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Review Article

Abstract
Brain metastasis (BM) is a common form of cancer that affects the central nervous system and has a 
significant impact on the life expectancy and quality of patients. Despite conventional treatments like surgery, 
chemotherapy, and radiotherapy, managing BM is challenging, and success rates are low. Immune checkpoint 
inhibitors (ICIs) have emerged as promising new therapies for advanced cancers and work by reversing the 
immune-evasive characteristics of tumor cells. ICIs have shown efficacy in various malignancies, prompting 
researchers to evaluate their efficacy in BM. Previously, the exclusion of BM patients from clinical trials was 
common due to the brain's immune-privileged nature. However, recent studies have demonstrated immune 
cell trafficking in and out of the brain, leading to several studies investigating the ICIs' application in BM 
patients. This study aimed to provide further evidence supporting the beneficial effects of ICIs in treating 
BM, as evidenced by improved response duration and survival time.
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Introduction
Brain metastases (BM) are the most common 

form of malignant tumor in the central nervous 
system (CNS), occurring in approximately 20–
40% of patients with cancer (1). Although nearly 
all types of malignancies can metastasize to the 
brain, BMs mainly originate from the lungs (≥ 
50%), breasts (15–25%), skin (melanoma) (5–
20%), and less frequently, kidneys, testes, colon, 
rectum, and thyroid (1). Various treatments are 
used in different stages of primary and metastatic 
brain tumors, including oral or intravenous ste-
roids for reducing intracranial edema, surgical 
resection, stereotactic radiosurgery (SRS), whole 
brain radiotherapy (WBRT), and chemotherapy 
(CT) (2-10). However, these treatments are not 
without their drawbacks. For instance, surgical 
resection can be mainly performed in patients 
with a single BM in surgically accessible locations 
and is also associated with a high rate of local 
recurrence (8). Steroid therapy is also associat-
ed with intracranial and systemic adverse events 
(AEs), including immunosuppression, glucose 
intolerance, cushingoid appearance, and myopa-
thies (11). Hence, current therapies for BM seem 
relatively inadequate, emphasizing the need for 
modifying the present treatment paradigm.

A strong correlation has been found between 
the immune system and the CNS, as the immune 
system plays substantial roles in various brain 
pathophysiological processes, including cerebral 
edema, neurodegeneration, and neurogenesis 
(12-16). In this context, different therapeutic op-
tions targeting various immune system compo-
nents have been applied to a wide variety of CNS 
abnormalities, including multiple sclerosis, neu-
rodegenerative diseases, traumatic brain injury, 
stroke, and primary and metastatic brain tumors 
(4, 9, 17-21). A primary group of immune sys-
tem components that can be used as therapeutic 
targets in different cancers, such as CNS tumors, 
are immune checkpoint (IC) proteins. ICs induce 
inhibitory pathways, resulting in the immune 
system’s self-tolerance and minimizing autoim-
munity (22). However, these immune inhibitory 
features of ICs can be exploited by tumor cells 
to escape the immune response, leading to their 
growth and invasiveness. Therefore, the blockade 
of the ICs might serve as a rational approach to 
reverse the tumor’s survival mechanisms (23). In 

this regard, immune checkpoint inhibitors (ICIs) 
have been developed. They exert their anti-tumor 
effects by blocking the interaction between ICs 
and their ligands, thereby facilitating the recog-
nition and neutralization of tumor cells by the 
immune system (24, 25). To date, the most fre-
quently utilized ICIs are programmed cell death 
protein 1 (PD-1) inhibitors, PD ligand 1 (PD-L1) 
inhibitors, and cytotoxic T-lymphocyte-associat-
ed protein 4 (CTLA-4) inhibitors (24).

The discovery of ICIs has led to significant 
progress in the treatment of a broad spectrum of 
cancers, like classical Hodgkin’s lymphoma, met-
astatic melanoma, colorectal cancers, renal cell 
carcinoma (RCC), squamous cell carcinoma of 
the head and neck (SCCHN), metastatic urothe-
lial carcinoma, and hepatocellular carcinoma 
(26). Additionally, ICIs have shown acceptable 
efficacies in managing BM from various origins, 
including melanomas, RCC, and non-small cell 
lung cancers (NSCLCs) (27). In addition, ICIs 
and other cancer therapies, including radiother-
apy (RT), surgery, and other systemic therapies 
(i.e., mitogen-activated protein kinase (MAPK) 
inhibitors in melanoma and epidermal growth 
factor receptor (EGFR) and anaplastic large-cell 
lymphoma kinase (ALK) inhibitors in NSCLC), 
have shown synergistic impacts on improving the 
course of BM (27-30). 

Given the exclusion of many patients with ac-
tive BM in most clinical trials assessing ICIs ef-
fects, the data on the role of ICIs in BM is rela-
tively underdeveloped compared to extra-cranial 
metastases. Hence, this study aims to comprehen-
sively overview the existing clinical data regarding 
the efficacy of ICI treatment in patients with BM. 
First, we provided an overview of ICI types and 
their role in cancers. Second, we discussed their 
roles in BM. Then four major ICI categories used 
in BM and the most important medications in 
each category were discussed separately, includ-
ing PD-1 inhibitors (pembrolizumab, nivolumab, 
cemiplimab), PD-L1 inhibitors (atezolizumab, 
durvalumab, avelumab), CTLA-4 inhibitors (ip-
ilimumab, tremelimumab), and lymphocyte-ac-
tivation gene 3 (LAG-3) inhibitors (relatlimab). 
The role of combination therapies for treating 
BM, including dual immunotherapy or the com-
bination of immunotherapy with conventional 
approaches, was also reviewed.  
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ICs and ICIs in Cancers
ICs are regulatory proteins of the immune sys-

tem that maintain self-tolerance and prevent au-
toimmune tissue damage (22). However, since 
cancer cell growth is associated with immune 
suppression, the inhibitory effects of ICs on the 
immune system could potentiate cancer cells to 
grow and spread, resulting in the development 
of tumors and metastases (31). Tumor cells can 
activate different IC pathways that establish im-
munosuppression, facilitating their escape from 
the immune system (31). Therefore, the blockade 
of IC pathways by designing ICIs can potentially 
prevent the invasion and survival of tumor cells 
(31). To date, various types of IC proteins and 
their associated inhibitors have been recognized 
and developed.

PD-1, a transmembrane protein belonging to 
the cluster of differentiation (CD) 28 family, is 
present on the surface of T cells, B cells, natural 
killer (NK) cells, and NK-T cells (32). PD-1 can 
attach to two types of ligands, including PD-L1 
(B7-H1, CD274), mainly expressed on T cells, 
tumor cells, antigen-presenting cells (APCs), fi-
broblasts, and endothelial cells, and PD-L2 (B7-
DC, CD273), which is mainly expressed on the 
surface of B-cells, dendritic cells, macrophages, 
and monocytes (33, 34). The binding of PD-1 to 
PD-L1 results in the apoptosis of antigen-specific 
T cells and prevents autoimmunity. However, this 
process can also allow the evasion of tumor cells 
from the immune system (34). Summarily, PD-1 
or PD-L1 inhibitors exert their anti-tumor effects 
by blocking the PD-1 and PD-L1 interactions and 
thereby activating tumor-suppressing T cells (34).

CTLA-4, a cell surface receptor of the CD28 
family, is another IC expressed on various im-
mune cells, like T cells, B cells, NK cells, and 
NK-T cells (32). CTLA-4 residing on inactivated 
T cells competes with the T cells’ CD28 receptors 
to bind to CD80/86 on APCs, causing T cells to 
remain in their inactive conditions (34). In this 
regard, CTLA-4 inhibitors facilitate the attach-
ment of CD28 to CD80/86 by blocking the bind-
ing of CTLA-4 and CD80/86, resulting in T-cell 
activation and consequently tumor cell detection 
and destruction (34). 

LAG-3 (CD223) is another IC, located on ac-
tivated T cells, B cells, and NK cells (32). This 

protein competes with CD4 receptors for binding 
to major histocompatibility complex (MHC)-II, 
interfering with CD4 function (32). For instance, 
the expression of MHC-II molecules on human 
melanoma cancer cells is considered a poor prog-
nostic factor (35), as the binding of MHC-II and 
LAG-3 (expressed on melanoma-infiltrating T 
cells) can suppress the immune response, result-
ing in the immune evasion of the tumor cells (32, 
35). Hence, blocking the interaction of MHC-II 
and LAG-3, through designed anti-LAG-3 agents, 
can facilitate the detection of tumor cells by the 
immune system (36). Figure 1 presents different 
interactions between ICs (PD-1, PD-L1, CTLA-4, 
and LAG-3) and their ligands, and also the inhib-
itory effects of ICIs on these interactions. 

ICs and ICIs in Brain Metastasis 
Despite advancements in multimodality strate-

gies, including surgery, CT, and RT, BMs are still 
challenging to treat (37-39). Following the dis-
covery of immune cell trafficking in and out of 
the CNS, immunotherapy (treatment with ICIs, 
such as anti-PD-1, anti-PD-L1, anti-CTLA-4, and 
anti-LAG-3 antibodies) has brought new hopes 
for patients with BM, particularly those without 
druggable mutations (40-46). Accordingly, a large 
study by Amin et al. among patients who received 
definitive surgery for the primary cancer site, 
showed that the overall survival (OS) of those 
who received immunotherapy plus any treat-
ment was better than that of those who received 
no immunotherapy (47). Moreover, a study on a 
huge number of patients with BM revealed im-
proved survival with ICIs in those with melano-
ma brain metastasis (MBMs), NSCLC-BMs, and 
triple-negative breast cancer (TNBC)-BMs (46).
Table 1 and Table 2 provide comprehensive in-
formation on studies investigating the effects of 
ICIs in patients with BM. The following informa-
tion was extracted for each study: study-related 
characteristics (author, year, study type), primary 
tumor type, ICI or other utilized treatment ap-
proaches, outcome measures and main findings 
(including complete response [CR], partial re-
sponse [PR], objective response [OR], best overall 
response rate [BORR], progression-free survival 
[PFS], overall survival [OS], etc.), and treat-
ment-related AEs (tr-AEs). 
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Figure 1. The Interactions between ICs and ICIs on the surface of T Cells, APCs, and Tumor Cells. ICIs block the 
interaction of PD-1, CTLA-4, LAG-3 with PD-L1, CD80/86, and MHC-II, respectively. Consequently, TCR and CD28 
bind to MHC-II and CD80/86, respectively, resulting in the detection and neutralization of tumor cells. 
Abbreviations: APC, antigen presenting cell; CD, cluster of differentiation; CTLA-4, cytotoxic T-lymphocyte associated 
protein-4; IC,immune checkpoint; ICI, immune checkpoint inhibitor; LAG-3, lymphocyte activation gene-3; MHC, ma-
jor histocompatibility complex; PD-1, programmed cell death protein-1; PD-L1, programmed cell death protein ligand-1; 
TCR,T-cell receptor.

