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Abstract: The central nervous system (CNS) is regarded as an immune privileged environment;

however, changes in the neuroimmunology paradigm have led to an increased interest in systematic

immunotherapy in lung cancer therapy. The presence of the lymphatic system in the CNS as well as

the physiological and biochemical changes in the blood–brain barrier in the tumor microenviron-

ment suggests that immunocytes are fully capable of entering and exiting the CNS. Emerging

clinical data suggest that inhibitors of programmed death receptor-1/programmed death ligand 1

(PD-1/PD-L1) can stimulate surrounding T cells and thus have antitumor effects in the CNS. For

example, PD-1 antibody (pembrolizumab) monotherapy has displayed a 20–30% encephalic

response rate in patients with brain metastases from malignant melanoma or non-small cell lung

cancer. Combined application of nivolumab and ipilimumab anti-PD-1 and anti-cytotoxic

T-lymphocyte-associated protein 4 showed an encephalic response rate of 55% in patients with

brain metastases of melanoma. Further evidence is required to verify these response rates and

identify the mechanisms of curative effects and drug tolerance. While regional treatments such as

whole-brain radiosurgery, stereotactic radiosurgery, and brain surgery remain the mainstream, PD-

1/PD-L1 inhibitors display potential decreased neurotoxic effects. To date, five drugs have been

approved for use in patients with encephalic metastases of lung carcinoma: the anti-PD-1 drugs,

pembrolizumab and nivolumab, and the anti-PD-L1 agents, atezolizumab, durvalumab, and avelu-

mab. In recent years, clinical trials of inhibitors in combination with other drugs to treat brain

metastasis have also emerged. This review summarizes the biological principles of PD-1/PD-L1

immunotherapy for brain metastasis of lung cancer, as well as ongoing clinical trials to explore

unmet needs.
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Introduction
The mortality of lung cancer was 46.92/100,000 and the age-standardized mortality

rate was 28.59/100,000 in the last ten years. During the same period, the total number

of lung cancer deaths in China was 106,300, with 399,300 malignant cancer deaths,

accounting for 26.62% of all deaths due to malignant cancer.1 Lung carcinoma remains

the leading cause of cancer morbidity and death in China. The national cancer center of

China in February 2017 stated that the incidence of lung cancer was 57.70/100,000 and

the age-standardized incidence rate was 36.23/100,000.2

Reasons for the high mortality of lung cancer include partial recrudescence and

distal metastasis, and the brain is a common site of lung carcinoma recurrence. The rate
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of brain metastasis in end-stage non-small cell lung cancer

(NSCLC) is up to 44%, especially in adenocarcinoma.3

Occurrence of brain metastasis is associated with extremely

poor prognosis, with a median survival time (MST) of only

1–2 months in untreated patients.4 Among patients receiving

standardized radiotherapy, the MST is only 8.8 months.5

Despite recent progress in oncotherapy, brain metasta-

sis remains a destructive complex disease for a lot of solid

apparatus phymas, especially lungcarcinomas. Up to 20%

of adult systemic malignancies such as lung cancer

develop brain metastases.6 This incidence is increasing,

partly due to improvements in magnetic resonance ima-

ging (MRI) testing techniques, as well as improvements in

systemic therapies that extend patient survival.7 Localized

treatments have become mainstream, but may increase the

incidencerate of complex postoperative diseases such as

stroke, organ thanatosis, and cognizant confusion.8

Generalized immunotherapy has shown favorable data

in the treatment of brain metastases and has changed the

conventionalpattern of cerebral immune privilege. The

immune system recognizes tumor cell antigens, and antigen

presenting cells (APCs) activate T cells and subsequent

T cell toxicity via APCs, and play an important role in

clearing tumor clones.9,10 However, tumor cells can evade

the immune system by expressing multiple checkpoints that

confer tolerance, and inhibit T cell proliferation.11,12 At

present, the most correlated immune checkpoints in clinical

are programmed death receptor-1 (PD-1) and programmed

death ligand 1 (PD-L1). PD-L1 is expressed on the surface

of cancer cells and interacts with PD-1 on T cells to inhibit

apoptosis of regulatory T cells and induce apoptosis of

cytotoxic T cells.13

The paradigm of CNS immune privilege provided the

impetus for the immune system to enter the intracranial

compartment and to enter the tumor. Whether immune

system can cross the blood–brain barrier (BBB) has

remained controversial for decades. In the 1940s, studies14

indicated that the brain had no lymphatic drainage system,

and the BBB was recognized as a limitation of pathways of

the CNS,15 including immune cells.16 However, recent stu-

dies have refuted the notion of immune isolation in the

brain.17 In the 1980s, an antigen exit route was discovered

from the brain to the deep cervical lymph nodes.18 In 2015,

functional lymphatics found in the meninges provided

a direct drainage route for cerebrospinal fluid and immune

cells from the brain to cervical lymph nodes.19

However, PD-1/PD-L1 immunotherapy may be less

hindered by CNS immune privilege than dogma dictates.

Unlike traditional chemotherapy and targeted therapy, the

core mechanism of PD-1/PD-L1 inhibitors is to remove

inhibition of tumor cells on T cells. Therefore, the key to

immunotherapy is not whether a drug can cross the BBB

to reach the brain, but whether killer T cells can enter the

tumor tissue of the brain parenchyma.

Normal parenchyma and primary brain tumors have

fewer lymphocytes in the immunoregulatory environment,

while metastatic brain tumors have significant tumor infil-

trating lymphocytes (TILs). High density CD3+ TILs was

relevant to longer median overall survival (OS).20 Many

proof-of-principle studies have demonstrated that high TIL

quantity and augmented OS consistency in primary tumors

and cerebral metastasis support the utilization of immune

checkpoint suppression for the treatment of brain metas-

tases. The cerebrum ceases to be a strictly “immunization

prerogative” circumstances and that cerebral metastases

can cross the BBB and PD-1/PD-L1 inhibitors have

shown promising results.

PD-1/PD-L1 Inhibitors Currently in
Clinical Use
The theory that the brain is an immunologically specialized

region has recently been re-examined due to findings of the

presence of lymph vessels in the endocranium that drain

cerebrospinal fluid to the extracranial neck lymphatic gland.

These findings have changed our understanding of the anat-

omy of the CNS.21 However, the inborn and elastic immune

responses of the CNS are inferior to those of the peripheral

tissues.22 Nevertheless, active cyclic CD4+ T cells have

been shown to breach the BBB, and once their isogenous

antigens are identified on APCs, they trigger partial T cell

excitation, secret various cell factors, and further recruit

immunocompetent cells, ultimately changing BBB penetr-

ability characteristics.22 The mechanism by which tumors

evade the immune system and promote immune tolerability

is the objective of immune checkpoint suppressants. Five

drugs have been approved for use in patients with encepha-

lic metastases from lung carcinoma: the anti-PD-1 drugs,

pembrolizumab and nivolumab, and the anti-PD-L1 agents,

atezolizumab, durvalumab, and avelumab.

Pembrolizumab
NSCLC

Use of pembrolizumab as an anti-PD-1 monoclonal anti-

body was primarily used to demonstrate unequivocal effi-

cacy against brain metastasis in untreated NSCLC. Many
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proof-of-principle studies have shown that pembrolizumab

has therapeutic effects on brain metastasis of lung cancer.

