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Metastatic sites as predictors in advanced NSCLC treated with PD-1 inhibitors: 
a systematic review and meta-analysis
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ABSTRACT
Background: Programmed cell death protein 1 (PD-1) inhibitors are the first-line treatment for advanced 
non-small-cell lung cancer (NSCLC) patients. However, their efficacy in metastatic NSCLC patients remains 
controversial.
Aim of the study: The aim of our study was to evaluate the prognosis of advanced metastatic NSCLC 
patients treated with PD-1 inhibitors, and discuss the predictive effect of metastatic site on the long-term 
outcome.
Methods: The Embase, Ovid Medline, Cochrane Central Register of Controlled Trials, and PubMed 
databases were systematically screened up to February 10, 2020. Twenty-five eligible studies, involving 
8,067 patients that assessed the impact of metastatic sites on survival outcome were incorporated in our 
study. Overall survival (OS) and progression-free survival (PFS) were described as hazard ratio (HR) with 
95% confidence interval (CI).
Results: Among the advanced NSCLC patients, the median proportion of brain, liver, bone, and adrenal 
gland metastases were 21%, 17%, 35%, and 21%, respectively. Patients with metastases to the brain, liver, 
and bone had worse OS compared to patients without these metastases when treated with PD-1 
inhibitors. Similarly, patients with metastasis to the brain and liver were more likely to progress when 
treated with PD-1 inhibitors. Besides, patients with multiple metastatic sites had worse PFS compared to 
patients with one metastatic site, while no significant difference was found in terms of OS.
Conclusions: Based on the findings of our systematic review and meta-analysis, metastatic sites were 
independent predictors of the survival outcome for advanced NSCLC patients treated with PD-1 
inhibitors.
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Introduction

Lung cancer is the most common malignancy worldwide and 
has the highest mortality rate among all types of malignant 
tumors.1,2 Non-small-cell lung cancer (NSCLC) accounts for 
approximately 80% of all lung cancers.3 Due to the lack of early 
symptoms, 70–80% of patients are diagnosed in advanced 
stages and lose the opportunity for surgery. Chemo-, radio-, 
and molecular targeted-therapies remain the main treatment 
options for such patients, but the 5-y survival rate is <50%.4 

The main limitation of chemo- and radiotherapy is that they 
often cause serious adverse reactions and affect the quality of 
life of the patient.5 In the past decade, molecular targeted- 
therapy has become a hot spot with a low incidence of adverse 
reactions, although the problem of drug resistance has gradu-
ally become apparent.6 Due to the limitations of the above 
treatment modalities, immunotherapy has gained considerable 
attention for the treatment of NSCLC.

Programmed cell death protein 1 (PD-1) is an important 
immunosuppressive molecule, which is expressed on T cells, 
and regulates its activity in the peripheral tissues.7 PD-1 has 
two ligands, PD-L1 and PD-L2, which are widely expressed on 
a variety of immune effector, antigen-presenting, and tumor 

cells.8 According to previous studies, the PD-1/PD-L1 signal-
ing pathway is overexpressed in the tumor microenvironment, 
and tilts the immune balance in favor of immunosuppression, 
abnormally strengthens the negative immune effect, and inhi-
bits T cell activation.8,9 Thus, the tumor cells escape from 
immune cell-mediated cell death, and proliferate and metasta-
size without being controlled by the body’s defense 
mechanism.10 In recent years, PD-1/PD-L1 inhibitors have 
made breakthrough progress in the treatment of NSCLC. 
Randomized controlled clinical trials such as the 
CheckMate017, CheckMate057, KEYNOTE010, and OAK have 
made nivolumab, pembrolizumab, and atezolizumab 
the second-line treatment options for advanced NSCLC.11–14 

Pembrolizumab has also changed the first-line treatment 
model for advanced lung cancer and has become one of the first- 
line treatment drugs for NSCLC recommended by the National 
Comprehensive Cancer Network clinical practice guidelines.15

Currently, PD-1/PD-L1 inhibitors are approved for first- 
line or second-line treatment of advanced NSCLC, and rele-
vant clinical trials have been carried out widely. However, data 
pertaining to their safety and effectiveness in the treatment of 
NSCLC are still contentious. Whether PD-1 treatment is 
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advantageous, especially in patients with metastasized NSCLC, 
remains controversial. Therefore, in this systematic review and 
meta-analysis, we aimed to explore the relationship between 
metastatic sites prior to PD-1 treatment and the long-term 
survival of those NSCLC patients.