PD-1 and PD-L1 Inhibitors in Brain Metastasis 
PD-1 is an immunosuppressive component 

on the surface of tumor-infiltrating lympho-
cytes (TILs), NK cells, and innate lymphoid cells, 
which is crucial to boost the host's immune-me-
diated-antitumor response by downregulating 
the immune system and promoting self-tolerance 
(48, 49). PD-L1, its ligand, is overexpressed on 
the surface of malignant tumor cells (48). PD-1/
PD-L1 binding inhibits PD-1 positive cell prolif-
eration, resulting in tumor immune evasion and 
treatment failure (48, 49). Therefore, targeting the 
PD-1/PD-L1 signaling pathway with inhibitory 
monoclonal antibodies against PD-1 has emerged 
as an issue of interest for immunotherapy of var-
ious types of malignancies, including primary 
and metastatic melanoma (46, 50-93), NSCLC 
(such as adenocarcinoma and squamous cell car-
cinoma [SCC]) (46, 50, 54, 55, 94-134), RCC (46, 
50, 55, 135-144), gastrointestinal malignancies 
(145, 146), breast cancer (46, 147), cervical can-
cer (148), and hematologic malignancies (149). 
There are also reports of patients with other types 
of malignancies with BM, in whom favorable 
outcomes are reported following treatment with 
PD-1 or PD-L1 inhibitors, including pulmonary 
large-cell neuroendocrine carcinoma (150), giant 
cell carcinoma of the lung (151, 152), metastat-
ic primary pulmonary melanoma (153), SCCHN 

(154), spindle cell SCC (155), parotid carcinoma 
(156), porocarcinoma (157), metastatic castra-
tion-resistant, mismatch repair-deficient prostate 
cancer (158), widely metastatic sebaceous carci-
noma (159), and advanced male primary chorio-
carcinoma (160). Notably, the wide use of PD-1 
inhibitors across an array of cancer types is most-
ly based on clinical trials with specific eligibility 
criteria, limiting its generalizability to specific 
populations such as the elderly, patients with au-
toimmune conditions, patients with organ trans-
plant, organ dysfunction, and BM (particularly, 
symptomatic or progressive BM) (161). However, 
real-world data have indicated acceptable PD-1 
inhibitors’ safety and efficacy among different 
populations of trial-ineligible patients (i.e., elder-
ly), except for solid organ transplant recipients 
(161-164). 

Various approaches have been adopted to in-
vestigate the anti-tumor effects of PD-1 inhibi-
tors, including PD-1 inhibitors monotherapy (98, 
109, 112, 113, 165, 166) or combination therapies 
with other ICIs (CTLA-4 inhibitors (56, 57, 79, 
80, 83, 91, 92, 123, 141, 167, 168), LAG-3 inhibi-
tors (169, 170), and indoleamine 2 3-dioxygenase 
1 inhibitors (171)), targeted therapies (tyrosine 
kinase inhibitors [TKIs], v-raf murine sarcoma 
viral oncogene homolog B1 [BRAF] inhibitors, 
and MAPK kinase (MEK) inhibitors (56, 140, 
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Table 1. Prospective clinical trials assessing the efficacy of ICIs in BM.
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172), anti-angiogenic agents (i.e., bevacizumab) 
(111)), CT (99, 123, 173, 174), RT (stereotactic 
RT (SRT) or WBRT) (50, 53, 55, 68, 69, 74, 78, 95, 
100-102, 175-178), surgery (179), and SRS (50, 
58, 59, 66, 69, 71, 72, 88, 102, 147, 180-189). A 
combination of CNS-directed and systemic treat-
ment seems to improve survival in patients with 
BMs (185). However, findings regarding the best 

treatment strategy for BMs are still contradictory 
(52-56, 58, 66, 80, 85, 95, 100, 101, 177, 182, 183, 
185, 190-192). 

Various prognostic factors have been suggested 
in patients with BMs treated with PD-1 inhibi-
tors (54, 94, 100, 108, 168, 193-196). According to 
Naik et al., baseline score > 1 in diagnosis-specific 
graded prognostic assessment (DS-GPA), as well 
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as a neutrophil-to-lymphocyte ratio < 4 were sig-
nificant predictors of long-term survival to PD-1 
inhibitors in patients with MBM who had not 
previously received anti-PD-1 therapy (168). Ac-
cording to Zeijl et al. Eastern Cooperative Oncol-
ogy Group Performance Status (ECOG-PS) ≥1, 
symptomatic BMs, liver metastasis, and elevated 
LDH were important survival prognostic factors 
among patients with advanced melanoma treated 
with first-line anti-PD-1 therapy (193). Another 
study by Lee et al. among patients with MBMs 
suggested circulating tumor DNA (ctDNA) as 
a strong prognostic biomarker in patients with 
concurrent extracranial disease. However, ctD-
NA was unable to identify or monitor intracranial 
disease activity (194). Turiello et al. suggested the 
prognostic value of serum CD73 in patients with 
advanced melanoma receiving anti-PD-1 (195). 
Trommer et al. indicated the following indepen-
dent survival predictors in patients with BMs 
treated with combined RT and anti-PD-1 thera-
py; concurrent RT- and ICI, ECOG-PS = 0, and 
BM volume ≤ 3 cm3 (54). According to Huang et 
al., being a never smoker and an ECOG ≥ 2 were 
adverse OS prognostic factors among patients 
with lung cancer-BMs treated with anti-PD-1 ± 
RT (100). Furthermore, the authors suggested a 
lack of concurrent brain RT as an independent 
prognostic factor of a shorter intracranial PFS 
(iPFS) (100). Steroid use is another suggested 
poor prognostic factor in patients with advanced 
NSCLC-BMs and PD-L1 expression > 50%, who 
were treated with first-line pembrolizumab (108). 
Other suggested adverse prognostic factors in-
clude active BMs, use of anti-PD-1 in later lines, 
worsened performance status, Karnofsky Perfor-
mance Status of < 90, higher LDH level, elevated 
protein S100B levels, higher total metabolic tu-
mor volume, as well as lower albumin, absolute 
lymphocyte count, not developing irAEs, steroid 
use, platinum resistance, etc. (61-63, 85, 108, 112, 
127, 132). From a molecular point of view, Zhou et 
al. indicated that lower stromal CD8+ TIL num-
ber in NSCLC-BMs was significantly associated 
with shorter OS (196). Consistently, according 
to Kluger et al., most pembrolizumab responder 
patients with asymptomatic MBMs had higher 
pretreatment tumor CD8+ cell density and PD-
L1 expression (64). Notably, Descourt et al. sug-
gested that BM was not an independent negative 

factor for OS among first-line single-agent pem-
brolizumab receivers with PD-L1-positive (tumor 
proportion score ≥ 50%) advanced NSCLC (104). 
Similarly, Metro et al. suggested that the presence 
of BM per se was not associated with a worse out-
come in NSCLC patients receiving pembrolizum-
ab monotherapy (112). 

Albeit their clinical benefits, an array of irAEs 
have also been reported with PD-1 inhibitors, 
such as thyroiditis, pneumonitis, colitis, hepati-
tis, mucositis, pancreatitis, hypothyroidism, ad-
renal insufficiency, etc. (57, 197). Thromboem-
bolic events have also been increasingly reported 
as AEs associated with ICSs (198, 199). A large 
study on patients with BM revealed a significant-
ly increased incidence of status epilepticus since 
the approval of ICIs in 2014 (200). Other neu-
rologic AEs include gait disturbances, headache, 
cognitive dysfunction, seizure, etc. (64). There 
are also reports of less common AEs, including 
occasional hypopituitarism, diffuse pneumonitis 
following coronavirus HKU1, leptomeningeal 
carcinomatosis, radiation-induced vasculitic leu-
koencephalopathy, hyper-progression (acute pro-
gressive disease without subsequent regression), 
pseudo-regression, myasthenic-like syndrome, 
asymptomatic reversible CNS demyelination, 
thrombocytopenia, severe exacerbation of the 
primary disease, and bullous pemphigoid (54, 59, 
67, 188, 197, 201-214). Notably, studies have sug-
gested an association between developing irAEs 
and PD-1 inhibitors efficacy, which may depend 
on the type and severity of toxicity, as well as the 
timing of irAE onset (54, 105, 215-218). Accord-
ing to Otsuka et al., irAEs might be correlated 
with improved survival in patients with advanced 
mucosal melanoma on nivolumab monotherapy 
(216). According to Zhang et al., irAE was an in-
dependent predictor of longer OS, and systemic 
and intracranial time to treatment failure (TTF) 
(105). On the other hand, specific AEs of ICIs, 
such as thromboembolic complications, are asso-
ciated with worsening survival (198). Additional-
ly, when used as combination therapies, specific 
considerations are required regarding the AEs. 
For instance, radionecrosis is considered signifi-
cant toxicity in patients with BMs treated with RT 
-anti-PD-1 combination (207). However, evaluat-
ing a series of 17 NSCLC patients with 49 BMs 
treated with stereotactic radiation (SRS or frac-
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tionated stereotactic radiation therapy) before, 
during, or after nivolumab/durvalumab thera-
py, Ahmed et al. found no evidence of increased 
toxicity when anti-PD-1/PD-L1 treatments were 
combined with stereotactic radiation to the brain 
(132). 

Treatment failure and poor efficacy with PD-1 
inhibitors (i.e., developing new metastatic brain 
lesions or intracranial progression of the previous 
BMs) have also been reported among patients 
with BMs on PD-1 inhibitors (98, 139, 140, 219-
221). In a study by Schvartsman et al., 8.6% of 
patients with MM without prior MBM developed 
BM while on anti-PD-1 therapy (221). Among 
those with prior MBMs, 45.3% progressed in-
tracranially while receiving anti-PD-1 (221). The 
authors suggested that PD-1 inhibitors may alter 
the natural history of patients with preexisting 
MBMs (221). According to Lau et al., second-line 
ipilimumab-nivolumab for MBM after progres-
sion with BRAF-MEK inhibitors showed poor 
efficacy, with an intracranial response rate of 
4.8% (1/21) and median PFS of 1.3 months (222). 
Wang et al. suggested a potential survival bene-
fit with first-line BRAF/MEK inhibitor therapy 
compared to first-line anti-PD-1 therapy for pa-
tients with BRAF-mutated MBMs (223). Ishihara 
et al. suggested a higher incidence of newly devel-
oping BM in RCC in patients receiving nivolum-
ab compared to those who received second or 
later-line TKIs (220). Evaluating 24 patients with 
active BMs, Tozuka et al. suggested poor efficacy 
of anti-PD-1/anti-PD-L1 in NSCLC patients with 
active BMs (98). The authors also suggested the 
efficacy of anti-PD-1/PD-L1 may be lower for in-
tracranial than for extracranial tumors (98). 

Pembrolizumab 
Melanoma

In 2015, first-line PD-1 inhibitors were ap-
proved by the food and drug administration 
(FDA) and National Comprehensive Cancer Net-
work for patients with stage IV melanoma, result-
ing in substantial OS improvement among these 
patients, including those with BM (60). Never-
theless, according to a nationwide study, 38% of 
US patients were not receiving first-line ICIs as 
of 2019 (60). In 2019 and 2021, pembrolizumab 
received FDA approvals for adjuvant treatment 
of patients with melanoma with lymph node in-

volvement following complete resection (FDA 
approves pembrolizumab for adjuvant treatment 
of melanoma | FDA) and stage IIB or IIC mel-
anoma following complete resection (FDA ap-
proves pembrolizumab for adjuvant treatment of 
Stage IIB or IIC melanoma  | FDA), respectively. 
These approvals were based on the results from 
EORTC1325/KEYNOTE-054 (NCT02362594 
(224-226)) and KEYNOTE-716 (NCT03553836 
(227-229)) trials. 

