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Pembrolizumab in brain metastases of 
diverse histologies: phase 2 trial results
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Brain metastases (BMs) are an emerging challenge in oncology due to 
increasing incidence and limited treatments. Here, we present results  
of a single-arm, open-label, phase 2 trial evaluating intracranial efficacy  
of pembrolizumab, a programmed cell death protein 1 inhibitor, in  
9 patients with untreated BMs (cohort A) and 48 patients with recurrent 
and progressive BMs (cohort B) across different histologies. The primary 
endpoint was the proportion of patients achieving intracranial benefit, 
defined by complete response, partial response or stable disease. The 
primary endpoint was met with an intracranial benefit rate of 42.1%  
(90% confidence interval (CI): 31–54%). The median overall survival,  
a secondary endpoint, was 8.0 months (90% CI: 5.5–8.7 months) across  
both cohorts, 6.5 months (90% CI: 4.5–18.7 months) for cohort A and  
8.1 months (90% CI: 5.3–9.6 months) for cohort B. Seven patients (12.3%), 
encompassing breast, melanoma and sarcoma histologies, had overall 
survival greater than 2 years. Thirty patients (52%; 90% CI: 41–64%) had 
one or more grade-3 or higher adverse events that were at least possibly 
treatment related. Two patients had grade-4 adverse events (cerebral edema) 
that were deemed at least possibly treatment related. These results suggest 
that programmed cell death protein 1 blockade may benefit a select group of 
patients with BMs, and support further studies to identify biomarkers and 
mechanisms of resistance. ClinicalTrials.gov identifier: NCT02886585

BMs have emerged as a growing problem in modern oncology due to 
their rising incidence and neuro-cognitive morbidity. Due to recent 
guidelines that recommend expanded screening for BMs1, an increas-
ing number of cancer patients present with intracranial lesions that are 
relatively small and minimally symptomatic. Other patients possess 

BMs in an inoperable location. These cases represent opportunities 
for central nervous system (CNS)-penetrant systemic therapy. How-
ever, many systemic therapies have demonstrated limited intracra-
nial efficacy, and the development of more effective treatments is an  
unmet need.
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in patients with PD-L1 expression < 1% (ref. 7), suggesting that PD-L1 
expression may be a biomarker for ICI response. On the basis of these 
studies, ICIs are often used as first-line treatment for patients with BMs 
from melanoma and NSCLC.

However, investigations of ICI therapy for BMs of non-melanoma 
or lung histologies in prospective clinical trials have been limited. This 
clinical scenario is of increasing importance, given the rising incidence 
of BMs for histologies that do not classically have a high CNS tropism (for 
example, gastrointestinal cancers)10. Furthermore, effective ICI therapy 
could have paradigm-shifting ramifications for patients with BMs. With 
improved intracranial antitumor activity, these treatments would reduce 
the need for surgical resection and intracranial radiation. Deferring, or at 
least decreasing the dose of, radiation would improve quality of life and 
functional outcomes through minimizing radiation-induced neurotox-
icity (for example, radiation necrosis and neurocognitive impairment). 
These survivorship considerations are timely issues, particularly as 
patients are living longer with both intracranial and extracranial disease 
control. However, while ICI-based paradigms have shown durable effi-
cacy for many solid tumors, the majority of trials historically excluded 
patients with BMs. Therefore, based on translational work suggesting 
that the immunosuppressive TME of BMs drives treatment resistance, 
we hypothesized that pembrolizumab, a programmed cell death protein 
1 (PD-1) inhibitor, would result in antitumor activity within the CNS. Given 
intracranial activity of pembrolizumab, coupled with studies showing 

The difficulty in treating BMs is due, in part, to distinct muta-
tional and transcriptional differences between BMs and extracranial 
metastases (ECMs)2–4. Recent work suggests that the BM tumor micro-
environment (TME) is more immunosuppressive compared to that of 
primary tumors or ECMs. Several studies comparing patient-matched 
primary tumors and BMs found reduced T cell infiltration and expan-
sion, as well as inhibition of dendritic cell maturation and helper T cell 
signaling pathways, in BMs4,5. Single-cell profiling of patient-matched 
primary lung cancer, ECMs and BMs illustrated a profound shift toward 
immunosuppressive T cell phenotypes in BMs5. Therefore, a logical 
therapeutic strategy for BMs is to evaluate immune-based strategies 
that augment T cell cytotoxicity within BMs.

