.3 months (P= 0.1894). The 2-
year OS rate was 83% vs. 33% (P= 0.1195). With regard
to patients without brain metastasis, the median PFS was
8.6 months (P= 0.3045 compared with patients with
brain metastatis and not receiving local treatment), and
the 2-year OS was 59% (P= 0.1422 compared with
patients with brain metastatis and not receiving local
treatment). No significant difference in PFS and OS was
found in those with contralateral lung metastasis, pleural
metastasis, or adrenal metastasis.

Association between metastatic burden, metastatic sites,
and efficacy of ICIs

We further investigated the influence of metastatic burden
on the efficacy of ICIs. As shown in Figures 2F and 3F, we
divided patients into three subgroups according to the
number of metastatic organs: 1, 2, and ≥3 organs
involved. More metastatic organs involved were associ-
ated with inferior PFS (4.4 vs. 14.4 vs. 25.2 months,
P= 0.0052) and lower 2-year OS rate (42% vs. 53% vs.
82%, P= 0.0791).

Next, we examined whether there was a correlation
between the presence of specific organ metastases and the
number of metastatic organs. As shown in Figure 4,
patients with liver metastasis or bone metastasis tend to
suffer from multiple metastases (Phi(f): 0.516,
P= 0.001), while no significant relationship was found
between brain, adrenal, contralateral lung, and pleural
metastasis with the metastatic burden.
Potential factors including metastatic sites associated with
the efficacy of ICIs in metastatic NSCLC patients

Univariable and multivariable analyses were performed to
explore how metastatic site, along with other character-
istics (sex, age, smoking history, and pathological type)
affected patients’ survival (PFS and OS). In order to
improve the efficiency of analysis and the stability and
reliability of the results, only possible metastatic sites
(including liver, bone, and brain metastases) that may
affect survival analyzed by the Kaplan-Meier method were
included as variables in the Cox proportional hazard
model. As shown in Tables 2 and 3, the presence of
liver metastases was significantly associated with shorter
PFS (univariable: HR 4.485, 95% CI: 1.807–11.131,
P= 0.001; multivariable: HR 7.411, 95% CI: 2.668–

http://www.cmj.org


Figure 2: PFS in NSCLC patients with (A) liver metastasis; (B) contralateral lung metastasis; (C) adrenal metastasis; (D) bone metastasis; (E) pleural metastasis; (F) different metastatic
burden; (G) brain metastasis; (H) different metastatic sites treated with first-line ICIs monotherapy. ICIs: Immune checkpoint inhibitors; NSCLC: Non-small-cell lung cancer; PFS:
Progression-free survival; mPFS: Median PFS.
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20.585, P= 0.001) and OS (univariable: HR 4.473, 95%
CI: 1.612–12.409, P= 0.004; multivariable: HR 4.473,
95% CI: 1.612–12.409, P= 0.004). In addition, patients
with bone metastasis had less PFS benefit (univariable: HR
2.129, 95% CI: 0.969–4.678, P= 0.060; multivariable:
HR 3.475, 95% CI: 1.438–8.395, P= 0.006) rather than
OS benefit in our analysis. In terms of brain metastasis,
patients with brain metastasis who received local
treatment were excluded in order to eliminate the effect
of local treatment on ICIs; however, although those with
brain metastasis showed a higher hazard ratio for disease
progression or death, the P-value did not show a
significant difference (PFS: HR 1.765, 95% CI: 0.639–
4.874, P= 0.273; OS: HR 2.310, 95% CI: 0.722–7.390,
P= 0.158). In addition, no significant difference was
observed concerning other clinical parameters, including
age, sex, smoking history, or pathological type in our
cohort.

Organ-specific disease response patterns

Given the different values of metastatic organs on
systemic efficacy of ICIs, we investigated the association
of local disease response patterns and the site metastases
located. Eighteen patients with detailed data about
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change in tumor size were included in the analysis of
organ-specific disease response patterns. Each patient
had at least one metastasis and each metastatic organ
had at least one measurable target lesion. According to
RECIST1.1, the objective response rate of the enrolled
population was 44% (8/18), and the disease control rate
was 83% (15/18). The maximum change in tumor size
from baseline ranged from �50.98% to 188.00% when
all lesions were included as targets. On an individual
organ level, the maximum change in tumor size from
baseline varied according to the site of disease; as shown
in Figure 5, the best tumor response was observed in
lung (median of tumor changes from baseline �29.69%;
range �59.46% to 38.10%), adrenal (median of tumor
changes from baseline �11.22%; range �40.00% to
23.08%), and brain (median of tumor changes from
baseline �5.00%; range �37.50% to 50.00%). Liver
metastases had the lowest tumor response (median of
tumor changes from baseline 98.53%; range �40.54%
to 118.18%). Similarly, the likelihood of a disease
control also differed according to the site of metastasis;
the highest OSDCR was observed in lung (15/17),
adrenal (3/4), and brain (2/3) sites, and the lowest was
observed in the liver (1/4).