Several studies have evaluated the safety and 
efficacy of pembrolizumab among patients with 
primary and metastatic melanoma (61-71). Ac-
cording to a phase-II clinical trial (NCT02085070; 
2019), pembrolizumab has acceptable toxicity 
and produces long-lasting effects when treating 
untreated, asymptomatic, and small-size (5-20 
mm) MBM  (64). The authors reported a simi-
lar two-year survival in this subgroup of patients 
to that in patients without BM (64). Additional-
ly, all patients with extracerebral responses had 
CNS responses, too (64). Their findings were 
consistent with the interim results from this tri-
al published in 2016 (NCT02085070; 2016) (70). 
Compared to other studies of pembrolizumab, 
the NCT02085070 clinical trial indicated rela-
tively low BM response rates for MBM (2016: 
22%, 2019: 26%) or NSCLC-BMs (2016: 33%) 
(64, 70). The authors speculate this may under-
state pembrolizumab clinical benefit and reflect 
the difficulties of conducting clinical trials in this 
population (70). The authors also mentioned the 
necessity of combination therapy strategies and 
biomarker development to improve the patient’s 
outcomes (70). 

Regarding the combination therapy strate-
gies, Nardin et al. revealed local lesional control 
of 80% and prolonged OS with acceptable toler-
ance in patients with MBM treated with the pem-
brolizumab-SRS combination (66). Consistently, 
Anderson et al. revealed the safety and efficacy 
of concurrent pembrolizumab-SRS in reducing 
MBM size among patients who had progression 
on multiple prior systemic therapy courses (69). 
The authors suggested concurrent pembrolizum-
ab-SRS outperforms ipilimumab-SRS combina-
tion and SRS without concurrent IT (69). Radi-
ation necrosis of the brain (RNB) is one of the 
AEs that should be considered in patients treated 
with RT-anti-PD-1 combination therapy (66, 67). 
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Evaluating pembrolizumab-receiver patients with 
MBM who were previously treated with RT, Du 
Four et al. indicated an RNB incidence of 12.8% 
(after a median follow-up of 50 months) in these 
patients (67). Nardin et al. reported RNB in 6.8% 
of the MBMs treated with the pembrolizum-
ab-SRS combination  (66). 

Non-Small-Cell Lung Cancer 
Following the results of the phase-III ran-

domized trials of KEYNOTE-024 (PD-L1 tumor 
proportion score [TPS] ≥ 50%) (NCT02142738; 
2016 (230)) and KEYNOTE-042 (PD-L1 TPS 
≥ 1%) (NCT02220894; 2019 (118)), pembroli-
zumab was approved as the first-line treatment 
of patients with metastatic NSCLC who are not 
candidates for surgical resection or definitive 
chemoradiation, and their tumors express PD-L1 
(TPS ≥1%) without EGFR or ALK genomic aber-
rations (FDA expands pembrolizumab indication 
for first-line treatment of NSCLC (TPS ≥1%) | 
FDA) (117, 118, 120). Real-life observations were 
also almost comparable with pivotal clinical tri-
als (115, 116). Surveys conducted to evaluate the 
safety and efficacy of pembrolizumab in patients 
with NSCLC-BM are mostly based on real-world 
data since these patients have been excluded from 
most trials (particularly those with symptomatic 
or progressive BMs) (70, 96, 97, 103-116, 119). 
Nevertheless, clinical trials also indicated the 
beneficial effects of pembrolizumab in patients 
with NSCLC-BM (107, 109, 114). 

A real-world study (ESCKEYP GFPC study) 
on 845 patients with PD-L1-positive (TPS ≥ 50%) 
advanced NSCLC who initiated first-line treat-
ment with pembrolizumab, of whom 176 (20.8%) 
had BMs revealed no significant differences in 
PFS, OS, or the ORR in patients with and with-
out BMs (ORR: 47% and 45%, respectively) (104). 
Their findings were in line with a previous study 
by Sun et al., revealing no significant surviv-
al difference between NSCLC patients with and 
without BM after treatment with pembrolizum-
ab (106). These findings suggest not immediately 
excluding patients with BM from pembrolizum-
ab-based therapies since they may not have a low-
er chance of survival (106). Consistently, Metro 
et al. recommended that BM presence does not 
imply a poorer pembrolizumab antitumor ac-
tivity in patients with NSCLC-BM treated with 

first-line pembrolizumab (patients with BMs vs. 
without BMs; ORR: 39.2% vs. 44.4% (P = 0.48), 
OS: 9.9 vs. 26.5 months (P = 0.05), and TTF: 4.2 
vs. 10.8 (P  = 0.06)) (112). Evaluating 30 patients 
with non-oncogene addicted NSCLC (i.e., EGFR- 
and ALK-negative) with PD-L1 TPS ≥ 50% and 
asymptomatic BMs who were treated with pem-
brolizumab ± RT, Metro et al. suggested the effi-
cacy of upfront pembrolizumab in this subgroup 
of patients (97). According to Frost et al., while 
upfront pembrolizumab resulted in durable re-
sponses in NSCLC patients with asymptomatic 
BMs, those with symptomatic BMs did not take 
such a benefit (110).   

After reporting the primary results of a phase-
II trial of pembrolizumab (NCT02085070) in 18 
patients with NSCLC-BM and 18 patients with 
MBM in 2016 (70), Goldberg et al. published an 
updated analysis of the full NSCLC cohort (N= 
42) with BM (5 - 20 mm) in 2020 (114). Con-
firmed BM response was observed in 29·7% of 
patients with PD-L1 TPS ≥ 1%, which met the 
prespecified success criteria for the trial (114). 
Notably, PD-L1 and TIL biomarker analyses re-
vealed no statistically significant association be-
tween both PD-L1 expression and TIL levels with 
the response or PFS (114). Results regarding the 
OS did not also reach statistical significance (114). 
Additionally, targeted messenger ribonucleic acid 
(mRNA) immune profiling of 23 tumor biopsies 
showed that compared to the non-responders, 
pembrolizumab-responders’ tumors had signifi-
cantly higher pro-inflammatory genes levels, in-
cluding key effector molecules and chemokines 
such as Granzyme-B, C-X-C Motif Chemokine 
9 (CXCL9), CXCL10, and granulysin (114). Of 
note, this trial lacked a control arm (treats pa-
tients with radiation followed by systemic thera-
py), making it difficult to conclude which strategy 
is superior (114). 

A pooled analysis of KEYNOTE-001 
(NCT01295827), 010 (NCT01905657), 024 
(NCT02142738), and 042 (NCT02220894) re-
vealed improved outcomes with pembrolizumab 
monotherapy in patients with PD-L1-positive 
(TPS ≥ 1% and TPS ≥ 50%) NSCLC with BMs 
(109). According to the authors, compared to CT, 
pembrolizumab monotherapy improved OS, PFS, 
ORR, and response duration, with lower treat-
ment-related adverse events (trAEs) regardless of 
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the presence of treated, stable baseline BMs (109). 
Notably, the authors found greater beneficial ef-
fects of pembrolizumab in patients with PD-L1 
TPS ≥ 50% vs. those with TPS ≥1% (109). Con-
cerning the combination therapies, a recent pooled 
analysis of KEYNOTE-021 (NCT02039674; 2016 
(231)), KEYNOTE-189 (NCT02578680; 2018 
(232)), and KEYNOTE-407 (NCT02775435; 
2018 (233)) indicated a higher ORR and longer 
response duration with pembrolizumab plus CT 
versus CT alone, across all PD-L1 subgroups (< 
1%, 1-49%, and ≥50%) and irrespective of BM 
status (107). The authors suggested the use of 
pembrolizumab plus platinum-based histolo-
gy-specific CT for treatment-naive patients with 
advanced NSCLC, including those with stable 
BMs (107). In line with this study, Afzal et al. pre-
viously had indicated a higher ORR, and a lower 
proportion of patients with BM progression in 
NSCLC patients treated with carboplatin/peme-
trexed plus pembrolizumab compared to those 
treated with carboplatin/pemetrexed alone (96). 

Renal Cell Carcinoma 
While the FDA has approved pembroli-

zumab-axitinib and pembrolizumab-lenvati-
nib combinations for metastatic RCC based on 
KEYNOTE-426 (NCT02853331; 2019 (234)), 
KEYNOTE-564 (NCT03142334; 2021 (235)), 
and CLEAR (Study 307/KEYNOTE-581; 
NCT02811861, 2021 (236)) (FDA approves pem-
brolizumab for adjuvant treatment of renal cell 
carcinoma | FDA; FDA approves pembrolizumab 
plus axitinib for advanced renal cell carcinoma 
| FDA; FDA approves lenvatinib plus pembroli-
zumab for advanced renal cell carcinoma | FDA), 
to our knowledge these key clinical studies in pa-
tients with metastatic RCC did not include indi-
viduals with BM or did not separately disclose the 
results in the subgroup of patients with BMs.

Breast Cancer and Other Cancer Types
Recently, pembrolizumab was approved for 

high-risk early-stage TNBC, according to the 
phase-III trial KEYNOTE-522 (NCT03036488; 
2020 (237)). Subsequently, based on the results 
of the KEYNOTE-355 trial (NCT02819518; 2022 
(238)) (with 3% of patients with stable and treat-
ed breast cancer-BM [BCBM]), pembrolizumab 
combined with CT was approved as the first-line 

treatment for patients with PD-L1 positive ad-
vanced triple-negative breast cancer (Pembroli-
zumab for Advanced Triple-Negative Breast Can-
cer - NCI). However, CNS-specific results have 
not been reported separately for patients with BM 
(239). 

Albeit limited to case reports, pembrolizumab 
has also shown to be a possible promising treat-
ment option for other types of cancers with BM, 
including pulmonary large cell neuroendocrine 
carcinoma (150), breast cancer (240), mismatch 
repair-deficient prostate cancer (158), refractory 
male primary choriocarcinoma (160), spindle cell 
SCC (155), metastatic porocarcinoma (157), gi-
ant cell carcinoma of the lung (151), non-small 
cell lung carcinoma with giant cell features (152), 
microsatellite-stable metastatic sebaceous carci-
noma (159), metastatic primary pulmonary mel-
anoma (153), and gastric cancer with BMs (146). 
Further investigations are required to determine 
the safety and efficacy of pembrolizumab among 
these individuals. 

Nivolumab
Melanoma 

A combination of nivolumab and relatlimab, a 
LAG-3 inhibitor, has been FDA approved since 
March 18, 2022, for the treatment of patients aged 
≥ 12 years old with unresectable or metastatic 
melanoma (FDA approves Opdualag for unre-
sectable or metastatic melanoma | FDA). Accord-
ing to phase-II and phase-III studies, nivolumab 
seems to be one of the most effective treatment 
options for patients with asymptomatic BM, par-
ticularly when combined with therapies such as 
ipilimumab (80, 82, 83, 86, 87, 91, 92). Neverthe-
less, symptomatic MBM remains difficult to treat 
(79, 80). While PD-1 inhibitors are established as 
adjuvant therapy in high-risk resected stage III or 
IV melanoma (241), Rassy et al. also suggested 
the use of ICIs in “early disease” to prevent CNS 
metastasis (242). A retrospective bicentric anal-
ysis of 293 patients with metastatic melanoma 
suggested the protective role of anti-PD-1 by low-
ering the risk of BMs by almost 70% (243). Neo-
adjuvant use of nivolumab for resectable stage III 
melanoma is currently limited to clinical trials 
(NADINA study, NCT04949113; estimated study 
completion date: January 2027) (Neoadjuvant Ip-
ilimumab Plus Nivolumab Versus Standard Adju-
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vant Nivolumab in Macroscopic Stage III Mela-
noma - Full Text View - ClinicalTrials.gov) (241). 