The KEYNOTE-001 clinical trial confirmed the efficacy of

pembrolizumab in NSCLC with CNS metastasis for the first

time and showed that its efficacy was correlated with PD-

L1 expression.23 The US Food and Drug Administration

(FDA) authorized use of “Pembrolizumab for second-line

PD-L1-positive (≥1%) patients with metastatic NSCLC

whose disease progression occurs during or after platinum

chemotherapy” in 2015.24 Five-year survival is a milestone

for patients with advanced NSCLC, and the long-term total

survival data reported in the first KEYNOTE series study is

encouraging.

The KEYNOTE-010 clinical trial confirmed the pre-

dictive value of PD-L1 expression for pembrolizumab

efficacy.25 These clinical results are similar to those

reported previously, and patients may still benefit from

previous immunotherapy if challenged after resistance

has occurred. Data from a previous prospective Phase II

study into pembrolizumab treatment for brain metastases26

reported at least one untreated or progression of 5–20 mm

of brain metastases, no central symptoms or without glu-

cocorticoid treatment PD-L1 positive in NSCLC, 18

patients with midbrain transfer objective response rate

(ORR) was 33%, total ORR was 33%. This study prelimi-

narily confirmed that pembrolizumab was effective for

selective NSCLC brain metastatic lesions and showed

a consistent remission rate of intracranial lesions with

extracranial lesions. There was a high consistency between

CNS and systemic response, and CNS response was pre-

sent in 8/9 (88%) of patients diagnosed with systemic

response. At 10.3 months of follow-up, the medium OS

in the NSCLC group was 7.7 months. Adverse effects

were similar to those of other diseases treated with pem-

brolizumab, and no treatment-related deaths have been

reported.26 This clinical trial also reported a patient with

brain metastases who received pembrolizumab for three

years without targeted brain radiotherapy. Pembrolizumab

treatment resulted in necrosis of intracranial frontal lobe

lesions and disappearance of cerebellum lesions, demon-

strating significant therapeutic effects of pembrolizumab

on brain metastases of lung cancer. The KEYNOTE-024

clinical trial evaluated the first-line efficacy of pembroli-

zumab treatment for metastatic NSCLC versus chemother-

apy27. It included 18 patients with brain metastases

treated with pembrolizumab and 10 treated with che-

motherapy. Pembrolizumab showed significant improve-

ments in progression-free survival (PFS) and OS in these

patients.27 The National Comprehensive Cancer Network

guidelines recommend use of pembrolizumab for first-line

treatment in patients with PD-L1-positive (≥50%) meta-

static NSCLC.28 Recent data show significant results were

maintained at HR of 0.56, with a medium follow-up time

of 24 months (95% CI, 0.32–0.95, P = 0.0151).29 Similar

results were shown in the KEYNOTE-028 study by the

American Society of Clinical Oncology (ASCO).30

The latest NSCLC data reported by ASCO in 2018

showed the CNS response of the 34 patients registered

was 29.4% (http://abstracts.asco.org/214/AbstView_214_

228899.html). The medium OS was 8.9 months and 31%

of patients survived >2 years. The CNS response was

inconsistent with the systemic response in seven patients.

Five additional PD-L1 negative or unevaluable tumors

were contained, despite no response in this sub cohort.

This study provides important insight into the treatment

of metastatic encephaloma of lung carcinoma.

Pembrolizumab was also shown to be active in brain

metastases in patients with NSCLC, and was considered

safe.31 Therefore, systemic immunotherapy may have ther-

apeutic effects in patients with untreated or progressive

brain metastasis. My personal recommendation is that

there is no hesitation about pembrolizumab or chemo

first for eligible patients, and in any case, immunotherapy

should be given first.

These clinical trials have shown that chemotherapy

may be more effective better after use of immunotherapy.

SCLC

Pembrolizumab is an efficient treatment for metastatic small

cell lung cancer (SCLC). KEYNOTE 15832 was a phase II

clinical trial study that evaluated the antitumor activity of

pembrolizumab. The study enrolled 11 cancer patients, includ-

ing SCLC patients with brain metastases. Pembrolizumab was

administered to patientswith advanced SCLCbrainmetastases

who had previous treatment failure, progression, or intolerance

to standard therapy, with ORR, duration of response (DOR),

andPFS as primary end points andOSas secondary end points.

TheORRof 107SCLCpatientswas 18.7%, andwas 35.7% for

PD-L1-positive tumor patients and 6.0% for PD-L1-negative

tumor patients. The medium PFS of all patients was 2.0

months, and was 2.1 months for PD-L1-positive patients and

1.9 months for PD-L1-negative patients. The medium OS was

9.1 months, and was 14.6 months for PD-L1-positive patients

and 7.7 months for PD-L1-negative patients. This study

showed that patients with PD-L1-positive orthotopic tumors

benefited from pembrolizumab immunotherapy, but PD-L1

Dovepress Wang et al

OncoTargets and Therapy 2020:13 submit your manuscript | www.dovepress.com

DovePress
669

http://abstracts.asco.org/214/AbstView_214_228899.html
http://abstracts.asco.org/214/AbstView_214_228899.html
http://www.dovepress.com
http://www.dovepress.com


expression of in metastases was not analyzed; therefore, the

correlation between PD-L1 expression, and the prognosis of

brain metastasis could not be demonstrated.

These findings indicate that use of pembrolizumab may

be advantageous for first-line and second-line therapy for

brain metastasis of lung cancer, and may provide flexible

options for clinical treatment. These findings also support the

use immunotherapy followed by sequential chemotherapy.

Short-term treatment with pembrolizumab may have

long-term therapeutic effects on the treatment of lung

cancer and brain metastasis. In the event of adverse reac-

tions or discomfort, the treatment time, and dose of pem-

brolizumab can be reduced.

Nivolumab
NSCLC

Nivolumab has similar therapeutic effects to pembrolizu-

mab for lung cancer with brain metastasis. Studies suggest

the potential therapeutic use of nivolumab for brain metas-

tasis. The results of the CheckMate-01733 and CheckMate-

05734 studies provided a theoretical basis for nivolumab

for the treatment of brain metastases. The FDA granted

permission for the application of nivolumab for the treat-

ment of metastatic or advanced NSCLC, prompting

research into immunotherapy for brain metastasis of lung

cancer. Nivolumab has become a second-line drug for

NSCLC treatment.

In the Expanded Access Programme of nivolumab,

advanced lung squamous cell carcinoma (SCC) (http://

abstracts.asco.org/214/AbstView_214_228899.html), and

terminal non-squamous cell carcinoma (NSCLC)35 were

studied. In the study of pulmonary SCC, 371 patients in

stage III/IV were enrolled, including 37 with asympto-

matic brain metastases. The illness inhibition proportion

of this cohort was 47.3%, including one complete

response (CR), six partial responses (PRs), and 11 with

a steady condition. Four patients were treated for cancer

progression. The median PFS and OS were 5.5 months

and 6.5 months, respectively, and only one patient

stopped treatment due to adverse reactions. The objective

remission rate of CNS patients treated with nivolumab

was 19%, disease control rate (DCR) was 49%, 1-year

OS ratio was 35%, and 1-year PFS ratio was 31%.36 The

study into nivolumab as a treatment for terminal NSCLC

enrolled 1588 patients, including 409 with asymptomatic

brain metastasis. The study found that the ORR of

patients with CNS metastasis was 17%, the DCR was

40%, the medium OS was 8.6 months, and the 1-year

OS ratio was 43%.37 These studies suggest that nivolu-

mab is equally effective for extracranial lesions and

showed that nivolumab could improve the condition of

both lung SCC and non-SCC patients with brain metas-

tasis. Similarly, a study conducted in Israel that enrolled

260 patients with advanced NSCLC, including 55 with

CNS metastasis, showed that the median OS of patients

with CNS metastasis and patients without CNS metasta-

sis was 7.0 months and 5.2 months, respectively (P =

0.5), suggesting that the survival benefit of patients with

brain metastasis receiving nivolumab was similar to that

of patients without cerebral metastases.38

A summary analysis of nivolumab treatment for

advanced NSCLC39 including 971 patients (544 patients in

the treatment nivolumab group, 46 patients with brain metas-

tases, 427 patients in the docetaxel treatment group, 42

patients with brain metastases) showed that subgroup analy-

sis of patients with metastatic encephaloma revealed that

nivolumab treatment group and docetaxel treatment group

3 months in CNS lesions were 7% and 12% respectively, the

proportion of new CNS lesions observed in 6 months were

13% and 17% respectively, and the medium OS was 8.4

months and 6.2 months respectively. Compared with che-

motherapy, nivolumab monotherapy improves OS, and can

reduce the occurrence of new intracranial lesions after brain

metastases.