http://www.cmj.org


Figure 3: OS in NSCLC patients with (A) liver metastasis; (B) contralateral lung metastasis; (C) adrenal metastasis; (D) bone metastasis; (E) pleural metastasis; (F) different metastatic
burden; (G) brain metastasis; (H) different metastatic sites treated with first-line ICIs monotherapy. ICIs: Immune checkpoint inhibitors; NSCLC: Non-small-cell lung cancer; OS: Overall
survival; mOS: Median OS.
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Discussion
Previous studies on the relationship between metastatic
organs and the efficacy of immunotherapy always
included patients with various PD-L1 TPS statuses,
disparate ECOG performance status, and different lines
of therapy, all of which may potentially influence the
clinical outcomes of ICIs as reported in the literature.[10-12]

In this study, we collected and analyzed the data from a
relatively homogeneous group of advanced NSCLC
patients who received single-agent ICIs as first-line
treatment with high PD-L1 expression and good perfor-
mance status, to determine the association between
different metastatic sites and efficacy to ICIs. We found
that metastases in different anatomical locations, espe-
cially the liver, bone, and brain metastasis, may be
associated with different clinical outcomes and local
tumor response to ICIs, which is consistent with some
previous studies.[13-17] The efficacy of ICIs is closely
related to the tumor microenvironment. ICIs induce
antitumor effects by reactivating exhausted T cells and
thus restoring systemic antitumor immunity, in which the
tumor microenvironment plays a vital role. Advanced
NSCLC patients with different metastatic sites represented
high heterogeneity of tumor microenvironment according
to the gene profile alteration and infiltrated immune cells
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located at specific organs.[4-6] A case of a patient with
high-grade serous ovarian cancer suggested that different
tumor immune microenvironments may be seen in
different metastatic sites, which may partly explain the
different response to immunotherapy.[6] As the efficacy of
ICIs is closely related to the tumor microenvironment,
heterogeneous tumor microenvironments of various
organs may potentially lead to a discrepant response to
ICIs.

A recent study found that liver metastasis restrains
immunotherapy efficacy via macrophage-mediated T cell
elimination, affecting both systemic and local efficacy of
ICIs.[18] In our cohort, patients with liver metastasis had
the shortest median PFS (3.1 months) and numerically
shortest medianOS (11.1months) compared to those with
other organ metastases, and the presence of liver
metastasis was significantly associated with shorter PFS
and OS, which is in line with some other previous
studies.[2,19] In the NSCLC cohort from KEYNOTE-001,
a phase I clinical trial, liver metastases were associated
with inferior response and PFS to ICIs monotherapy in
patients with advanced NSCLC. Its translational research
indicated that liver metastases are associated with reduced
marginal CD8+ T-cell infiltration, which might provide a
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Figure 4: Relevance of metastatic burden, metastatic sites with PFS. PFS: progression-free survival.

Table 2: Univariable and multivariable analyses of the influence of clinical parameters on PFS in NSCLC patients with different sites of
metastases receiving first-line ICIs monotherapy.

Univariable analysis Multivariable analysis†

Factors HR 95% CI P HR 95% CI P

Age (≥65 years/<65 years) 0.477 0.220–1.036 0.062
Sex (male/female) 0.544 0.216–1.369 0.196
Smoking (ever/never) 0.815 0.368–1.807 0.614
Pathology (squamous/non-squamous) 0.732 0.320–1.676 0.460
Liver metastasis (yes/no) 4.485 1.807–11.131 0.001 7.411 2.668–20.585 0.001
Bone metastasis (yes/no) 2.129 0.969–4.678 0.060 3.475 1.438–8.395 0.006
Brain metastasis (yes/no)

∗
1.765 0.639–4.874 0.273

∗
Patients with brain metastasis who previously received local treatment were excluded. †Variables with P< 0.20 in univariable analysis were taken

forward for consideration in the multivariable analysis, and multivariable analysis was conducted using the forward stepwise regression method. CI:
Confidence interval; HR: Hazard ratio; ICIs: Immune checkpoint inhibitors; NSCLC: Non-small-cell lung cancer; PFS: Progression-free survival.
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potential mechanism for this outcome.[7] Metastases
located at the liver also exhibit an inadequate local
response to ICIs. Individual lesions from 37 patients with
melanoma from KEYNOTE-001 were analyzed; lung
1410
lesions were found to have the highest rate of CR (42.3%),
followed by peritoneal (37.3%) and liver (24.4%)
metastatic lesions.[20] A similar phenomenon was
observed in our cohort, further implying that liver

http://www.cmj.org


Table 3: Univariable and multivariable analyses of the influence of clinical parameters on OS in NSCLC patients with different sites of
metastases receiving first-line ICIs monotherapy.