Methods

This study was designed and reported in accordance with the 
preferred reporting items for systematic review and meta- 
analysis (PRISMA) guidelines.16

Study search strategy and identification

The Embase, Ovid Medline, Cochrane Central Register of 
Controlled Trials, and PubMed databases were systemati-
cally searched up to February 10, 2020. A comprehensive 
search was performed using the following search terms: 
PD-1, pembrolizumab, nivolumab, atezolizumab, durvalu-
mab, JS001, IBI308, immune checkpoint inhibitor, immune 
checkpoint blockade, immune checkpoint therapy, and 
NSCLC. Both keywords and medical sub-headings terms 
were used in the search. All studies containing titles and 
abstracts were imported into Endnote for deleting duplica-
tions and screening the literature.

Inclusion and exclusion criteria

Studies satisfying the following inclusion criteria were selected 
for the analysis:1 Clinical trials investigating advanced NSCLC 
treated with PD-1 inhibitors;2 Studies discussing the impact of 
different metastatic sites on survival outcome;3 Patients diag-
nosed with metastases prior to treatment with PD-1 
inhibitors;5 Overall survival (OS) and progression-free survival 
(PFS) were described as hazard ratio (HR) with 95% confidence 
interval (CI) or the HR could be extracted by survival plots;4 If 
the same population was used by different studies, only study 
with the longest follow-up time or with the largest sample size 
was included.

The exclusion criteria were as follows:1 Study type was 
a review, comments, and case report;2 NSCLC patients were 
not treated with PD-1 inhibitors;3 Studies included other types 
of cancer;4 Metastases data or survival outcome data could not 
be extracted;6 Publication in a language other than English.

Data extraction

Two reviewers independently evaluated the titles and abstracts 
according to the inclusion and exclusion criteria. Disagreement 
between the two reviewers was resolved by a third reviewer.

The following information was extracted independently 
from each included studies: Author, publication year, publica-
tion center and country, recruitment period, study type, anti- 
PD-1 treatment, patient characteristics (patient sample, age, 
gender, smoking status, histology of cancer, tumor stage), 
metastatic site and patient number, HRs and 95% CIs asso-
ciated with OS and PFS from univariate or multivariate COX 
regression analyses.

Quality assessment

The quality of the prognostic studies was evaluated as reported 
previously.17 Two researchers (ZL Zhang and WJ Li) indepen-
dently assessed the quality of the included studies following the 
criteria:1 Representativeness of the population;2 Exposed 
cohort;3 Ascertainment of exposure;4 Outcome assessment;5 

Appropriate measurement and account;6 Measurement of 
outcomes;7 Completeness of follow-up. Studies with a score 
of >7 were regarded as high-quality studies.

Statistical analysis

Statistical analysis was performed using the Stata 15.1 software 
(Stata Corporation, College Station, Texas, USA). We used the 
method of random-effects and fixed-effects model to pool out-
comes, which is calculated by HR and 95% CI to estimate the 
predictor value of different metastatic sites on long-term out-
come. The I2 statistic and χ2 test were used for heterogeneity 
assessment between studies. Heterogeneity was considered to 
exist between studies if I2 ≥ 50% and the random-effect model 
would be used. A statistical test with P < .05 was considered 
significant.

Result

Selection of eligible studies

A total of 3,252 articles were identified from the online data-
base search. Figure 1 shows the flowchart of the study selection 
process. After screening the titles and abstracts, 324 studies 
were selected for full-text review. Following further assessment 
of the full-texts, 299 studies were excluded based on the inclu-
sion and exclusion criteria. Finally, 25 studies that met all the 
criteria were included in the systematic review and meta- 
analysis.3,7,18–40

Characteristics of the studies included and quality 
assessment

The baseline characteristics of the 25 studies included in the 
analysis are listed in Tables 1 and 2. A total of 8,067 patients 
were included in our systematic review. The search was limited 
to publications between 2017 and 2020, with the recruitment 
period ranged from 2013 to 2019. The recruited patients were 
from Europe, Asia, South and North America, and eight studies 
were from multicenter data. A total of 67% of the patients (range: 
23–80%) were males with a median age of 64 y. In terms of the 
tumor histology, 27% of patients were diagnosed with squamous 
NSCLC, and 66% were diagnosed with adenocarcinoma. Among 
the patients, 19% did not have a history of smoking.