Several studies have assessed nivolumab safety 
and efficacy in MBM (72-80, 83, 84, 86-88, 91-93), 
either as monotherapy or in combination with ip-
ilimumab (76, 77, 79, 80, 82, 91, 92), SRT (74, 78, 
81, 85, 90), CT (83), and SRS (88, 93). Results from 
a multicenter randomized phase-II study (ABC 
trial; NCT02374242; 2018) revealed nivolumab 
activity, as monotherapy or in combination with 
ipilimumab, in immunotherapy-naive patients 
with active asymptomatic MBM with no previ-
ous local brain therapy (92). The authors report-
ed intracranial response rates of 46% and 20% in 
patients treated with nivolumab plus ipilimum-
ab and nivolumab alone, respectively (92). The 
corresponding values for complete response rate 
were 17% and 12%, supporting the nivolumab-ip-
ilimumab combination as the first-line therapy 
for patients with asymptomatic untreated MBM 
(92). The 5-year follow-up data from all patients 
enrolled in the ABC trial (NCT02374242; 2021) 
corroborated durable responses in most of the pa-
tients with MBM treated with upfront ipilimumab 
plus nivolumab (82). In line with these findings, 
the CheckMate 204 clinical trial (NCT02320058; 
2018) confirmed the concordant intracranial and 
extracranial activity of the nivolumab-ipilimum-
ab combination in patients with untreated MBM, 
with intracranial and extracranial clinical benefit 
rates (CBR) of 57% and 56%, respectively (benefit 
rate is defined as the percentage of patients who 
achieved CR, PR, or had stable disease [SD] for 
at least six months) (91). The authors also report-
ed a similar safety profile of this regimen in mel-
anoma patients with and without BM (91). The 
NIBIT-M2 study (NCT02460068; 2021), a recent 
phase-III clinical trial, compared the safety and 
efficacy of ipilimumab plus fotemustine (cohort 
A) and ipilimumab plus nivolumab (cohort B) 
to fotemustine without IT (cohort C) in patients 
with BRAF wild-type or mutant melanoma with 
active, untreated, asymptomatic BM (83). In this 
study, Di Giacomo et al. indicated median OSs 
of 8.5, 8.2, and 29.2 months in the fotemustine 
arm, ipilimumab plus fotemustine arm, and ip-
ilimumab plus nivolumab arm (83). Compared 
to fotemustine, ipilimumab plus nivolumab was 
significantly associated with a better median OS, 
as well as a better 4-year survival rate (83). The 

final 3-year follow-up data analysis of CheckMate 
204 (NCT02320058; 2021) evaluated 101 patients 
with asymptomatic (cohort A) and 18 patients 
with symptomatic MBMs (cohort B) (80). The 
authors found intracranial CBR of 57·4% and 
16·7% in cohorts A and B, respectively (80). Intra-
cranial ORRs (iORRs) were 53.5% and 16.7% in 
asymptomatic and symptomatic MBMs, respec-
tively (80). While the observed durable 3-year 
response, OS, and PFS rates among those with 
asymptomatic MBM supported the first-line use 
of nivolumab-ipilimumab combination therapy, 
treatment of symptomatic MBM is still challeng-
ing and requires alternative approaches to reduce 
corticosteroids dependency (79, 80). However, 
some patients with symptomatic disease may also 
benefit from a long-term response with this com-
bination (80). 

Studies on the best dosage of the nivolumab-ip-
ilimumab combination are very limited (76, 89). 
A recent meta-analysis compared the safety pro-
file of two different nivolumab-ipilimumab com-
bination regimens; the N1I3 regimen suggested 
by Tawbi et al. (nivolumab 1 mg/kg plus ipilim-
umab 3 mg/kg every three weeks for four doses) 
(80) vs. the N3I1 regimen (nivolumab 3 mg/kg 
plus ipilimumab 1 mg/kg every three weeks for 
four doses) (76, 244). According to the results, the 
N3I1 regimen more frequently induced any AEs 
(96% vs. 85%, P = 0.003), grade ≥ 3 AEs (64% vs. 
36%, P < 0.001), and serious AEs (61% vs. 48%, 
P = 0.004), as well as hepatic dysfunction, diar-
rhea, colitis, and pyrexia (76, 244). Previously, 
a phase IIIb/IV clinical trial of CheckMate 511 
(NCT02714218; 2019) among patients with pre-
viously untreated, unresectable stage III/IV mela-
noma had achieved consistent results, indicating 
trAEs grade 3 to 5 incidences of 34% and 48% in 
N3I1 and N3I1 regimens, respectively (P = 0.006) 
(89). The authors found no significant efficacy 
differences between these regimens at a mini-
mum follow-up of 12 months (89). 

Using the TriNetX dataset (a global health 
network dataset), a recent real-world study as-
sessed the impact of cranial stereotactic RT 
(SRT) in patients with MBM treated with com-
bined nivolumab and ipilimumab (CNI) (78). 
This study revealed improved OS and decreased 
mortality when adding stereotactic RT to CNI in 
patients with MBM, supporting previous findings 
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regarding the importance of local therapy with 
SRT or surgery along with systemic therapy (78, 
81, 85, 90). The ABC-X study (NCT03340129; es-
timated study completion date: August 2025) is 
an ongoing open-label, phase-II trial evaluating 
the effect of SRT addition to the nivolumab-ipili-
mumab combination in systemic treatment-naïve 
patients with MBM (≥ one asymptomatic BM, 
5- 40 mm, no history of previous treatment with 
SRT) (Anti-PD 1 Brain Collaboration + RT Ex-
tension (ABC-X Study) - Full Text View - Clin-
icalTrials.gov) (90). Regarding the best sequence 
of radio-immunotherapy (RIT), a recent observa-
tional, nonrandomized phase-II clinical trial (the 
ELEKTRA trial) indicated that sequencing RT 
followed by ICI (RT-ICI vs. ICI-RT sequencing) 
was associated with better clinical outcomes in 
patients with MBM, including better ORR, dis-
ease control rate, a trend toward a better PFS, and 
higher frequencies of memory T cells and activat-
ed CD8 T cells in the blood  (74). 

Evaluating 26 patients with advanced resected 
and unresectable melanoma and 73 BM who were 
treated with a nivolumab-SRS combination (with-
in six months of receiving nivolumab), Ahmed et 
al. revealed OSs of 11.8 and 12.0 months from 
date of SRS and nivolumab initiation, respectively 
(93). Local BM failure with ≥20% volume increase 
was observed in 11% of lesions, and 12-month 
post-radiation local BM control was 85% (93). 
Consistently, Minniti et al. revealed meaningful 
intracranial activity of concurrent SRS and ip-
ilimumab/nivolumab in patients with either as-
ymptomatic or symptomatic MBM, despite an 
RNB frequency of 15% (88). The nivolumab-SRS 
combination resulted in significantly better intra-
cranial PFS, OS, and DBC (88). ORRs were 76% 
and 60% in nivolumab-SRS and ipilimumab-SRS 
groups, respectively (88). Notably, the authors 
suggested better iPFS associated with multi-frac-
tion SRS (70%) compared to single-fraction SRS 
(46%) at six months, particularly in combination 
with nivolumab (88). 

Non-Small-Cell Lung Cancer
According to the results from the CA2099LA 

study (CheckMate 9LA), the FDA approved 
nivolumab in combination with ipilimumab 
and two cycles of platinum-doublet CT on May 
2020, as the first-line treatment for people with 

metastatic or recurrent NSCLC who do not have 
genomic tumor aberrations for EGFR or ALK  
(FDA approves nivolumab plus ipilimumab and 
chemotherapy for first-line treatment of meta-
static NSCLC | FDA) (122, 124). Previously, in the 
CheckMate 227 study (NCT02477826, 2019), ad-
vanced NSCLC patients who received nivolumab 
with ipilimumab had a longer OS than those who 
received platinum-based CT, independent of PD-
L1 expression (245). On March 2022, the FDA 
approved nivolumab with platinum-doublet CT 
for adult patients with resectable NSCLC in the 
neoadjuvant setting based on the CheckMate-816 
trial results (NCT02998528; 2022 (246)) (FDA 
D.I.S.C.O Burst Edition: FDA approvals of Opdi-
vo (nivolumab) for early-stage non-small cell lung 
cancer and Lynparza (olaparib) for the adjuvant 
treatment of high-risk early breast cancer | FDA). 
The NIVIPI-Brain is an open-label, non-ran-
domized, phase-II ongoing trial (NCT05012254; 
estimated study completion date: December 
15, 2026) evaluating the safety and efficacy of 
first-line nivolumab plus Ipilimumab plus plati-
num-based CT (two cycles) in patients with stage 
IV or recurrent NSCLC with synchronous BMs 
(Nivolumab and Ipilimumab Plus Chemothera-
py for Patients With Stage IV Lung Cancer With 
Brain Metastases - Full Text View - ClinicalTrials.
gov). The NIke Trial (LOGiK2004) is another sin-
gle-arm phase-II ongoing trial conducted in Japan 
to evaluate the efficacy of nivolumab-ipilimumab 
combined with platinum-based CT for untreated 
symptomatic and asymptomatic BMs (at least one 
BM measuring ≥5 mm) in CT-naïve patients with 
NSCLC (123). This investigation began in May 
2021 and will take 2.5 years to complete (123). 

Several studies have been conducted to inves-
tigate nivolumab safety and efficacy in patients 
with NSCLC-BMs (121, 123, 125-133, 247, 248). 
In their 2016 study, Dudnik et al. investigated 
nivolumab CNS activity among five patients with 
advanced NSCLC and new/progressing asymp-
tomatic intracranial metastases (133). The iORR 
was 40% (2/5 patients), one patient had SD, and 
two progressed in the CNS (133). They report-
ed concordant intra- and extracranial responses 
with nivolumab and suggested the possible effi-
cacy of nivolumab in NSCLC-CNS metastasis 
(133). Later, in 2018, Gauvain et al. evaluated 43 
patients with NSCLC-BMs who were treated with 



Jameie et al.: ICIs and BM 

63 Immunol Genet J, Vol. 8, No. 1, 2025, pp.50-94http://igj.tums.ac.ir

nivolumab (131). They also observed similar in-
tracerebral and extracerebral nivolumab efficacy 
(iORR: 9%, eORR: 11%), with an acceptable safety 
profile (131). According to Cortinovis et al. survey 
on the Italian cohort of the Expanded Access Pro-
gram (EAP), the safety and efficacy of nivolum-
ab in NSCLC patients with CNS metastases (N = 
37) were similar to that in the overall Italian EAP 
cohort (N = 371) (130). Another analysis from 
the EAP cohort on 409 stage IIIB/IV NSCLC pa-
tients with asymptomatic or controlled BMs who 
progressed after at least one systemic treatment 
further confirmed these observations (129). Con-
sistently, Rossi et al. found no differences in OS or 
TTF according to BM presence in patients with 
NSCLC treated with nivolumab (127), which was 
further confirmed by Zhang et al. study in 2020 
(126). Among various evaluated factors in Ros-
si et al. study (performance status, age, presence 
of baseline BM, high disease burden, and plati-
num resistance), platinum resistance (not base-
line BMs) was the only independent predictive 
factor (127). On the other hand, Gounant et al. 
suggested BM presence as a worse survival pre-
dictor among patients with NSCLC and PS 3-4, 
with median OSs of 2.1 vs. 8 months in patients 
with and without BMs, respectively (p = 0.003)  
(125). Altogether, although these findings suggest 
that BM presence in patients with NSCLC might 
not considerably affect nivolumab efficacy, verifi-
cation of these results in large-scale prospective 
studies is still necessary.