A multicenter study reviewed data from patients treated

with nivolumab to evaluate the link between of metastatic foci

in a real-world setting and the efficacy of nivolumab. Among

201 patients, 51 (25.4%) had cerebrum metastasis. No data

were available regarding encephalic progress, prior radiother-

apy, symptoms, or corticosteroids used in these patients.

Despite the limitations of the study, it is worth noting that

25% of treated patients experienced BMs. Poor PS was corre-

lated with poor prognosis, but encephalon metastases were

correlated with poor outcome. In a similar study, poor PS was

associated with poor clinical outcome; however, conflicting

results demonstrated that CNS metastases were associated

with poor prognosis.40 Data on intracranial activity and safety

in NSCLC patients with metastatic encephaloma treated with

nivolumab were collected in a multicenter retrospective study

conducted in France. Forty-three patients with brainmetastasis

were included, including 37% with abnormal encephalic dis-

eases. Brain tumor activity and extracranial efficacy were

similar, with acceptable toxicity.41 To date, studies have

shown that nivolumab can provide sustained survival benefits

to patients with NSCLC with brain metastases, validating its

preferred choice as second-line treatment.42
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SCLC

An exploratory analysis of tumor mutational burden

(TMB) reported by World Conference on Lung Cancer

(WCLC) recruited 211 evaluable SCLC patients with

TMB, including 69 with low, 69 with medium, and 73

with high TMB.43 The ORR of high TMB patients treated

with nivolumab was 21.3%, the PFS was 1.4 months, the

ORR of combined treatment was 42.6%, and the PFS was

7.8 months. In a single drug cohort, the median OS of low,

medium, and high TMB was 3.1, 3.9, and 5.4 months,

respectively. In the combined group, the median OS of

low, medium, and high TMB was 3.4, 3.6, and 22.0

months, respectively. This study evaluated the role of

TMB in SCLC and its relationship with prognosis after

PD-1 blockade and found that use of nivolumab mono-

therapy was more effective in patients with high TMB

compared medium or low TMB.

Studies have reported an association between high

TMBs and increased response to PD-1 pathway blockade

in cancer patients. In NSCLC patients treated with pem-

brolizumab, a higher burden of non-synonymous muta-

tions in tumors was found to be correlated with improved

OS, sustained clinical benefit, PFS, and neoantigen-

specific CD8+ T cell responses parallel with tumor

regression.44 Similarly, whole-exome sequencing analy-

sis showed that high TMB load was associated with

increased numbers of TILs and improved survival.45 In

December 2017, the FDA approved a laboratory test

known as Foundation One for use to assess a patient’s

TMB status. This is a new generation of solid tumor fluid

biopsy test that has been used in clinical trials to predict

the response of anti-PD-1/PD-L1 therapy in various can-

cer types.46–49

PD-L1 expression of in in situ tumors may not repre-

sent expression in intracranial tumors.25 The KEYNOTE-

010 study reported 49 patients with brain metastases from

lung cancer who remained immunoresponsive after with-

drawal. While most patients had a history of smoking and

strong expression of PD-L1 in the in situ tumor, 17% were

non-smokers, and 39% with brain metastasis of NSCLC

with weakly positive expression of PD-L1 received lasting

survival benefits. These findings indicate that TMB may

be a more suitable predictor of immune treatment response

of SCLC than PD-L1 expression.

The CheckMate-032 study was a phase I/II open-label

clinical study that evaluated the safety and efficacy of

nivolumab monotherapy for advanced or metastatic

SCLC. The study showed that 7 of 20 treated patients

had partial remission, with an ORR of 35% and

a medium remission time of 8.6 weeks.50 While this was

an early clinical study, use of nivolumab alone is currently

widely accepted as the preferred treatment for brain metas-

tasis of SCLC, based on the National Comprehensive

Cancer Network (NCCN) guideline recommendations

and the poor efficacy of the second-line drug topotecan.

Despite a lack of systematic evaluation comparing immu-

notherapy with other treatment options, these results are

significant since potential effective treatment options other

than immunotherapy are still at the clinical trials stage.

These findings show that second-line treatment nivolu-

mab is effective in the treatment of brain metastasis of

NSCLC and SCLC. In future, brain metastasis mainte-

nance treatment will be further enriched with nivolumab

and treatment may include patients with brain metastasis

of lung cancer at all stages.

Atezolizumab
NSCLC

Atezolizumab is a human engineered monoclonal antibody

against the IgG1 PD-L1 isotype. Studies have convincingly

shown that atezolizumab could increase the life expectancy

of patients with brain metastases. The FIR study51 investi-

gated the efficacy of atezolizumab in the treatment of local

progression of PD-L1 expression or metastatic NSCLC. This

study includes three cohorts, includes one with more than

two lines. Thirteen patients with brain metastasis receiving

treatment are enrolled, with an ORR of 23%, medium PFS,

and OS of 4.3 months and 6.3 months, respectively. These

outcomes indicate that patients with asymptomatic intracra-

nial metastatic tumors of NSCLCmay benefit from treatment

using atezolizumab alone.

The OAK study52 was a Phase III clinical trial comparing

atezolizumab versus docetaxel to treat late-stage NSCLC.

The atezolizumab group and docetaxel group included 38

and 47 asymptomatic patients with stable metastatic ence-

phaloma after previous local injection, respectively.

Compared with docetaxel, atezolizumab reduced disease

progress by 39%, and fatalities by 45% in patients with

brain metastasis in the POPLAR study.53 In asymptomatic

patients with stable brain metastases who had received pre-

vious local treatment, atezolizumab showed significant ben-

efits to OS compared with chemotherapy.

Based on these findings,52 the FDA approved atezoli-

zumab for patients with brain metastatic NSCLC who

previously underwent unsuccessful chemotherapy or
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targeted drug treatment due to its good efficacy and safety

that it was unaffected by tissue type and PD-L1 expres-

sion. In the PD-L1 ≥1% group, median survival was

increased by 5.4 months (15.7 months vs 10.3 months).

In patients with low or no expression of PD-L1, the

medium subsistence rate was extended by 3.7 months

(12.6 months vs. 8.9 months). Therefore, atezolizumab

may represent a good choice for patients with metastatic

lung cancer as its actions do not depend on expression

levels of PD-L1, and it can prolong patient survival to

a greater extent than chemotherapy.

SCLC

Patients with SCC and NSCLC showed similar survival

benefits. The PCD4989g study54 was a Phase I study that

investigated atezolizumab treatment for diverse solid

tumors containing SCLC. This study included 17 SCLC

patients with brain metastasis, 65% of whom had received

third-line or above treatment. The median PFS was 1.5

months (95% CI: 1.2–2.7) and a median OS of 5.9 months

(95% CI: 4.3–20.1). This study demonstrated that atezoli-

zumab improved ORR and PFS in patients with SCLC

brain metastasis and was well tolerated.