Table 2 summarizes the common metastatic sites in 
advanced NSCLC patients treated with PD-1 inhibitors. The 
median proportion of brain, liver, bone, and adrenal gland 
metastases were 21%, 17%, 35%, and 21%, respectively. Five 
studies reported the proportion of lymph node metastases 
(median proportion: 57%), three studies reported pleural inva-
sion (median proportion: 30%), and six studies reported intra-
pulmonary metastases (median proportion: 49%).
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The assessment of quality between studies was based on the 
Newcastle Ottawa Scale, which is shown in Table 1. Nine 
studies were regarded as median quality with scores of 5–6, 
and remaining sixteen studies were regarded as high-quality 
with a score of >7.

Survival outcome based on different metastatic site in 
advanced NSCLC

The impact of various metastatic sites in advanced NSCLC, 
prior to PD-1 inhibitor treatment, on the OS and PFS is 
shown in Figure 2 (OS) and Figure 3 (PFS). In terms of OS, 
the number of studies that discussed the predictive impact of 
brain, liver, bone, and adrenal gland metastases on OS follow-
ing immune checkpoint inhibitor treatment was 15, 9, 5, and 
1, respectively. The results of meta-analysis showed that 
patients with metastasis to the brain (HR = 1.25, 95% 
CI = 1.09–1.44, I2 = 43.8%, P < .001), liver (HR = 1.73, 95% 
CI = 1.35–2.20, I2 = 69.4%, P < .001), and bone (HR = 1.67, 
95% CI = 1.30–2.16, I2 = 64.7%, P < .001) had worse OS than 
patients without these metastases when treated with PD-1 
inhibitors. Similarly, patients with metastasis to the brain 
(HR = 1.33, 95% CI = 1.14–1.55, I2 = 48.0%, P < .001) and 
liver (HR = 1.40, 95% CI = 1.07–1.83, I2 = 74.7%, P = .015) 
were more likely to progress than patients without these 
metastases, when treated with PD-1 inhibitors. There was 
no significant difference in the PFS when patients were diag-
nosed with bone, adrenal, or lymph node metastases prior to 
treatment with PD-1 inhibitors (all P > .05).

Moreover, we summarized the impact of the number of 
metastatic sites on the OS and PFS (Figure 4). Forest plots 
showed that patients with multiple metastatic sites had worse 
PFS than patients with one metastatic site (HR = 1.58, 95% 
CI = 1.32–1.90, I2 = 0%, P < .001), while no significant differ-
ence was found in terms of OS (HR = 1.43, 95% CI = 0.87–2.34, 
I2 = 0%, P = .154). Besides, three studies compared the overall 
response rate (ORR) in terms of brain metastases, and patients 
with brain metastases had a lower ORR compared to those 
without metastases (OR = 1.58, 95% CI = 1.27–1.97, P < .001).

Discussion

To the best of our knowledge, this is the first and largest scale 
meta-analysis (number of included studies) to analyze the 
impact of metastatic sites on the prognosis of NSCLC patients. 
Although several previous studies concluded that tumor 
metastasis is not a predictor for advanced NSCLC patients 
when treated with PD-1 inhibitors, 3,18,22 in this review we 
demonstrate that metastatic site is an important factor related 
to long-term survival, especially in patients with brain and liver 
metastasis.

The results of our meta-analysis showed that patients with 
brain, liver, and bone metastases had worse OS. Similarly, 
patients with brain and liver metastases were more likely to 
progress than patients without metastases when treated with 
PD-1 inhibitors. In addition, we found that patients with brain 
metastases had a lower response rate than patients without 
metastases. The findings from our analysis suggest that the 

Figure 1. A flowchart of literature screening method.
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efficacy of treatments may differ depending on the metastatic 
site.