Patients with poor predictive factors, such as 
those who have received long-term treatment 
with high-dose corticosteroids or those with low 
PD-L1 expression, are considered challenging 
populations for IT (249, 250). The deleterious ef-
fects of glucocorticoids on immune response are 
well known, particularly in patients with cancer 
(251). However, de Jong et al. showed an excep-
tionally durable BM response to a short course 
of nivolumab in a patient on high-dose steroids 
(128). In another case report, Kitadai et al. sug-
gested nivolumab intracranial efficacy in a patient 
with PD-L1-negative NSCLC with asymptomatic 
multiple BMs (121). However, the authors did not 
evaluate the BM PD-L1 expression (121). Anoth-
er population with almost unknown nivolumab 
efficacy is patients with PS 3-4 (125). Evaluating 
35 NSCLC patients with PS 3-4 (29% of whom 

presented BMs), Gounant et al. suggested some 
individuals with extremely poor general condi-
tions may benefit long-term from nivolumab sal-
vage therapy (125).

Renal Cell Carcinoma
The FDA has approved the nivolumab plus 

ipilimumab combination and nivolumab plus 
cabozantinib, a TKI, for advanced RCC based on 
the results from CheckMate 214 (NCT02231749; 
2018 (144)) and CheckMate-9ER (NCT03141177; 
2021 (142)) trials (FDA approves nivolumab plus 
ipilimumab combination for intermediate or 
poor-risk advanced renal cell carcinoma | FDA, 
FDA approves nivolumab plus cabozantinib for 
advanced renal cell carcinoma | FDA). 

Limited studies have been conducted to assess 
nivolumab safety and efficacy in BMs from RCC, 
and these patients are underrepresented in clin-
ical trials  (135, 137, 140, 141, 143). Therefore, 
patients with RCC and BMs have a high unmet 
medical need. The GETUG-AFU 26 NIVOREN 
phase-II trial (NCT03013335; 2019) is the first 
prospective study evaluating IT RCC-BMs (143). 
In this study, 73 RCC patients with previously un-
treated (cohort A; N = 39) or treated (cohort B; N 
= 34) asymptomatic BMs who failed VEGF–di-
rected therapies were included (143). The iORR 
was 12%, indicating limited intracranial activi-
ty of nivolumab in RCC patients with untreated 
BMs (143). Notably, each of the four patients who 
demonstrated intracranial response had a unique 
lesion with a baseline length diameter of less 
than 10 mm (143). Additionally, in comparison 
to 39% of individuals with unique lesions, 73% of 
patients with multiple target lesions showed pro-
gressive intracranial disease as their best response 
(143). Although all four patients with intracranial 
response also had an extracranial response, dis-
cordant intra-, and extracranial responses were 
observed in 18% of patients in cohort A (143). 
Most cohort A patients (72%) needed subsequent 
focal brain therapy (143). According to the au-
thors, prior focal brain therapy (cohort B) low-
ered the hazard of intracranial progression after 
adjusting for baseline variables (iPFS cohort A vs. 
B: 2.7 vs. 4.8 months, aHR: 0.49 [95% CI, 0.26 to 
0.92]) (143). Altogether, this study indicated the 
limited efficacy of nivolumab in RCC-BM with-
out local therapies (143). Accordingly, Chowdhry 
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et al. mentioned the importance of local control 
with either radiation or surgery in the treatment 
of RCC-BMs (137). Recently published prima-
ry results from phase IIIb/IV CheckMate 920 
(NCT02982954; 2022) indicated the encouraging 
antitumor activity of the nivolumab-ipilimumab 
combination in patients with previously untreat-
ed aRCC with asymptomatic BMs, with a median 
PFS of 9.0 months (141). Twenty- eight patients 
were included in this study, of whom no one de-
veloped grade 5 irAEs (141). iORR among re-
sponse-evaluable patients was 32%, and half of the 
responders remained without progression (141). 
Reporting two patients with RCC who developed 
BMs, Nakagawa et al. suggested that cabozantinib 
(a multitargeted TKI targeting VEGF, MET, and 
AXL receptor tyrosine kinase) monotherapy or 
combination therapy with ICIs such as nivolum-
ab may be an effective treatment option for these 
patients (140). Nevertheless, treatment responses 
differed from one patient to another. For instance, 
rapid postoperative progression of BMs respond-
ed to cabozantinib-nivolumab therapy in the sec-
ond patient, whereas the first patient developed a 
new BM 6 months after the initial postoperative 
BMs regression with stereotactic RT followed by 
ipilimumab-nivolumab therapy (140). 

Breast Cancer
Ahmed et al. designed a single-arm, non-

randomized, open-label, phase-Ib trial 
(NCT03807765; 2021) to assess the safety and 
efficacy of nivolumab-SRS combination among 
patients with metastatic breast cancer (ECOG 
PS ≤2) with ≤10 BMs (147). This study indicat-
ed that the nivolumab-SRS combination was well 
tolerated in this population without dose-limiting 
toxicities (147). There were no cases of RNB or 
treatment-related deaths (147). With a median 
follow-up of 9.6 months, the authors indicated an 
iORR of 92%, as well as a 12-month intracranial 
control rate, DIC rate, and OS rate of 22%, 28%, 
and 89%, respectively (147). Notably, while the 
primary factor affecting the incidence and prog-
nosis of BCBM is the subtype of breast cancer 
(252), subtypes were not separated in this study. 
Altogether, there is still a strong need for phase-II 
studies to assess nivolumab efficacy in BM from 
breast cancers; according to a recent systematic 
review by Schlam et al., although nearly half of 

the patients with triple-negative and human epi-
dermal growth factor receptor 2  (HER2)+ meta-
static breast cancer experience BM, these patients 
constitutes only 3.3% of the ICI trials on breast 
cancer population (239). There is a critical need 
in oncology to assess the safety and efficacy of 
ICIs in patients with BCBM (239).

Other Cancer Types
Although the CheckMate 141 phase-III trial 

of nivolumab (NCT02105636; 2016 (253)) sug-
gested prolonged OS with nivolumab among 
patients with recurrent platinum-refractory 
SCCHN, patients with BM were excluded from 
this study (253). Limited case reports have sug-
gested nivolumab efficacy in SCCHN patients 
with BM (156). Takemoto et al. reported a patient 
with BM from parotid carcinoma who achieved 
a remarkable BM shrinkage following treatment 
with six cycles of nivolumab (156). Consistent-
ly, Cabezas-Camarero et al. revealed a complete 
intracranial response ten weeks after receiving 
third-line nivolumab in a PD-L1 negative meta-
static SCCHN patient who progressed on cetux-
imab-based CT, suggesting possible nivolumab 
efficacy in biomarker-negative SCCHN (154). 

Cemiplimab 
Melanoma

There is an ongoing clinical trial of cemiplimab 
plus fianlimab (a LAG-3 inhibitor) compared 
with pembrolizumab in patients with previously 
untreated unresectable locally advanced or meta-
static melanoma (NCT05352672; estimated study 
completion date: April 20, 2031). Patients with 
active or untreated BM are not eligible for this 
study. However, BMs meeting prespecified crite-
ria, such as BM not requiring immunosuppressive 
corticosteroids doses or asymptomatic BM with 
a single untreated BM size <10 mm, will be in-
cluded (Clinical Study of Fianlimab in Combina-
tion With Cemiplimab in Adolescent and Adult 
Patients With Previously Untreated Unresectable 
Locally Advanced or Metastatic Melanoma - Full 
Text View - ClinicalTrials.gov).

Non-Small-Cell Lung Cancer
Recently, cemiplimab-rwlc in combination with 

platinum-based CT was FDA-approved for adult 
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patients with advanced NSCLC (aNSCLC) with-
out EGFR, ALK, or ROS1 aberrations based on 
a multicenter randomized open-label trial (Study 
16113, EMPOWER-Lung 3 (NCT034096142022) 
(134)) (FDA approves cemiplimab-rwlc in com-
bination with platinum-based chemotherapy for 
non-small cell lung cancer | FDA). While patients 
with previously treated and controlled BM were 
eligible to be included, those with active or un-
treated BM were excluded (134). Of 466 patients 
with stage III/IV aNSCLC with any PD-L1 ex-
pression, 6.7% had BM (adequately treated and 
clinically stable) (134). However, the study did 
not separately report the results for the subgroup 
with BM (134). This study revealed a significantly 
longer OS in patients receiving cemiplimab-CT 
vs. those who received placebo-CT (21.9 months 
vs. 13.0 months; HR = 0.71 (P = 0.014)) (134). 
Nevertheless, OS did not significantly differ when 
it came to certain subgroups, including patients 
with PD-L1 < 1%, never smokers, and women 
(134). Notably, superior PFS and ORR in favor of 
the cemiplimab-CT cohort were observed across 
all subgroups, and the authors are awaiting lon-
ger-term follow-up data for OS results (134). This 
study indicated the combination of cemiplimab 
and platinum-doublet CT as a potential first-line 
treatment for patients with advanced squamous 
and non-squamous NSCLC without EGFR, ALK, 
or ROS1 aberrations, regardless of PD-L1 expres-
sion level (134). To our knowledge, there is cur-
rently no study specifically reporting the safety 
and efficacy of cemiplimab among patients with 
BM. 

Atezolizumab
Atezolizumab is an IgG1 human monoclonal 

antibody that has been engineered to inhibit PD-
L1 signaling. Atezolizumab has been approved 
by the U.S. FDA for being administered as sin-
gle-agent therapy or in adjunction with chemo-
therapeutic agents in different types of malig-
nancies (254). Different studies indicated the 
therapeutic benefits of atezolizumab in patients 
with BM. 

Non-Small-Cell Lung Cancer
A phase-II clinical trial (FIR study, 

NCT01846416) investigated the effectiveness of 
single-agent therapy with atezolizumab in reduc-

ing PD-L1 progression or metastasis in patients 
with advanced NSCLC. This study enrolled a to-
tal number of 138 patients in three cohorts, the 
third of which included 13 NSCLC patients with 
BM. The results indicated the clinical benefits of 
atezolizumab in treating NSCLC patients with 
BM as shown by OS, medium PFS, and ORR of 
6.3 months, 4.3 months, and 23%, respective-
ly (255). In a phase-III open-label clinical trial 
(OAK study, NCT02008227), the efficacy of the 
treatment with atezolizumab was compared with 
docetaxel in asymptomatic NSCLCs patients, 
whose disease progressed despite formerly plat-
inum therapy and a group of them suffered from 
steady metastatic encephaloma. The results com-
paring 38 and 47 NSCLCs patients treated with 
atezolizumab and docetaxel, respectively, demon-
strated a more significant amelioration in disease 
progression (39%) and fatalities (45%) by atezoli-
zumab compared to CT in the POPLAR study 
(NCT01903993), suggesting the beneficiary roles 
of atezolizumab in treating NSCLC-induced BM 
(256). In this regard, atezolizumab increases the 
OS by 5.4 months, and 3.7 months, in patients 
with PD-L1 expression of more than 1% and 
those with below 1% PD-L1 expression levels. 
Therefore, the clinical usefulness of atezolizumab 
compared to CT can benefit patients with either 
high or low PD-L1 expression levels (256, 257). 
Another study using subgroup analysis of Japa-
nese patients participating in the OAK study re-
ported also the beneficiary effects of atezolizum-
ab in the mentioned group of NSCLC patients 
(258). A subgroup analysis of a phase-III clinical 
trial (IMpower150, NCT02366143) demonstrat-
ed that adding atezolizumab to bevacizumab plus 
carboplatin and paclitaxel could delay the time to 
development of BM in NSCLC patients (Hazard 
ratio: 0.68) (259). These promising results in-
dicating the safety and efficacy of atezolizumab 
have led to the approval of this drug by the U.S. 
FDA for being applied in NSCLC patients with 
BM, who previously experienced unsuccessful 
treatment with CT or targeted therapy. 