Preliminary outcomes highlight good tolerance of atezoli-

zumab in the treatment ofmetastatic SCLC, and the efficacy of

its use as a single drug is encouraging. However, fewer cases

were included in this study; therefore, more data are needed to

support its use in clinical practice. The IMPower-133 study

was a stage III study that assessed the combined use of

atezolizumab and chemotherapy (carboplatin plus etoposide)

compared with chemotherapy alone for cerebral metastasis in

SCLC patients treated without the efficacy and safety. A total

of 403 patients were recruited, and the primary endpoints of

the study included PFS and OS of the patients. Medium

follow-up was 13.9 months, and atezolizumab significantly

extended OS, with a median PFS of 5.2 and 4.3 months for the

atezolizumab and control groups, respectively. The atezolizu-

mab group maintained control of the disease for longer than

the control group, representing a milestone in the use of

immunotherapy of SCLC with brain metastases. Impower-

133 became the first study for more than 20 years to show

that first-line treatment significantly improved OS using

immune combination therapy for brain metastases in a stage

III SCLC clinical trial. This treatment will likely become

a new standard for the treatment of cerebral metastasis in

patients with SCLC. Twenty-seven patients with BMs, four

lanthanic and untreated and 23 patients in a stable condition

who had received brain radiotherapy were analyzed in

a combination of four studies using atzolizumab as second-

line or above treatment. The morbidity of therapy-correlated

neuro-untoward effects was 9% in the non-BMs group and

15% in the BMs group, suggesting atzolizumab was

tolerated.55 The IMPower-133 study56 showed that treatment

of atezolizumab with carboplatin and etoposide remarkably

improved OS and PFS compared with carboplatin and etopo-

side alone. IMpower133 was the first study in more than 30

years to show significant clinical improvement of OS com-

pared with the current first-line standard treatment regimen.

Atezolizumab became the first approved immunological drug

for first-line treatment of SCLC, introducing the use of immu-

notherapy for SCLC. A study conducting subgroup analysis

on Japanese patients obtained similar results.57 However, the

clinical benefits of atezolizumab for Chinese patients remain

unclear.

Atezolizumab is effective in the treatment of brain

metastasis of lung cancer. However, the cost of using

atezolizumab is quite high. Therefore, it is necessary to

further optimize the drug composition and reduce the cost

to enable more patients with lung cancer and brain metas-

tasis to receive treatment.

Durvalumab
NSCLC

Durvalumab is a PD-L1 antibody that was approved by the

FDA in May 2017 through an accelerated approval process

for the therapy of advanced metastatic bladder cancer. The

therapeutic effect of durvalumab in the treatment of stage

3 NSCLC was verified by a stochastic steerable clinical

study that included 713 patients with stage 3 NSCLC.

Some patients had brain metastasis and the disease did

not deteriorate temporarily after chemotherapy and radio-

therapy. There was no significant tumor growth (median)

for 16.8 months after durvalumab compared with 5.6

months for the placebo group. Globally, around 30% of

patients with NSCLC have stage 3, and the slow disease

progression strategy for stage 3 unrespectable NSCLC is

radiation and chemotherapy. In 2017, the European

Society of Oncology Conference reported the result of

the PACIFIC stage III clinical trial,58 in which the PFS

of the experimental group was 11.2 months, and there was

no obvious increase in incidence of adverse events. The

FDA approved the use of durvalumab for unrespectable

NSCLC. Patients who received radiation and chemother-

apy after stage 3 NSCLC disease did not progress, indicat-

ing that this immune therapy is the first drug to slow the

progression of NSCLC. Since 89% of stage 3 NSCLC
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patients will experience progression of brain metastasis,

treatment that slows the disease progression is crucial.

SCLC

In 2018, ASCO published the results of the NCT01693562

study,59 in which durvalumab was used as monotherapy in

patients with terminal stage SCLC brain metastasis.

A total of 21 patients (20 treated) with extensive stage

SCLC with metastatic brain tumors received treatment

with durvalumab 10 mg/kg, once every two weeks. The

ORR was 9.5%, PR was observed in two cases, and DCR

was seen in 14.3%. Among the two effectively treated

patients, the curative effect lasted for 14.6 months in one

case of initial treatment, and more than 25.5 months in the

other case (after platinum resistant third-line chemother-

apy). The medium PFS was 1.5 months, the PFS ratio was

14% at 12 months, the medium OS was 4.8 months, and

the OS ratio at 12 months was 27.6%. Although this was

a small sample study, the results highlight the initial cura-

tive effect of durvalumab in patients with SCLC brain

metastases.

Durvalumab not only outperforms in survival data, but

is also easier to use clinically. The occurrence of immu-

notherapy-related adverse reactions also increases its dif-

ficulty to use in clinical treatment.

Avelumab
Avelumab is a humanized monoclonal antibody against PD-

L1. In March 2017, the FDA approved the PD-L1 antibody

avelumab to treat a rare form of skin cancer known as Merck

cell cancer. No data have been published regarding the use of

avelumab in the treatment of brain metastasis from NSCLC or

SCLC, as most studies have adopted a combined strategy. The

PAVE study (NCT03568097; https://www.clinicaltrials.gov/)

used avelumab combination chemotherapy for patients with

advanced SCLC as first-line treatment of single arm open tag

stage II study, including 55 cases with cerebral metastatic

tumors from SCLC.

The result will bring the first-line therapy for brain

metastases from SCLC to new ideas. First-line application

of avelumab alone may show clinical activity and good

tolerance in patients with advanced brain metastasis of

lung cancer and indicate that avelumab may be equivalent

to current standard treatment. Table 1 summarizes the

clinical trials involving PD-1/PD-L1 inhibitor monother-

apy for brain metastasis of lung cancer.

Application of PD-1/PD-L1
Inhibitors Combined with Other
Therapeutic Methods in Brain
Metastasis of Lung Cancer
PD-1/PD-L1 Inhibitors Combined with

Chemotherapy
NSCLC

Treatment using PD-1/PD-L1 inhibitors combined with

chemotherapy has a higher clinical response rate than

chemotherapy alone. In May 2017, the FDA authorized

use of pembrolizumab combined with pemetrexed plus

carboplatin for first-line therapy of previously untreated

NSCLC patients with intracranial metastases based on

findings from the KEYNOTE-021 clinical trial.60

Use of atzolizumab was approved by the FDA as

a second-line therapy based on the findings from a phase II

clinical trial, and was verified in the OAK III clinical trial.

Compared with docetaxel, atzolizumab showed improved

efficacy in advanced and metastatic NSCLC.52,61 Subgroup

analysis of the OAK trial revealed that 85 patients with

asymptomatic and stable BM showed a medium OS

improvement of 20.1 months in patients treated with atazo-

lizumab, which was 11.9 months more than that seen in

patients treated with docetaxel.62 Atzolizumab improved

PFS and OS compared with bevacizumab and carboplatin-

taxol chemotherapy, as a first-line therapy for patients with

metastatic non-squamous NSCLC without epidermal growth

factor receptor (EGFR) or ALK mutations.63 However, this

was a large multinational study and only evaluated the effi-

cacy of atzolizumab compared with bevacizumab combined

with chemotherapy. A retrospective cohort study comparing

use of carboplatin in combination with pemetrexed or with-

out pembrolizumab revealed the potential benefits of the use

of pembrolizumab for patients with BMs.64 Since few

patients showed significant PD-L1 expression in this study,

it was not possible to estimate the impact of PD-L1 expres-

sion on PFS and OS. Furthermore, although the study found

better outcomes in brain metastases treated with pembrolizu-

mab combined with chemotherapy, the effect was not statis-

tically significant due to the small sample size.