How metastatic sites contribute to the patient’s response to 
PD-1 inhibitors remains unclear. Metastatic spread of cancers 
to distant organs is the main cause of cancer-related mortality. 
NSCLC is prone to intrathoracic dissemination, such as intra-
pulmonary metastases, pleura, and pericardial invasion. The 
common distant organs of metastases include bone, brain, 
liver, and adrenal glands. Some studies have indicated that 
tumors may exhibit four different biological behavior metas-
tases: tumors that mainly metastasize to local lymph nodes; 
tumors that are mainly involved in direct invasion; tumors that 
metastasize into the lung, and those that metastasize through 
systemic seeding.41 Oikawa et al. reported that distant organ 
metastases in lung cancer are nonrandom, and there may be 
specific patterns of distant metastases in lung cancer patients.42 

Another study showed that when compared to patients with 
wild-type EGFR, ALK, or KRAS, higher incidence of pericar-
dial, pleural dissemination, and liver metastasis was observed 
in ALK-positive patients and patients with EGFR mutations 
had higher incidence of liver metastasis.43 However, there are 
limited studies on the correlation between metastatic organs, 
clinicopathological characteristics, and oncogenes, and the cor-
relations remain inconclusive. Thus, considerable heterogene-
ity exists among studies that evaluated the relationship between 
metastatic sites and the long-term outcome following PD-1 
inhibitor treatment.

Brain is one of the common metastatic sites in NSCLC. 
Previous studies have shown that brain metastases from 

NSCLC account for approximately half of all solid tumors 
metastasized to the brain.44 According to statistics, approxi-
mately 16–22% of lung cancer patients develop brain 
metastases.45 At the same time, brain metastases are also 
a leading cause of death in patients with NSCLC.46 Previous 
studies have reported that patients with lung metastases from 
lung cancer have a very high mortality rate and their 
1-y survival rate is low at approximately 10%.45,46 Due to the 
abundant pulmonary blood vessels and lymphatic networks 
that exist at the NSCLC development site, the cancer cells can 
enter the skull through the collateral circulation and carotid 
artery. Besides, lung cancer has the characteristics of 
a neutrophilic tissue structure and a strong affinity for the 
brain. Theoretically, the blood-brain barrier is damaged or 
affected to a certain extent in patients with brain metastases. 
Most chemotherapeutic drugs, however, are still unable to 
enter the brain due to their large molecular structure, and so 
they remain less effective in treating brain metastases.47 The 
combination treatment of PD-1 inhibitors with radiotherapy 
has been a novel attempt at treating brain metastases in NSCLC 
patients. Schapira et al. conducted a clinical trial in NSCLC 
patients with brain metastases by treating them with concur-
rent stereotactic radiosurgery (SRS) and PD-1 inhibitors and 
showed that the concurrent treatment effectively controlled 
locoregional disease progression and therefore prolonged long- 
term OS.45 Similarly, Shepard et al. demonstrated that concur-
rent treatment with SRS and PD-1 inhibitors was tolerated and 
provided more rapid brain metastasis regression.48 Although 
several attempts have been undertaken in treating patients with 

Figure 2. Forest plot of the impact of different metastatic sites on overall survival following PD-1 therapy.
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brain metastases, brain metastases remain a predictor for both 
progression and OS in our meta-analysis.

Bone is another common metastatic site in NSCLC patients, 
and the incidence of bone metastasis in NSCLC patients is 
approximately 30–40%.49 Bone metastases most often involve 
the central axis bones, including the spine, pelvis, proximal 

limb bones, and skull, and mainly manifests as osteolytic 
destruction, which can lead to pain and pathological 
fractures.49 Following bone metastasis, the median survival 
time of NSCLC patient is 6–10 months and the 1-y survival 
rate after treatment is 40–50%.49 The bone metastasis cascade 
is a multi-step process, which mainly includes the following 

Figure 3. Forest plot of the impact of different metastatic sites on progression-free survival following PD-1 therapy.

Figure 4. Forest plot of the impact of the number of metastatic sites on survival outcome following PD-1 therapy.
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steps: escape of tumor cells with metastatic ability from the 
primary tissues and entry into the circulatory system, chemo-
tactic ‘homing’ and ‘settling’ to the bone marrow, with active 
invasion.50 Besides, the interaction between the metastatic 
tumor cells and the bone microenvironment plays a vital role 
in the occurrence and development of bone metastasis.51 It is 
now clear that bone marrow can supplant the secondary lym-
phoid tissue as either a primary immune response or memory 
response. Further, the bone marrow itself serves as an immune 
regulatory organ, which affects systemic immunity and ther-
apeutic efficacy of PD-1 inhibitors.3 Although we did not find 
a clear association between bone metastases and either OS or 
PFS, the risk of bone metastases still needs to be considered 
when PD-1 inhibitors are used for treatment.