Small-cell lung cancer
A phase-I clinical trial (PCD4989g, 

NCT01375842) investigated the clinical efficien-
cy of the treatment with atezolizumab in patients 
with different solid tumors, including small cell 
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lung cancer (SCLC). In this study, 17 SCLC pa-
tients with BM were included, from whom 65% 
had received atezolizumab as a third-line or 
above treatment. The results indicated the prom-
ising therapeutic benefits of atezolizumab in these 
patients, with median OS and median PFS of 5.9 
and 1.9 months, respectively. These findings illus-
trated that atezolizumab extends PFS and ORR 
and can be well tolerated in SCLC patients with 
BM (260). 

Another phase-III clinical trial namely IM-
Power-133 compared the clinical effectiveness of 
atezolizumab plus CT (etoposide and carbopla-
tin) and CT alone in 403 SCLC patients with BM 
who had been unsuccessfully treated. The find-
ings demonstrated the beneficiary roles of atezoli-
zumab in improving median PFS (from 4.3 to 5.2 
months) and OS (from 10.3 to 12.3 months) of 
the SCLC patients compared to CT alone (261). 
In this context, atezolizumab was the first drug 
that had been applied as a first-line treatment of 
SCLC (262). These findings overall point toward 
the effectiveness of atezolizumab in patients with 
brain metastases originating from lung cancers. 
However, for benefiting more patients from this 
novel immunotherapy approach the composition 
of this drug should be optimized and its high cost 
should be managed.

Durvalumab 
Non-Small-Cell Lung Cancer

Durvalumab is another PD-L1 inhibitor, gain-
ing FDA approval for the first time in May 2017 
for treating metastatic bladder cancer (263). The 
risk of developing brain abscesses should be 
considered when using durvalumab (263). In a 
phase-III clinical trial (PACIFIC, NCT02125461), 
the efficacy of durvalumab was evaluated in 713 
stage-III NSCLC patients, some of whom suffered 
from BM. The results showed no significant tu-
mor growth during 16.8 months after adminis-
tering durvalumab compared to 5.6 months after 
placebo therapy. The findings showed a median 
PFS of 11.2 months, along with no significant in-
crease in AEs in the investigated group (264). A 
phase-I clinical trial (CAURAL, NCT02454933) 
comparing the efficacy of combination therapy 
with osimertinib and durvalumab versus osim-
ertinib monotherapy in 21 terminal NSCLC pa-
tients with BM reported an ORR of 64% after 

combination therapy (265). However, the limited 
sample size of this study limited its generalizabil-
ity, and there is a need for more qualified trials 
assessing durvalumab efficacy in BM.  There is 
evidence that durvalumab has a favorable safety 
profile when being used for treating NSLC, but 
this requires the completion of a course of car-
diac resynchronization therapy before using the 
drug. To our knowledge, there is only one cohort 
study demonstrating its efficacy in increasing the 
OS (132, 266).

Small-Cell Lung Cancer
Durvalumab is considered a first-line treat-

ment as an adjuvant to CT in SCLC. Durvalumab 
has also shown promising results in treating BM 
stemming from SCLC when used in conjunction 
with CT and RT. In a study, durvalumab was ad-
ministered in combination with CT to treat BM 
originating from SCLC. According to the results, 
combining durvalumab with etoposide and cis-
platin CT (EP) can significantly improve OS, 
whereas sole administration of EP showed no 
favorable results. There was no difference in OS 
between the cohort receiving EP and durvalumab 
and the cohort treated with brain RT as an adju-
vant (267, 268).

The major barrier limiting the efficacy of 
durvalumab is its low penetrance rate through 
BBB, resulting in its low concentration within 
the brain. A case report presenting a patient with 
stage-III SCLC reported that an oral multitarget 
TKI, named anlotinib, can serve as a factor in 
increasing the penetrating ability of durvalum-
ab leading to its sufficient availability within the 
brain (269). However, further studies are re-
quired to determine whether this combination 
is effective. Furthermore, this specific PD-L1 
inhibitor is more effective when combined with 
poly-ADP ribose polymerase inhibitors, such as 
Olaparib. In this regard, a combination of these 
two is more tolerated and has a better long-term 
outcome, leading to a more favorable prognosis. 
RT has also been demonstrated to play an im-
portant role in increasing the permeability of the 
BBB to enhance the amount of anti-PD-L1 in the 
brain; therefore, it can serve as a novel adjuvant 
to durvalumab. However, a study on breast can-
cer patients with BM did not support the admin-
istration of durvalumab as a first-line treatment 
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in these patients (270). 

Avelumab 
Non-Small-Cell Lung Cancer

Avelumab is a humanized IgG1 lambda anti-
body with anti-PD-L1 characteristics. The effica-
cy of avelumab on BM is currently under investi-
gation by a registered phase-II clinical trial (PAVE 
study, NCT03568097), which will investigate the 
effects of the combination therapy of avelumab 
and CT on 55 NSCLC patients with BM.

Renal Cell Carcinoma
Avelumab has been used in treating urotheli-

al carcinomas (271). Although platinum-based 
CT approaches are considered the gold-standard 
treatment for metastatic urothelial carcinomas, 
avelumab is currently found to help treat RCC 
due to its promising effects on enhancing the pa-
tients’ PFS. The administration of avelumab and 
axitinib in a male patient suffering from multiple 
metastatic lesions in the lung and hilar lymph 
nodes secondary to RCC led to a significant re-
duction in the size of metastases, as reported by 
Uekawa et al. (272, 273). 

Merkel Cell Carcinoma
A case series reported effective results of the 

combination of CT and etoposide and avelumab 
in patients with metastasis stemming from a rare 
type of skin cancer, namely Merkel cell carcino-
ma (MCC), as this approach improved their OS 
and reduced their brain metastatic lesions’ sizes. 
Therefore, this drug was approved in March 2017 
by the FDA for treating MCC and is primarily 
used as a second-line treatment (136).  Currently, 
there is no published clinical trial on the utility of 
avelumab in brain-metastatic patients. 

CTLA-4 Inhibitors and Brain Metastasis
T cells activation for fighting cancer cells is 

enabled by the engagement of T-cell receptors 
(TCRs) with antigen-bound MHC-1 expressed 
on APCs and the co-stimulatory signal from the 
attachment of T cells associated CD28 and the 
B7 family (e.g., B7.1 and B7.2) on APCs (274). 
Moreover, attaching CD28 to the B7 family leads 
to an upregulated expression of CTLA-4 on T 
cells, which is a regulatory receptor with a high-
er affinity to bind with the B7 family on APCs 

compared to CD28 (274). As a result, the upreg-
ulated expression of CTLA-4 outcompetes the 
co-stimulatory signal of CD28 and B7 for T-cell 
activation, thereby weakening T cells' immune 
response to cancer cells (274). In this regard, in-
hibiting CTLA-4 receptors through anti-CTLA4 
monoclonal antibodies has been introduced as 
an IC-inhibiting approach to strengthen and 
prolong the immune response of T cells against 
various types of cancers (275). This increased 
immune response was evidenced by an induced 
production of cytokines of Il-2, Il-10, and Inter-
feron gamma (IFN-Y) (275). Accordingly, CT-
LA4-knocked-out mice tended to develop lethal 
lymphoproliferative conditions leading to tissue 
degeneration (276). Moreover, inhibiting CTLA4 
in murine models using monoclonal antibodies 
resulted in enhanced T-cell function for killing 
various types of solid cancers, including prostate, 
fibrosarcoma, and colon (277-279). In this regard, 
two fully human-based anti-CTLA4 monoclonal 
antibodies, ipilimumab, and Tremelimumab have 
been developed for combating cancers, the effi-
cacy of which was also studied in patients with 
brain metastases.  

Ipilimumab
Melanoma

Ipilimumab, a complete human IgG1 monoclo-
nal anti-CTLA-4 antibody, was the first ICI au-
thorized by leading regulatory organizations. In 
this regard, the United States FDA approved ipili-
mumab as adjuvant therapy in completely-resect-
ed stage-III melanoma and also for treating meta-
static or unresectable melanoma in monotherapy 
or concurrent therapy with nivolumab (280). 

Weber et al. used the data from a phase-II con-
trolled trial in which 115 patients with unresect-
able stage III (3.5%) or stage IV (96.5%) melano-
ma were treated with ipilimumab at a dosage of 10 
mg/kg every three weeks (for a maximum of four 
doses) (281). They randomized the patients into 
two cohorts, in which either budesonide or pla-
cebo was administered. Twelve of the 115 (10.4%) 
enrolled patients had stable BM at the baseline. The 
results indicated that two of the 12 brain-metas-
tasized melanoma patients (16.7%) showed a PR, 
and three of them (25%) had SD. In contrast, no 
patient demonstrated a CR, resulting in an overall 
DCR of 41.7%. The BORR, defined as the propor-
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tion of patients with PR or CR by modified World 
Health Organization (WHO) criteria, was report-
ed to be 16.7% in these patients (not mentioned 
whether intra- or extracranial). Furthermore, the 
median overall survival (OS) of these MBM pa-
tients was 14 months (range: 2.7–56.4). This study 
overall contributed to evidence of the efficacy and 
safety of ipilimumab in MBM patients (281). In 
another phase-II open-label clinical trial, Margo-
lin et al. studied whether the corticosteroid treat-
ment in advanced MBM patients who received 
ipilimumab (10 mg/kg, every three weeks up to 
four doses) could affect the antitumor activity of 
ipilimumab (282). They enrolled 72 MBM pa-
tients from ten centers in the US, dividing them 
into two cohorts consisting of 51 patients without 
neurological symptoms and prior corticosteroid 
usage (Cohort A) and 21 patients with symptom-
atized BM. The latter had been treated with stable 
doses of corticosteroids at study entry to relieve 
their manifestations (Cohort B). The results indi-
cated an iORR of 16% and a brain DCR (defined 
as CR plus PR plus SD) of 26%, assessed by im-
mune-related response criteria (irRC) in cohort 
A. In contrast, patients in cohort B demonstrat-
ed much less effective outcomes by 5% iORR and 
10% DCR as defined by irRC. The results indicat-
ed less efficiency of ipilimumab in MBM patients 
who were previously treated with corticosteroids. 
However, whether this reduced effectiveness is at-
tributable to the greater extent of BM in cohort 
B or the immunosuppressive properties of corti-
costeroids should be further elucidated in future 
studies. In summary, this study underlined that 
corticosteroid treatment could not completely 
prevent the beneficiary effects of ipilimumab in 
MBM patients (282).