The medium analytic results of the IMPower-131 clinical

trial that investigated use of atezolizumab combined with

chemotherapy for first-line treatment of advanced SCC-type

NSCLC patients with brain metastasis and the results were

released at the meeting of the ASCO (http://abstracts.asco.

org/214/AbstView_214_214607.html). Combined used of
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chemotherapy reduced the coefficient of disease progression

or mortality rate by 29%, and the 1-year PFS rate doubled

(24.7% vs 12.0%). These findings applied also to PD-L1-

negative tumors and patients with tumor metastasis. The

benefits to patients with superior PD-1 expression increased

in a stepwise manner, suggesting that although the combined

Table 1 The Efficacy of PD-1/PD-L1 Inhibitor Monotherapy in Patients with Brain Metastasis of Lung Cancer

Trials Drugs Phase N(ITT) Disease PD-L1

Status

CNS ORR Median CNS

PFS (Months)

Median PFS

(Months)

Median OS

(Months)

KEYNOTE-001 Pembrolizumab I 37 NSCLC ≥1% 27% (10/37) 2.8 3.7 12

KEYNOTE-010 Pembrolizumab II–III 28 NSCLC ≥1% 64% (18/28) 3.7 4.2 11.8

NCT02085070 Pembrolizumab II 39 NSCLC Any 33% (13/39) Not reported Not reported NR

KEYNOTE-021 Pembrolizumab I-II 13 NSCLC Any 54% (7/13) Not reported Not reported 16.7

KEYNOTE-024 Pembrolizumab III 18 NSCLC ≥50% 61% (11/18) 3.3 3.9 30

KEYNOTE-028 Pembrolizumab IB 24 NSCLC ≥1% 58% (14/24) 1.9 2.2 11.3

KEYNOTE 158 Pembrolizumab II 11 SCLC Any 55% (6/11) 1.7 2 9.1

CheckMate-017 Nivolumab III 19 NSCLC ≥50% 63% (12/19) 2.9 3.5 9.2

CheckMate-057 Nivolumab III 26 NSCLC Any 69% (18/26) 1.8 2.3 12.2

EAP in Italy Nivolumab NA 42 NSCLC NA 29% (12/42) 2.8 5.5 6.5

A retrospective

study in Israel

Nivolumab NA 5 NSCLC NA 40% (2/5) Not reported Not reported Not reported

A meta-analysis

from Checkmate

063, Checkmate 017

and Checkmate 057

Nivolumab NA 46 NSCLC NA 33% (15/46) Not reported Not reported 8.4

A multicenter,

retrospective study

from 9 different

Galician centers

Nivolumab NA 42 NSCLC NA 26% (11/42) 5.1 4.8 12.9

A retrospective

study in 2 thoracic

oncology centers in

France

Nivolumab NA 43 NSCLC NA 9% (4/43) 3.9 2.8 7.5

CheckMate-032 Nivolumab I-II 20 SCLC Any 35% (7/20) 1.8 1.4 6.2

FIR Atezolizumab II 13 NSCLC ≥1% 23% (3/13) 3.5 4.3 6.3

OAK Atezolizumab III 38 NSCLC Any 34% (13/38) 3.1 4 13.8

POPLAR Atezolizumab III 27 NSCLC Any 30% (8/27) Not reported Not reported 12.6

PCD4989g Atezolizumab I 17 SCLC NA 6% (1/17) 1.9 1.5 5.9

IMPower-133 Atezolizumab III 27 SCLC NA 41% (11/27) 2.4 5.2 12.3

A Subgroup Analysis

of OAK Study

Atezolizumab NA 19 SCLC ≥1% 26% (5/19) Not reported Not reported 21.3

PACIFIC Durvalumab III 23 NSCLC Any 30% (7/23) 3.7 16.8 NR

NCT01693562 Durvalumab I 21 SCLC Any 9.5% (2/21) 1.5 2.3 4.8

Abbreviations: N, number; ITT, intention to treat; NA, not applicable; NR, not reached.
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treatment effect was generally better than single drug che-

motherapy, patients with high expression of PD-L1 still

benefited.

SCLC

The CheckMate-331 study involving 803 patients compared

the head-to-head efficacy of nivolumab with topotecan or

amrubicin for SCLC with brain metastases after first-line

treatment. Patients were randomly divided into two cohorts

and received intravenous treatment with nivolumab, topote-

can, or amrubicin. Primary endpoints were OS after 12

months of treatment, and secondary endpoints were PFS

and ORR. The trial was declared a failure in 2018. The

results showed that nivolumab did not significantly extend

the OS and failed to reach the primary efficacy endpoint of

the study, compared with relapsing SCLC with second-line

standard topotecan or amrubicin chemotherapy. The biose-

curity of nivolumab in this study was in accordance with the

findings from previous single drug studies of SCLC patients

with brain metastases. It remains unclear whether PD-L1

expression in the tumors of the patients participating in the

study was an influential factor.

In August 2018, the FDA approved nivolumab for use

in brain metastatic SCLC treated with platinum che-

motherapy and at least one other therapy. This was granted

based on the CheckMate-032 study ORR (12%) and DOR

(17.9 months) findings, and nivolumab became a new

approved treatment for SCLC with brain metastasis.

PD-1/PD-L1 Inhibitors Combined with

Radiotherapy
Localized radiotherapy is the standard treatment for brain

metastasis. The KEYNOTE-001 trial evaluated pembrolizu-

mab monotherapy with advanced NSCLC as a phase

I study. The study used radiotherapy from the immune

therapy single center secondary data analysis and found,65

42 patients underwent radiotherapy, 38 patients with extra-

cranial radiation therapy, four patients underwent cranial

radiation therapy, and 55 patients did not receive radio-

therapy, radiotherapy in patients with and without radio-

therapy in patients with a median PFS were 4.4 and 2.1

months (P = 0.019), the median OS was 10.7 months and

5.3 months, respectively (P = 0.026). Combined with radio-

therapy can increase PFS and OS in patients with advanced

NSCLC, and immunotherapy combined with radiotherapy

plays a synergistic role in NSCLC. Limitations of the study

included inability to obtain complete details about radiation

dose, grading, and planning for all patients, which limited

further analysis, and the PD-L1 status was not available for

all patients. Although was a single institution study, this

patient group did not appear significantly different from

other study groups.

It is unclear whether a combination of immunotherapy

and radiotherapy further improves efficacy. Studies have

found that radiotherapy promotes the release of various

factors in tumors and surrounding tissues, leading to

immunogenic death of tumor cells, activating APCs,

releasing various cytokines, activating T cells, and promot-

ing the immune system to attack tumor cells.66

A previous retrospective study67 included 17 cases

treated with PD-1/PD-L1 inhibitors and stereotactic radio-

therapy therapy for NSCLC patients, starting from the

radiation of OS 5.6 months, starting from the diagnosis

of OS 17.9 months. PD-1/PD-L1 antibodies before or

patients with stereotactic radiosurgery (SRS) in the treat-

ment and after treatment for six months in patients with

intracranial ORR of SRS were 57% and 0%, respectively.