Univariable analysis Multivariable analysis†

Factor HR 95% CI P HR 95% CI P

Age (≥60 years/<60 years) 1.055 0.360–3.090 0.922
Sex (male/female) 0.579 0.184–1.820 0.350
Smoking (ever/never) 0.506 0.183–1.397 0.188
Pathology (squamous/non-squamous) 0.945 0.323–2.768 0.918
Liver metastasis (yes/no) 4.473 1.612–12.409 0.004 4.473 1.612–12.409 0.004
Bone metastasis (yes/no) 1.303 0.463–3.664 0.616
Brain metastasis (yes/no)

∗
2.310 0.722–7.390 0.158

∗
Patients with brain metastasis who previously received local treatment were excluded. †Variables with P< 0.20 in univariable analysis were taken

forward for consideration in the multivariable analysis, and multivariable analysis was conducted using the forward stepwise regression method. CI:
Confidence interval; HR: Hazard ratio; ICIs: Immune checkpoint inhibitors; NSCLC: Non-small-cell lung cancer; OS: Overall survival.

Figure 5: Best tumor response of each site shows organ-specific disease response
patterns (18 patients with 30 tumors).
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metastases might be less responsive to ICI than pulmonary
lesions in NSCLC. Thus, ICIs-based combination therapy
might be an effective strategy to enhance the benefit of
immunotherapy in NSCLC patients with liver metastasis.
It might help alter the microenvironment in the liver from
the tolerogenic to the immunologic status, causing
systemic inflammation influence.[21,22] Data from the
subgroup analysis of IMPOWER150 also showed a
numerical improvement in terms of OS in the ABCP
group (atezolizumab + bevacizumab + carboplatin +
paclitaxel; 13.2 months), emphasizing the importance of
the combination of anti-angiogenesis and chemotherapy
in such a population receiving ICIs as first-line treat-
ment.[23]

Bone is defined as a hematopoietic and immune regulatory
organ. Bone marrow has active functions in regulating the
immune system and trafficking of immune cells,[24]

influencing the response to immunotherapy. A large
population-based trial that included 1959 pretreated
NSCLC patients evaluated the efficacy of nivolumab
according to bone metastases, and found that patients
with bone metastases had significantly lower overall
response rates, and shorter PFS and OS.[8] Our data are
partly consistent with these findings; in this study, patients
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with bone metastasis tend to have shorter PFS rather than
OS compared to those without bone metastasis in first-line
immunotherapy. Yet, a longer follow-up time is needed to
further prove these findings.

In terms of brain metastasis, subgroup data from
KEYNOTE-024 and OAK trials have reported the limited
efficacy of ICIs monotherapy in patients with central
nervous system metastasis compared with chemother-
apy[9,25]; on the contrary, promising results of ICIs plus
chemotherapy were seen in KEYNOTE-189 trial.[26] In
addition, a recent review suggested that combining
immunotherapy with radiotherapy is safe and effective
in providing a significant improvement in relevant clinical
and radiological outcomes in melanoma and NSCLC
patients with brain metastasis.[27] Similarly, we found that
applying local treatment such as radiotherapy and surgical
resection before immunotherapy could numerically pro-
long PFS and increase the 2-year OS rate in patients with
brain metastasis, emphasizing the importance of systemic
therapy in combination with local therapy in brain
metastasis.

Multiple metastatic sites are usually viewed as poor
prognostic factor. Also, patients harboring multiorgan
metastases are often accompanied by worse performance
status and cancer-associated cachexia.[3] Immunotherapy
is an alternative systemic treatment strategy, providing a
more favorable safety even in patients with serious cancer-
associated cachexia.[28] Our study suggested that more
metastatic organs involved were correlated with worse
PFS andOS. Besides, patients with liver metastasis or bone
metastasis tend to suffer from multiple metastatic sites,
which aggravate the patient’s condition.

The study has several limitations. First, since it was
difficult to identify such a relatively homogenous group of
patients, the sample size of patients with high expression
of PD-L1 and good performance status who received ICIs
monotherapy as first-line treatment was small, and no
conclusive conclusion can be drawn. Thus, larger sample
size studies are needed to further confirm these findings.
Second, given the nature of a single-center retrospective
study, the results need to be interpretedwith caution. Also,
validation studies need to be performed in prospective and
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large cohorts. Finally, our study did not explore the
mechanisms of differential responses to ICIs in various
metastatic organs. Collecting matched tumor samples
from multiple organs of the same individual, especially
simultaneously, may be challenging. Potential cellular and
molecular mechanisms underlying this differential
response to ICIs between different metastatic sites warrant
further discovery.

In conclusion, we found that metastases in different
anatomical locations may be associated with different
clinical outcomes and local tumor response of ICIs in
NSCLC. The dismal results regarding the efficacy to ICIs
monotherapy in patients with liver, bone, or brain
metastasis were reported in our cohort, thus more
aggressive ICIs-based combination strategies might be
recommended for this population. Besides, there showed
different local disease response patterns between various
sites where metastases are located, among which liver
metastasis might be less responsive to ICIs. However, the
mechanisms underlying these different responses to ICIs
between metastatic sites warrant further investigation.
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