Queirolo et al. studied 146 asymptomatic mel-
anoma patients with BM treated with ipilimumab 
(3 mg/kg every three weeks for four doses) (283). 
The data of these patients were obtained from the 
EAP program, which is a program designed in 
Italy for evaluating the effects of ipilimumab on 
unresectable (stage III), stage IV, or asymptomat-
ic brain metastatic melanoma patients who failed 
or could not endure previous treatments and had 
no further available therapeutic choices. Of these 
146 patients, four showed CR (2.7%), 13 had 
PR (8.9%), and 22 had SD (15.0%), resulting in 
an overall DCR of 26.7% (283). The OS and PFS 

were reported as 4.3 and 2.8 months, respective-
ly. Moreover, 29% of patients showed trAEs, with 
diarrhea as the most observed AE, which showed 
to be reversible by ipilimumab treatment proto-
col guidelines. In this regard, only 6% of the men-
tioned population showed grade 3/4 AEs. Hence, 
the safety of ipilimumab treatment in this study 
was comparable with other clinical trials, and 
no unexpected or higher rates of serious AEs for 
ipilimumab were reported (283). This study col-
lectively suggested the durable clinical response 
of ipilimumab and its controllable AEs in MBM 
patients (283). Other clinical trials evaluating the 
efficacy of ipilimumab in MBM also indicated its 
promising clinical outcomes (284, 285). In this 
regard, Downey showed a CR of 10% and PR of 
20% in 139 metastatic melanoma patients after 
receiving ipilimumab (285). From this popula-
tion, ten patients had BM at study entry, three of 
which (30%) showed PR and two of which had 
PR (20%) (285). Another study reported a prom-
ising clinical benefit of combined ipilimumab and 
fotemustin as a chemotherapeutic drug used in 
melanoma patients with or without BM in three-
year follow-ups (286, 287). 

The combination of ipilimumab and SRS also 
appeared to be well tolerated and associated with 
better OS in MBM patients who received both 
SRS and ipilimumab than in patients receiving 
SRS alone (288-290). For instance, a study com-
pared the efficacy and AEs between 20 MBM 
patients who received ipilimumab-SRS, and 34 
patients who underwent only SRS. The results in-
dicated that administering ipilimumab combined 
with SRS does not expose patients to excessive 
AEs, including hemorrhage or RNB (291). These 
results were in line with previous studies (288, 
290, 292). Moreover, patients in the ipilimumab 
cohort had longer OS than the SRS-only treated 
group, but this difference was not statistically sig-
nificant (291). Accordingly, a phase-I clinical trial 
illustrated that the combined therapy of 10 mg/
kg ipilimumab with SRS and 3 mg/kg ipilimumab 
with WBRT is safe and tolerable (292). Overall, 
ipilimumab seems to be a proper ICI associat-
ed with promising outcomes in metastatic brain 
patients, either administered alone or combined 
with conventional approaches. However, more 
prospective studies with higher sample sizes are 
warranted to elucidate the ipilimumab efficacy in 
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BM comprehensively.

Paired Immunotherapy: Ipilimumab-Nivolum-
ab Combination Therapy 

Concurrent blockade of different classes of ICIs 
could theoretically lead to a more potent immune 
response than monotherapy against BM. To ex-
amine this theory, various studies have assessed 
the combinatory therapy efficacy of nivolumab 
and ipilimumab in MBM, most of which were 
discussed in the “Nivolumab” section (76, 77, 79, 
80, 82, 91, 92). The synergistic properties of com-
bination therapies are not well recognized (293, 
294). One of the suggested mechanisms for the 
favorable clinical response of PD-1 inhibitors, 
when used in combination with CTLA-4 inhib-
itors (paired immunotherapies), is that PD-1/ 
PD-L1 are unlikely to recruit immune cells into 
the metastasis, while CTLA-4 inhibitors promote 
T-cell recruitment into the tumor (295). There-
fore, Téglási et al. suggested that patients with 
reduced immune cells infiltration into the tumor 
microenvironment may benefit more from com-
bination therapy (94).

Melanoma
A phase-I trial studied the concurrent treat-

ment with nivolumab-ipilimumab, followed by 
nivolumab maintenance therapy in ten MBM pa-
tients (280, 296). The results indicated a BORR 
and PR of 50% (296). A phase-II clinical trial in 
four sites in Australia compared the effects of the 
co-administration of nivolumab and ipilimumab 
versus nivolumab monotherapy in adult MBM 
patients (297). In this regard, 35 patients were as-
signed to cohort A to receive 1 mg/kg nivolum-
ab combined with 3 mg/kg ipilimumab every 
three weeks (for four doses), followed by 3 mg/kg 
nivolumab every two weeks. On the other hand, 
25 patients were assigned to cohort B, in which 
they were given 3 mg/kg nivolumab every two 
weeks. Intracranial OR was reported to be signifi-
cantly higher in cohort A than in B (46% vs. 20%) 
as a primary endpoint of the study. Moreover, in-
tracranial CR was observed in 17% of patients in 
cohort A and 12% in cohort B. However, trAEs 
were significantly higher in cohort A (97%) than 
in cohort B (68%), with 63% grade 3 or 4 AEs in 
cohort A compared with 16% in Cohort B (297). 
However, no new or unexpected toxicities were 

detected in this study. 
In another phase-II trial (CheckMate 204), 

brain metastatic melanoma patients were enrolled 
into cohort A if they were asymptomatic and their 
brain lesions were between 0.5-3 cm and into co-
hort B if they had stable neurological symptoms 
or were previously treated with corticoids (298). 
Both cohorts were administered intravenously a 
combination of ipilimumab and nivolumab fol-
lowed by nivolumab maintenance at the dosage 
mentioned in the previous study. The results in-
dicated an intracranial ORR of 54.4% in 101 as-
ymptomatic patients with no new observed safety 
signals versus 22.2% in 18 patients with neuro-
logical symptoms or a history of corticosteroid 
therapy. Moreover, the median PFS and OS of 
symptomatic patients were reported to be 1.2 and 
8.7 months, respectively. Based on these results, it 
can be concluded that the combinatory therapy of 
ipilimumab and nivolumab could be effective in 
asymptomatic MBM patients and has the poten-
tial to be administered as first-line therapy. How-
ever, patients with neurological symptoms or cor-
ticosteroid requirements might need alternative 
therapy approaches (298). The long-term results 
of this study indicated an ORR of 53.5% in cohort 
A and 16.7% in cohort B (80). Moreover, cohort 
A showed a 36-month intracranial median PFS 
and OS of 54.1% and 71.9%, respectively, com-
pared to a 36-month intracranial PFS of 18.9% 
and OS of 36.6% in cohort B. Hence, the long-
term outcomes of this study were in line with 
its preliminary report after a median follow-up 
of 20.6 months regarding the clinical benefit of 
a combination of nivolumab and ipilimumab in 
asymptomatic MBM patients (80). Apart from 
the higher rates of trAEs than monotherapy, the 
co-administration of ipilimumab and nivolumab 
showed encouraging outcomes in melanoma pa-
tients with BM. This combinatory suppression of 
checkpoint inhibitors of CTLA-4 and PD1-PD/
L1 is mostly effective in asymptomatic MBM pa-
tients and has shown an acceptable safety profile 
(75). However, it needs to be more studied in fu-
ture trials with higher sample sizes to be adminis-
tered as first-line treatment in these patients.  

Renal Cell Carcinoma
In a phase-IIIb/IV trial monitoring the efficacy 

of ipilimumab and nivolumab in advanced RCC 
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patients suffering from asymptomatic BM, the pa-
tients were given 3 mg/kg ipilimumab and 1 mg/
kg nivolumab every three weeks for four doses, 
followed by 489 mg nivolumab every four weeks. 
The results demonstrated a 32% ORR and a me-
dian duration response of 24.0 months. More-
over, no new safety signals were reported, and 
the median PFS of patients was reported at nine 
months. This study indicated potential promising 
outcomes of combinatory therapy of ipilimumab 
and nivolumab in advanced RCC patients with 
asymptomatic BM (141).

Tremelimumab
Tremelimumab is another fully human mono-

clonal antibody blocking CTLA-4 receptors on 
cytotoxic T lymphocytes, thereby preventing the 
normal suppression of T cells and prolonging 
their activation. The Pfizer company first devel-
oped this IgG2 antibody to fight against advanced 
cancers (299). Currently, the FDA approved the 
administration of Tremelimumab in combination 
with durvalumab, an anti-PD-L1 antibody, in 
treating unresectable hepatocellular carcinoma. 
Tremelimumab has shown OR but not increased 
OS in cancer metastatic patients in the primary 
phases of clinical trials. Based on phase-I/II stud-
ies, tremelimumab is considered a well-tolerable 
anti-CTLA-4 with manageable AEs (274). 

Melanoma
According to a phase-III clinical trial conduct-

ed by Ribas et al., although the OR and OS of 328 
metastatic melanoma patients receiving tremeli-
mumab were not statistically better than 327 pa-
tients who were treated with standard-of-care CT, 
the response duration of the tremelimumab-treat-
ed group was significantly longer (300). The most 
frequently observed AEs associated with tremeli-
mumab were pruritus, diarrhea, and rash (300). 
However, in the mentioned study, patients with 
BM were excluded. In contrast, Camacho et al. 
conducted a phase I/II trial to study the effects of 
tremelimumab on metastatic melanoma patients, 
three of whom had stable or previously treated 
BM. The results indicated the progression of the 
disease in all three patients, either intracranially 
by developing new BM or size enhancement of 
prior BM or extracranially by developing new 
lesions in the lung, chest wall, and subcutaneous 

regions (301). 

Breast Cancer
According to Page et al. study, breast cancer 

patients with BM who were treated with tremeli-
mumab plus RT with or without Trastuzumab 
(based on the expression of human epidermal 
growth factor receptor-2) showed promising in-
tracranial responses with manageable AEs (302).  
There are also clinical trials that studied tremeli-
mumab in other advanced solid cancers but not 
in patients with BM. Therefore, based on the 
low number of conducted trials with insufficient 
sample sizes, monotherapy with tremelimumab 
did not show superior effects to standard-of-care 
treatments in patients with BM. Overall, there is 
a substantial need for more clinical trials to mon-
itor tremelimumab effects and safety concerns in 
patients with BM (280).

LAG-3 Inhibitors and Brain Metastasis 
LAG-3 is a type-1 transmembrane protein and 

a regulatory cell-surface molecule playing roles 
in inhibiting the proliferation and activation of T 
cells. LAG-3 is expressed not only on various im-
mune cells like activated T cells, NKs, and B cells 
but also it is upregulated in many tumors (303, 
304). Either cytokines like Il2, Il7, Il12, Il15, and 
Il27 or TCR stimulation could significantly in-
duce the expression of LAG-3 (304, 305). This re-
ceptor is considered an ICI, playing several roles 
in suppressing the immune system, like negative-
ly regulating the proliferation and homeostasis 
of CD4+ and CD8+ T cells, known as T-cell ex-
haustion, reducing cytokine production, and en-
couraging the development of T-regulatory cells 
(303, 304). In this regard, LAG-3 proteins are sug-
gested to contribute to cancer immune evasion. 
Therefore, monoclonal antibodies targeting LAG-
3 might play beneficiary roles in inducing the 
body's immune system against different tumors. 
In this sense, patients with BM might also profit 
from this treatment.  