Therefore, PD-1/PD-L1 antibody treatment with adjuvant

radiotherapy, especially before treatment or with SRS,

may help to control CNS metastasis. This study was the

first to report the use of stereotactic radiation and anti-PD

-1/PD-L1 in patients with brain metastases of NSCLC;

however, this report was ignored due to inherent defects

of the retrospective analysis and the heterogeneity of the

treatment cohort. Prospective testing of combined use of

stereotactic radiation and anti-PD-1/PD-L1 therapy may

define safety and may brain metastasis and OS.

A retrospective study68 evaluated the safety of 163

patients with intracranial radiotherapy for brain metastasis

of NSCLC, among which 50 patients received PD-1/PD-

L1 antibody treatment. In contrast to intracranial radio-

therapy, the morbidity of intracranial radiation toxicity was

similar, suggesting intracranial radiotherapy combined

with PD-1/PD-L1 antibody therapy was safe, and feasible

for patients with brain metastasis. Further prospective

studies are needed to determine the best timing for the

use of this combination therapy and determine its safety

and tolerability.

Another study into the effects of immunotherapy com-

bined with radiotherapy on extracranial lesions in patients

with lung adenocarcinoma69 suggested that immunotherapy

increased the chance of distant effects in patients with low

immunogenicity primary tumors with brain metastases after

radiation therapy. Since this clinical study only included one

case and the evaluation method was relatively unique,

further verification of this finding is required.
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Radiation “burn” of tumor cells can be viewed as

a type of in situ tumor vaccine that stimulates the immune

system to recognize tumor cells and promote the immune

cells to attack tumor cells. Combining this treatment with

PD-1 antibodies may achieve twice the result with half the

effort, which is the theoretical basis of radiotherapy com-

bined PD-1 antibodies.

PD-1/PD-L1 Inhibitors in Combination

with Other Immune Checkpoint Inhibitors
NSCLC

Several studies have shown that PD-1 inhibitor coupled with

CTLA-4 inhibitor has a more effective treatment outcome on

brain metastasis of NSCLC. Since the dual immune blocking

mode was approved by the FDA for malignant melanoma and

renal cell cancer in 2011 and 2017, respectively, studies into

therapy of metastatic encephaloma among lung carcinoma

patients have been performed. Currently, the main modes of

dual immune blocking include PD-1/PD-L1 inhibitor in com-

bination with CTLA-4 inhibitor and PD-1/PD-L1 inhibitor

combined with lung cancer vaccine. However, no studies

have investigated the use of PD-1/PD-L1 inhibitors combined

with CTLA-4 inhibitors.70 Since PD-L1 and CTLA-4 target

the activation and effect stages of immune regulation,

respectively,71 blocking these two key points simultaneously

may lead to unexpected effects. The CheckMate-227 clinical

study compared the therapeutic effects of nivolumab combined

with ipilimumab and chemotherapy in NSCLC patients. The

main data reported at present indicate that combined use of

nivolumab and ipilimumab had a relatively high safety, espe-

cially for patients with high tumor load. PD-L1 expression

levels were not related to high tumor load.72 One of the high-

lights of this clinical study was the first prospective use of

tumor mutation load as a biomarker for exploratory analysis.

While data from the CheckMate-227 study are not sufficient to

define the role of TMB, they provide an important basis for

subsequent clinical studies.

SCLC

The CheckMate-032 clinical study evaluated the therapeutic

effect and biosecurity of nivolumab alone or nivolumab com-

bined with ipilimumab to treat metastatic SCLC.73 In this

study, 216 SCLC patients with brain metastasis after treatment

were enrolled and divided into four groups. The first group

received nivolumab, while the other groups received different

doses of nivolumab combined with ipilimumab. The primary

endpoint of this study was ORR. Secondary endpoints

included OS, PFS, and biomarkers. Nivolumab combined

with ipilimumab showed favorable efficacy and tolerance in

the early treatment group, which was unrelated to the expres-

sion of PD-L1 or the sensitivity of patients to platinum. These

findings prompted long-term follow-up this of cohort as well

as a randomized amplified cohort study in SCLC patients with

brain metastases to further evaluate the efficacy of nivolumab

combined with ipilimumab.

The NCCN adopted nivolumab ± ipilimumab as a

recommended second-line treatment for metastatic SCLC in

the first edition guidelines published in 2017.74 Subsequently,

ASCO reported the results of the CheckMate-012 study in

2017,75 inwhich 247 patientswere randomly assigned to either

nivolumab or nivolumab combined with ipilimumab groups.

Nivolumab and nivolumab combinedwith ipilimumab showed

long-lasting effects in previously treated SCLC patients. These

findings confirmed that nivolumab combined with ipilimumab

may be an alternative treatment for metastatic SCLC. One

limitation of this study is that it was not designed to directly

compare the safety and efficacy of treatment regimens, had

a small sample size, and lacked stratification of relevant base-

line characteristics. Another limitation is that since these treat-

ments were not randomized, only indirect comparisons could

be made between the nivolumab plus ipilimumab group and

the previously reported nivolumab alone or nivolumab plus

chemotherapy combination groups.

The results of the NCT02261220 study reported the

safety and efficacy of durvalumab combined with tremeli-

mumab (CTLA-4 antibody) in the treatment of metastatic

SCLC (abstract number 8517, http://ascopubs.org/doi/abs/

10.1200/JCO.2018.36.15_suppl.8517). Thirty patients with

previous systematic treatment were included in the study.

The confirmed ORR was 13.3%, the median remission dura-

tion was 18.9 months, the medium PFS was 1.8 months, the

medium OS was 7.9 months, and the median OS was 41.7%

at 12 months. In terms of safety, 20 patients (67%) reported

≥1 case of adverse events or treatment-related adverse events

(TRAEs). The most common adverse events were tiredness

(n = 7, 23%) and itching (n = 7, 23%), and seven patients

(23%) had level 3/4 TRAE. No patients died due to of TRAE

withdrawal or treatment-related death. Considering the effi-

cacy and safety, the combination of dual immunity could be

a therapy scheme for patients with SCLC brain metastasis.

Therefore, doubling the therapeutic effects led to dou-

bling of the side effects. Grade 3/4 adverse reactions

occurred in 55% of patients receiving combined therapy,

compared with 27%, and 16.3% for single therapy using

durvalumab or tremelimumab, respectively. However,

treatment using CTLA-4 with PD-1 inhibitor did not
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increase immune-related adverse reactions. Therefore, it is

suggested that CTLA-4 inhibitor should applied first in

clinical practice, followed by PD-1 inhibitor when adverse

reactions are weakened.

PD-1/PD-L1 Inhibitors in Combination

with Molecular Targeted Drugs
NSCLC

Recent studies have shown conclusively that molecular

targeted drugs can significantly improve the inhibitory

rate of PD-1/PD-L1 inhibitors on brain metastasis of

lung carcinoma. Around 50% of Asian NSCLC patients

with brain metastasis with mutations in the EGFR gene.76

This gene mutation can upregulate the expression of PD-

L1 in lung carcinoma cells, while PD-1/PD-L1 inhibitor

can reduce the expression of PD-L1 in mutant lung cancer

cells and reduce their ability to metastasize.77,78 This

demonstrates the potential use of PD-1/PD-L1 inhibitor

combined with EGFR-tyrosine kinase inhibitor to treat

brain metastasis of pulmonary carcinoma.