Liver metastasis occurs when NSCLC cells that are shed from 
the primary site enter the liver through blood circulation and 
continue to grow following liver colonization. Therefore, liver 
metastases can be single or multiple nodule metastases. Liver 
metastasis rate of NSCLC at autopsy is 40–61%. Approximately 
38–44% of NSCLC patients develop liver metastases throughout 
the development and progression of the disease.52 Compared to 
other metastases, patients with liver metastases respond poorly to 
chemotherapy, have shorter survival, and poor prognosis. 
Therefore, liver metastasis is an important factor affecting the 
prognosis of NSCLC. Currently, several studies have reported 
that patients with liver metastases may benefit from combined 
treatment of PD-1 inhibitors with chemotherapy.53,54 However, in 
our meta-analysis, liver metastases remained a risk factor asso-
ciated with worse survival outcome.

Currently, PD-1/PD-L1 inhibitors are used to treat several 
types of malignancies. In melanoma, the main research focus is 
currently on PD-1 inhibitors as single agent or combined with 
Ipilimumab for pre- and post-(neo) adjuvant treatment of high- 
risk melanoma of stage IIB to III. Although many Phase III 
clinical trials are still in progress, the current results of PD-1 
inhibitors used in adjuvant treatment of middle-advanced 
resectable melanoma significantly prolonged PFS and reduced 
the incidence of grade 3 to 4 adverse reactions.55 More recently, 
Warner et al. conducted a cohort study and summarized that 
majority of melanoma patients with confirmed complete 
response chose to discontinue the PD-1 treatment and the com-
plete response was mostly durable.56 In bladder cancer, several 
PD-1 inhibitors were approved by FDA as a second-line treat-
ment in 2017.57 A Phase I trial (NCT01375842) involving 95 
patients with metastatic bladder cancer showed that the partial 
response rate of the patients was 26%, the median PFS was 
2.7 months, and the median survival time was 10.1 months. 
Among them, 40% had PD-LI expression of ≥5%, and their 
median survival time was 14.6 months, 58 which indicated that 
detection of PD-L1 expression level is of considerable signifi-
cance for tumor immunotherapy. More recently, Phase 1b trials 
published the efficacy of combination of lenvatinib plus pem-
brolizumab in patients with unresectable hepatocellular carci-
noma, which indicated that the combination treatment could 
prolong the lifespan of advanced liver cancer patients with 
median PFS of 9.3 months.59 Besides, a single-arm, Phase 1b-2 
trial (CP-MGAH22-05) was conducted to treat HER2-positive 
gastroesophageal adenocarcinoma patients and the combination 
of anti-HER2 agent and anti-PD-1 checkpoint blockade was 

found to be safe and well tolerated, and ORR was observed in 
18% of the patients with malignancy.60 Nevertheless, treatment 
with PD-1/PD-L1 inhibitors remains promising although atten-
tion must be paid to the associated toxicity.

Some limitations of our study need to be acknowledged. First, 
although we used the random-effect model to decrease the effect of 
weight in different studies, we could not entirely eliminate the 
heterogeneity between studies. The heterogeneity existed in two 
parts: (a) PD-1 expression may be different between primary 
tumors and metastatic sites. Generally, the inclusion criteria in 
different studies may consider tumors expressing higher PD-1 
expression were, the better the response may the patients have. 
However, majority of advanced stage patients were biopsied in the 
primary tumors. Thus, primary tumors with high expression of 
PD-1 may be cured by PD-1 inhibitors, however, whether the 
metastatic sites have the same expression of PD-1 as the primary 
tumor remains controversial. (b) Metastatic sites may have 
a different genetic profile compared to the primary site. Different 
PD-1 inhibitors may be effective in different kinds of mutations or 
mismatches. Thus, the primary tumors may benefit from one PD- 
1 inhibitor, while the metastatic sites may benefit from another. 
Second, most of the studies were retrospective studies and very few 
studies were prospectively designed for advanced metastatic 
NSCLC patients treated with PD-1 inhibitor. Besides, chemother-
apy and radiotherapy were used in the treatment in some studies, 
which may increase the bias between different studies. Further 
multicenter and prospective studies need to be undertaken in 
NSCLC patients with metastases.

Conclusion

Our systematic meta-analysis suggests that metastatic sites are 
independent predictors of survival outcome in advanced 
NSCLC patients treated with PD-1 inhibitors. Combination 
of treatments is needed to target the different metastatic sites.
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