Relatlimab
Relatlimab is a newly-developed anti-LAG3 

antibody belonging to the IgG4 subclass used to 
re-establish the exhausted T cells' immune activ-
ity for killing cancer cells. There is currently no 
clinical trial assessing the effectiveness of mono-
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Table 2. Other studies investigating the effects of ICIs in patients. 
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therapy with relatlimab in patients with BM. 
However, the combinatory therapy of relatlimab 
and nivolumab in advanced melanoma patients 
(patients with BM were excluded) who were old-
er than 12 years and weigh more than 40 Kg was 
approved by the FDA in March 2022 (306). In this 
regard, a phase-II/III double-blind, randomized 
trial has shown that administering a fixed com-
binatory dose of nivolumab and relatlimab in 355 
patients with metastatic or unresectable melano-
ma was more effective compared to giving only 
nivolumab. This study reported a mean PFS of 
10.1 months in the nivolumab-relatlimab group 
compared with 4.6 months in the nivolumab-only 
group (P<0.001) (307). Even though grade 3 or 
4 of trAEs was more frequently observed in the 
patients treated with nivolumab-relatlimab than 
those treated only with nivolumab (18.9% vs. 
9.7%, respectively), no new safety signals were 
associated with this combinatory therapy (307). 
This promising result can pave the road for de-
signing trials studying relatlimab efficacy and 
safety in patients with BM.

Immune Checkpoint Inhibitors Combined 
with Conventional Treatments

With the advent of ICIs and the identification 
of their CNS efficacy, their addition to the previ-
ous conventional therapies received much atten-
tion. Nevertheless, findings regarding combinato-
ry therapies are still inconclusive. The combined 
use of conventional therapies with ICIs raised im-
portant efficacy and safety questions, concerning 
their possible synergistic activities in the brain. 
Various studies have assessed the combined use of 

ICIs with conventional therapies for patients with 
BM, including SRS, SRT, WBRT (53-55, 58, 59, 
66, 93, 95, 100, 101, 132, 147, 182, 183, 191, 192, 
288, 290, 292, 308-310), and CT (83, 99, 123, 173, 
174, 286, 287, 311). Several combination therapy 
studies were reviewed in the relevant sections for 
each ICI. In the next section, we will briefly dis-
cuss some of the other studies.

ICI-SRS
According to Ahmed et al. retrospective study 

on 26 MBM patients, combined treatment with 
nivolumab and SRS could be well-tolerated and 
lead to prolonged OS and BM control compared 
with standard therapy (93). Regarding the RT 
sequencing, Le et al. suggested that compared 
to NSCLC/melanoma patients with BM who re-
ceived no ICIs or non-concurrent ICIs, concur-
rent SRS-ICI was significantly associated with 
decreased DBF (182). However, they found no 
association between concurrent ICI-SRS treat-
ment with local control (182). On the other hand, 
evaluating 75 patients with 566 MBM, Qian et al. 
indicated a significantly greater lesion volume re-
duction in patients receiving concurrent ICI-SRS 
in comparison with nonconcurrent therapy (58). 
In Nardin et al. study, the sequencing of SRS and 
pembrolizumab administration did not signifi-
cantly affect intracranial control or OS (66). Con-
trarily, according to an international meta-anal-
ysis (2019), concurrent ICI-SRS was associated 
with improved safety and efficacy compared to 
sequential therapy in patients with BM (191). 

In another study on patients with NSCLC, 
Singh et al. found no significant difference be-
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tween anti-PD-1-SRS and CT-SRS receivers with 
lesion volume < 500 mm3 in terms of survival, 
maximal percent lesional shrinkage, and time to 
maximal shrinkage (183). However, anti-PD-1 
receivers with lesion volume > 500 mm3 had a 
significantly higher amount of lesional shrink-
age after SRS and faster time to initial response 
and time to maximal shrinkage (183). According 
to the authors, in contrast to patients with mela-
noma, those with NSCLC-BM who received SRS 
did not significantly benefit from anti-PD-1 ther-
apy in terms of survival or total lesional response 
(183). Nevertheless, better volumetric response in 
those with lesion volume higher than 500 mm3 
might be beneficial in lesions causing mass effects 
(183). Concerning the safety of the SRS-ICI com-
bination, Fang et al. reported a 27% RNB rate, 
with a six-month median duration to RNB devel-
opment. However, co-administration of CT-SRS 
was associated with worse RNB-free survival at 
one year compared to co-treatment with ICI-SRS 
(310).

ICI-SRT/WBRT
A multicenter retrospective cohort study on 

835 patients with unresectable metastatic mel-
anoma, of whom 223 had BM, revealed no sig-
nificant survival or OR difference among patients 
with BM on ICIs with and without preceding 
RT (53). Additionally, according to the authors, 
there was no survival difference between preced-
ing WBRT and SRT (53). On the other hand, an-
other study on 13 MBM patients illustrated that 
co-treatment with WBRT and ipilimumab could 
lead to an effective response with an iDCR of 56%. 
However, this study showed that combining ipili-
mumab and SRS mostly leads to SD rather than 
BM regression (309). Albeit not conclusive, these 
findings, together with other studies, suggested 
promising efficacy and safety profile of ICI-RT 
co-administration in MBM (288, 290, 292).

Investigating 269 patients (34% with BM) with 
NSCLC on PD-1 inhibitors, Samuel et al. suggest-
ed that RT addition during or within three months 
of starting anti-PD-1 was neither associated with 
increased toxicity nor with improved survival 
(192). On the other hand, according to Hang et 
al. study, compared to non-concurrent anti-PD-
1-RT and anti-PD-1 monotherapy, concurrent 
treatment resulted in a higher immune-related 

(ir)-ORR, ir- DCR, and ir-PFS among patients 
with treated or newly diagnosed BM from lung 
cancer (100), although the median OS did not 
significantly differ (100). Qian et al. also indicat-
ed higher response rates, as well as lower PD rate, 
local recurrence, and time to response with con-
current ICI-RT (defined as RT on the same day 
or in between doses of a CT course) compared 
to non-concurrent ICI-RT (but within 90 days) 
among patients with MBM or NSCLC-BM (101). 
Liao et al. indicated a better OS (but not PFS) in 
patients with NSCLC-BM who received addition-
al anti-PD-1 therapy compared to those receiving 
WBRT alone, with no significant AE difference 
(95). A recent study by Trommer et al. suggested 
that despite its delayed therapeutic response, con-
current RT and anti-PD-1 therapy (initiating RT 
and ICIs within one month) was more effective 
compared to sequential/non-concurrent treat-
ment (at least one-month interval between ther-
apies) among BM patients, particularly in those 
with low pre-treatment inflammatory status, 
more or larger metastasis, and primary cancers 
other than melanoma (54). 

ICI-CT
To date, there are limited studies dealing with 

ICI-CT combination therapy in patients with BM, 
including NSCLC-BM (99, 123, 311) and SCLC-
BM (174). According to Takayama et al. study on 
patients with NSCLC-BM, those who have pre-
viously received brain radiotherapy - including 
those with larger/more symptomatic BM- benefit 
more from this combination therapy (311). In a 
recent study on 19 patients with EGFR/ALK-pos-
itive NSCLC with BM, Zhu et al. suggested that in 
patients who progressed after receiving TKI ther-
apy, ICI coupled with CT and bevacizumab may 
be a safe option with synergistic anti-tumor action 
for BM (99). Tsuchiya-Kawano et al. conducted 
the first prospective study evaluating the intracra-
nial response to ICI therapy (ipilimumab) com-
bined with platinum-based CT in patients with 
NSCLC-BM (NIke Trial (LOGiK2004)) (123). 
Study enrollment was initiated in May 2021 and 
will last for 2.5 years. According to the research-
ers, nivolumab-ipilimumab in combination with 
platinum-based CT may provide a new treatment 
option for patients with NSCLC-BM if it shows 
intracranial activity in this trial (123). Overall, al-
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though the combination of ICIs and CT demon-
strated promising results in patients with BM, the 
efficacy and long-term AEs of this combinatory 
therapy need to be more precisely elucidated in 
prospective studies.

Conducting a meta-analysis of 6 related stud-
ies, accounting for 2905 patients (10.8% with 
baseline BM) with extensive-stage SCLC, Zhou et 
al. recommend that ICIs-CT was associated with 
significantly improved OS in the total population 
(174). However, when combined with CT, PD-1 
and PD-L1 inhibitors showed a statistically signif-
icant OS improvement, while CTLA-4 inhibitors 
did not. Additionally, in patients with baseline 
BM, ICIs-CT showed no survival benefits over 
CT alone (174). Further studies in the population 
with BM are required to assess the safety and effi-
cacy of this regimen in SCLC-BM. 

Conclusion
Although still inconstancy exists regarding the 

efficacy/safety of ICIs in patients with BM, the 
majority of evidence support their use as mono-
therapy, paired immunotherapy, or combined 
therapy with conventional treatments. Inconsis-
tencies between the study findings might be due 
to differences in the study-related characteristics 
(cross-sectional vs. retrospective vs. prospective, 
follow-up durations), treatment-related charac-
teristics (systemic pre-treatment, concurrent vs. 
sequential therapy for combination therapies, 
fractionation scheme, RT dose, the interval be-
tween diagnosis and receiving treatment, etc.), 
study population-related characteristics (comor-
bidities, patients’ overall status, developing irAEs, 
staging at treatment initiation, baseline lactate 
dehydrogenase (LDH) level and other laboratory 
characteristics, etc.), primary tumor-related char-
acteristics (primary site of the disease, staging, 
lesion volume, presence and number of extracra-
nial metastases, etc.), and BM-related character-
istics (active vs. non-active BMs, the burden of 
intracranial disease and the number of metastatic 
sites, tumor mutation status and molecular sub-
types (EGFR mutated, ALK mutated, BRAF mu-
tated, RET mutated, etc.), and tumor mutational 
burden (312, 313), etc.). Abid et al. also suggested 
variable CNS penetration of PD-1 antibodies in 
different individuals (219). With respect to the 
importance of follow-up duration for interpreting 

study findings, Hilbers et al. showed that while an 
intracranial response rate of 50% was achieved 
at three months in patients with MBM who re-
ceived combined ICI-targeted therapy, it dropped 
to 13.9% at 12 months (56). All in all, before de-
ciding which treatment approach to choose, spe-
cific tumor characteristics, including histology, 
biomarkers, size, location, and symptomatology, 
as well as the patient’s characteristics should be 
considered (114).

Although patients with BM were excluded 
from most clinical trials assessing the effective-
ness of ICIs in metastatic cancers, the limited 
existing evidence regarding the impacts of these 
drugs on BM is promising. This evidence is most-
ly acquired from different phases of clinical trials 
comparing the utility of the immunotherapy ap-
proach combined with conventional treatment. In 
this regard, the current literature shows that ICIs, 
including anti-PD-1/PD-L1, anti-CTLA-4, and 
anti-LAG3 can play beneficiary roles in terms of 
improving different remission indices like ORR, 
CR, PR, and DCR in patients with BM. Addition-
ally, ICIs usually do not expose patients to more 
AEs than conventional therapies. Hence, ICIs can 
be considered attractive therapeutic approaches 
for improving the prognosis of BM patients and 
might have even the potential to be used as first-
line treatment in BM originating from most sol-
id tumors in the future. Nevertheless, before this 
point is reached, there is a substantial need for 
conducting more eligible randomize-controlled 
clinical trials studying high numbers of individ-
uals with BM to elaborate on these drugs’ efficacy 
more reliably. 
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