A clinical study using nivolumab combined with erloti-

nib in the treatment of patients with late-stage NSCLC

metastasis showed the efficacy of NCT01454102.75 It is

unclear whether the combination of PD-1/PD-L1 antibody

can achieve twice the result with half the effort if PD-L1

expression is downregulated by EGFR-tyrosine kinase inhi-

bitor. The vascular endothelial growth factor pathway not

only promotes tumor angiogenesis, but also promotes

immune evasion of tumor cells by transmitting inhibitory

immune signals. Bevacizumab increases the tumor-killing

effect of atezolizumab-activated T cells by reversing the

immune suppression mediated by vascular endothelial

growth factor. The IMPower-150phase III clinical trial

assessed the use of atezolizumab plus carboplatin and pacli-

taxel in combination with chemotherapy or combined bev-

acizumab bead sheet resistance (groups B and C) on the

scale of initial IV curative effect and safety of NSCLC

patients with metastatic encephaloma, also into the group

of patients for the treatment of biopsy specimen (http://

www.abstractsonline.com/pp8/#!/4562/presentation/11130).

According to data updated by the ASCO, the OS of

group B was better than that of group C in control patients.

The total survival time of group A (bevacizumab plus

chemotherapy) was longer than that of group C, but the

diversity was not statistically remarkable. Patients with

high expression of PD-L1 and brain metastasis had

obvious benefits. In patients with EGFR+/ALK+, PFS

was better in group B than in group C, and the medium

OS was expected to be extended by 12.5 months. Most

clinical studies using combined immunotherapy with first-

line therapy exclude EGFR+/ALK+ patients with brain

metastasis of lung cancer, whereas the IMpower150

study analyzed the efficacy of EGFR+/ALK+ patients

with brain metastasis of lung cancer, which is a major

feature. However, further studies are required to investi-

gate whether these patients are suitable for first-line immu-

notherapy. This study is unique in that it did not exclude

patients with a positive driver gene, and explored tumor

immunotherapy in this population. The most significant

benefit (HR = 0.39) was observed in patients with high

expression levels of PD-L1, and the PFS was 12.6 months,

which was almost doublecompared to patients with low

PD-L1expression (2018 AACR). However, PFS was not

significantly prolonged when compared with that seen

with pembrolizumab alone in the KEYNOTE-024 study,

suggesting that use of pembrolizumab alone may be suffi-

cient when PD-L1 TPS ≥ 50%, although no prospective

study has been conducted to answer this question.

SCLC

In 2017, WCLC published the results of the MEDIOLA

study (https://library.iaslc.org/search-speaker?search_

speaker=49493), which was a basket study of durvalumab

combined with PARP inhibitor olaparib in the treatment of

multi-tumor species. A total of 38 patients with encephalic

metastasis from SCLC were included in the study, includ-

ing one patient with PR, one patient with CR, and 29%

with DCR at 12 weeks. It is suggested that durvalumab

plus olaparib in the treatment of brain metastasized SCLC

is well tolerated and may have long-term clinical benefits.

In conclusion, PD-1/PD-L1 inhibitors combined with tar-

geted drugs have been shown to significantly improve the

response rate of patients, and combined used with anti-

angiogenic targeted drugs in clinical has shown a positive

effect. Table 2 summarizes the clinical trials involving PD-

1/PD-L1 inhibitors combined with other therapeutic meth-

ods for brain metastasis of lung cancer.

Potential Immunotherapy Markers
Use of PD-1/PD-L1 antibodies for the treatment of intracranial

metastatic tumors also requires screening of suitable popula-

tions to identify ideal markers. Studies have reported that

PD-L1 expression is related to the effect of immunotherapy.

It is not clear whether PD-L1 expression can predict the effect

of immunotherapy on CNS metastasis. A study on
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pembrolizumab treatment of brain metastasis in NSCLC and

melanoma26 aimed to treat NSCLC patients before any parts

of the tumor tissue became PD-L1 positive (≥1%). The study

found that response rates of intracranial lesions were consis-

tent with the response rates of extracranial lesions; however, it

remains unclear whether PD-L1 expression in extracranial

lesions can be used as a marker to screen patients with CNS

metastasis for immunotherapy. Previous studies also suggest

that there are differences in immunophenotypes between pri-

mary pulmonary and brain metastases. A retrospective

Table 2 The Efficacy of PD-1/PD-L1 Inhibitors Combined with Other Therapies in Patients with Brain Metastasis of Lung Cancer

Trials Drugs Phase N(ITT) Disease PD-L1

Status

CNS ORR Median

CNS PFS

(Months)

Median

PFS

(Months)

Median

OS

(Months)

KEYNOTE-021 Pembrolizumab

combined with

carboplatin and paclitaxel

I-II 8 NSCLC Any 63% (5/8) 8.4 10.3 21.4

KEYNOTE-021 Pembrolizumab

combined with

carboplatin, paclitaxel

and bevacizumab

I-II 16 NSCLC Any 69% (11/16) 4.1 7.1 16.7

KEYNOTE-021 Pembrolizumab

combined with

carboplatin and

pemetrexed

I-II 8 NSCLC Any 75% (6/8) 8.9 10.2 16.7

CheckMate-032 Nivolumab combined

with ipilimumab

I-II 16 SCLC Any 56% (9/16) 2.1 2.9 6.9

IMpower150 Atezolizumab combined

with carboplatin and

paclitaxel

III 34 NSCLC Any 26% (9/34) 3.4 6.8 14.4

IMpower150 Atezolizumab combined

with bevacizumab,

carboplatin and paclitaxel

III 39 NSCLC Any 36% (14/39) 4.9 8.3 19.2

A retrospective

cohort study

Carboplatin/pemetrexed

and pembrolizumab

NA 5 NSCLC Any 80% (4/5) NR NR Not

reported

IMPower-131 Atezolizumab combined

with carboplatin and

paclitaxel

III 21 NSCLC Any 53% (11/21) 4.2 6.3 14

A retrospective

analysis from

Moffitt Cancer

Center

Pembrolizumab

combined with

radiotherapy

NA 17 NSCLC NA 41% (7/17) Not

reported

Not

reported

17.9

CheckMate-227 Nivolumab plus

ipilimumab

III 33 NSCLC ≥1% 48% (16/33) 5.1 7.2 Not

reported

CheckMate-012 Nivolumab plus

ipilimumab

I 9 SCLC ≥1% 44% (4/9) 7.3 16.1 47.9

CheckMate-012 Nivolumab plus erlotinib I 26 NSCLC ≥1% 46% (12/26) 5.2 6.3 19.2

NCT02261220 Durvalumab plus

tremelimumab

I 20 SCLC NA 35% (7/20) 1.6 1.8 7.9

MEDIOLA Durvalumab plus olaparib NA 38 SCLC NA 29% (11/38) 2.9 4.7 6.2

Abbreviations: N, number; ITT, intention to treat; NA, not applicable; NR, not reached.
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analysis of 11 matched samples of primary and intracranial

metastases in NSCLC patients with EGFR mutation

negative59 revealed that the expression inconsistency ratio of

PD-L1 in matched specimens was 36.3%. It can be seen that

extracranial lesions cannot completely replace CNSmetastatic

foci to screen patients for immunotherapy, but tumor tissues of

CNS metastatic foci are difficult to obtain; therefore, it is

necessary to find ideal replacement specimens for immune

microenvironment of CNS metastatic foci.

Use of PD-1/PD-L1 antibodies has been successful in

the treatment of metastatic encephaloma from NSCLC.

However, there is some evidence to indicate that only

20% of unselected patients with brain metastasis respond

to treatment.79 Therefore, accurate selection of patients

who respond to treatment with PD-1/PD-L1 inhibitors is

crucial, and is even more important in the development of

combined treatment with PD-1/PD-L1 inhibitors. PD-L1

expression and high tumor load are currently relatively

certain markers, but are unstable and imperfect predictors.

In addition to PD-1 and PD-L1, immunotherapy mar-

kers also include TIM-3, LAG-3, TIGIT, and TILs. It was

reported that TIM-3 is highly expressed in human GBM

cells and T cells of drug-resistant animals treated with anti-

PD-1, which plays an important role in the process of

immune tolerance and elimination of apoptotic cells.80

Studies have shown that LAG-3 negatively regulates

T cell proliferation and long-lasting memory. Once acti-

vated by its ligand, it can promote tumor cells to escape

from the immune system and accelerate the occurrence

and development of metastatic tumors of the nervous

system.81 TIGIT can suppress the role of immune cells in

cancer immunotherapy in multiple stages, increasing the

probability of brain metastasis.82,83 Drugs enter the body

and kills brain metastases by concentrating the superior

forces of T cells on a limited number of TILs instead of

increasing the total number. Therefore, the number of TILs

in brain metastases may not be a marker of immunother-

apy. Due to limited relevant studies, it is not clear whether

TIM-3, LAG-3, TIGIT, and TILs can be used as markers.

Limitations
Limitations of PD-L1 as a Biomarker
Although expression of PD-L1 protein is the most commonly

used predictive marker of immune efficacy at present, it

still has limitations.84 Immunohistochemical methods are

commonly utilized to detect PD-L1 expression in the clinical

studies of the above-mentioned PD-1/PD-L1 inhibitors.

Nevertheless, due to commercialization of the platform, there

are differences in the detection reagents used.

Detection reagents such as IHC28-8, IHC22C3, SP142,

and SP263 differ greatly in staining mode and intensity, and

are greatly affected by the fixation method, storage mode,

and antigen repair of the detected tissues, which makes it

difficult to systematically analyze the divinable value of the

efficacy of PD-L1.33,34,52,61,85–87 Meanwhile, the predictive

value of PD-L1 expression on different PD-1/PD-L1 sup-

pressants and different NSCLC pathological types may

differ.33,34 According to different immune checkpoint inhi-

bitors and different pathological types, individualized deter-

mination of PD-L1 positive threshold may represent

a solution. However, even in tumor tissues from the same

patient, PD-L1 expression is still heterogeneous in time and

space.88 During the course of disease development, PD-L1

expression has potential fluctuations and is affected by other

factors such as previous chemotherapy or radiotherapy.

Spatially, the expression levels of PD-L1 vary in the

primary tumor and metastasis of the same patient.89

A previous study compared the expression of PD-L1 in

primary and metastatic NSCLC patients, and showed that

the consistency was only 20.8% in patients with PD-L1

expression, ranging from 1% to 50%.89 Even due to the sub

clonal polymorphism of the tumor, there may be heterogene-

ity in the expression of PD-L1 in different parts within the

primary or metastatic foci.90 As a dynamic biomarker, the

expression levels of PD-L1 limits its reliability and repeat-

ability. Finally, studies11,91 have shown that only PD-L1

expressed in the cell membrane has biological significance,

via either dynamic IFN-γ expression or activation of consti-

tutive oncogene. Contrary to oncogene-mediated PD-L1

expression, PD-L1 expression induced by IFN-γ represents

a dynamic biomarker, and appears in active inflammatory

sites. Therefore, it is more reasonable to analyze the connec-

tion between PD-L1 protein on cell membrane and clinical

prognosis than intracellular PD-L1 protein or mRNA.

Limitations of Inhibitors in the Treatment

of Lung Cancer with BMs
The limitations of PD-1/PD-L1 inhibitors in patientswith brain

metastasis of lung cancer can be roughly divided into three

points. First, the study found that some patients with positive

expression of PD-L1 in tumor and positive expression of PD-1

in T cells were not significantly effective after treatment with

PD-1/PD-L1 inhibitors, possibly due to a lack of TNF-α

mediated inflammation in their brain tumors. PD-1/PD-L1
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inhibitors had little effect when TNF-α expression was low in

patients with tumors without inflammatory infiltration.92

Second,whether a patient received radiotherapy prior to taking

the drug is crucial to the efficacy of the PD-1/PD-L1 inhibitors.

A previous clinical study indicated that patients who had not

received radiation before treatment with PD-1/PD-L1 inhibi-

tors had a 44% increased risk of disease progression and a 42%

increased risk of death compared with those who received

radiation.93 Similarly, a follow-up study of the KEYNOTE-

001 trial found that patients who continued to be treated with

PD-1/PD-L1 inhibitors after radiation therapy had almost dou-

ble the PFS and OS compared with those who had not been

treated directly with the inhibitor.94 Third, a clinical trial

showed that PD-1/PD-L1 inhibitors were less effective in

patients with NSCLC who had not smoked.95 Patients with

a history of smoking had anORR of 46% (effective in 30 of 65

patients), comparedwith 27% (effective in 3 out of 11 patients)

for patients without a history of smoking. This is because

cancer cell mutation rates are higher in smokers than in non-

smokers, and cancer cell mutation rates are generally better in

smokers. These limitations may provide two suggestions for

clinical practice. First, patients should be tested for TNF-α
gene and protein levels in brain metastatic tumors prior to

receiving PD-1/PD-L1 immunotherapy. Second, patients

should undergo radiotherapy prior to receiving PD-1/PD-L1

immunotherapy, not only to improve the cure rate but also to

prolong the survival period.

Conclusions
PD-1/PD-L1 immunotherapy is the most concernedmethod of

tumor treatment for patients with advanced brain metastasis.

There is increasing evidence to support the use of PD-1/PD-L1

suppressants in the treatment of brain metastasis of pulmonary

carcinoma. In general, use of a single PD-1/PD-L1 inhibitor is

significantly superior to standard chemotherapy in second-line

therapy, and has become the standard treatment for advanced

NSCLC brain metastasis after first-line chemotherapy failure.

Pembrolizumab has an advantage over other medicines for

first-line treatment. In terms of combined therapy, PD-1/PD-

L1 suppressants plus chemotherapy have obvious advantages,

and combined targeted therapy has great potential. Dual

immune blocking mode has the most obvious effect on

patients with brain metastasis, and other immune combina-

tions need to be explored in future studies.

Traditionally, patients with metastatic encephaloma have

been excluded from clinical trials, which is not conducive to

our understanding of the systematic treatment of CNS

metastases. A systematic analysis of late-stage NSCLC

interventional drug trials formulated on www.ClinicalTrials.

gov showed that only 26% of patients received non-targeted

treatment for cranial metastases.96 A phase II clinical study

(NCT02085070) into use of keytruda in the treatment of

melanoma brain metastases reported that keytruda97 was

effective for brain metastases, and MRI analysis showed

transient pseudo-progression at the beginning, and patholo-

gically confirmed that there were a few tumor cell clusters in

the metastases, accompanied by hemorrhage, reactive stellate

cells, inflammatory cells, and microglia cells. In 2016, early

data from keytruda treatment of patients with melanoma

brain metastasis and NSCLC brain metastasis at the begin-

ning of treatment26 showed effective rates of 22% and 33%,

respectively, and a lasting effect of immunotherapy.

Therefore, systemic immunotherapy is effective for patients

with initial treatment or advanced brain metastasis.

In clinical practice, most patients with brain metastases

eventually die as a result of systemic disease progression

rather than uncontrolled intracranial lesions. Therefore,

treatment of metastatic encephaloma of NSCLC patients

is coordinated with systemic treatment. It is believed that

a better understanding of PD-1 immunotherapy will bene-

fit NSCLC patients with brain metastasis.
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