Recent studies have demonstrated considerable promise for 
immune checkpoint inhibitors (ICIs) in BMs6–8. The randomized phase 2  
CheckMate204 study (NCT02320058), which evaluated ipilimumab 
and nivolumab patients with asymptomatic BMs from melanoma, 
reported an intracranial benefit rate of 57% and a complete response 
(CR) rate of 26% (ref. 6). At the 3-year follow-up, the study population 
had an overall survival (OS) rate of 71.9% (refs. 8,9), suggesting that 
combination ICI therapy should be considered as a frontline option 
for melanoma patients with BMs. A subsequent open-label phase 2 
study (NCT02085070) reported a 29.7% intracranial response rate (RR) 
with pembrolizumab in non-small-cell lung cancer (NSCLC) patients 
with programmed death-ligand 1 (PD-L1) expression ≥ 1%, and 0% RR 
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Fig. 1 | Trial schema. A total of 58 patients with BMs were consented and enrolled to the study between October 2016 and October 2018. Cohort A enrolled 10 patients 
with at least one untreated BM, and cohort B enrolled 48 patients with progressive BMs.
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manageable adverse events (AEs)7,11,12, we designed a prospective phase 2  
study evaluating pembrolizumab in patients with treatment-naïve and 
recurrent BMs of diverse histologies.

Results
Trial
We conducted a phase 2 study to investigate the therapeutic effect of 
pembrolizumab in patients with CNS metastases. The trial included four 
cohorts: patients with previously untreated BMs (cohort A), recurrent 
BMs (cohort B), leptomeningeal carcinomatosis (cohort C) and those 
with 1–7 BMs undergoing stereotactic radiosurgery (cohort D). Per our 
prespecified analytic plan, cohorts A and B were combined for assess-
ment of outcomes, and cohorts C and D were analyzed separately. The 
results of cohort C were previously reported and included patients with 
leptomeningeal carcinomatosis13.

The primary endpoint for cohorts A and B was intracranial benefit 
combined for both cohorts, as defined by CR, partial response (PR) or 
stable disease (SD) by Response Assessment in Neuro-Oncology (RANO)14 
criteria for BMs. Secondary endpoints included OS, extracranial response 
(as defined by Response Evaluation Criteria in Solid Tumors (RECIST) 1.1 
criteria15), time to intracranial progression (TTPCNS), time to extracra-
nial progression (TTPextracranial) and toxicity. While these endpoints were 
assessed after combining cohorts A and B, the secondary endpoints of 
TTPCNS and TTPextracranial were also reported on a per-cohort basis.

Patients
Between 6 October 2016 and 16 October 2018, 58 patients were enrolled 
(Fig. 1). Cohort A (untreated BMs) enrolled 10 patients, and cohort 
B (progressive BMs) enrolled 48 patients. For cohort A, patients 
treated with prior radiation, surgical resection or systemic therapy 
for their primary or extracranial disease were allowed if they had at 
least one BM that had not previously been treated with any modality. 
Cohort B enrolled patients with progressive brain metastases after 
CNS-directed therapy, such as radiation or surgery. Tumor histologies 
of enrolled patients are listed in Table 1. For the breast cancer cohort, 

All Cohort

A B

N % N % N %

Prior systemic therapies 50 87.7 8 88.9 42 87.5

 � Median number of systemic 
therapies (range)

3 (1–16) 4 (1–6) 3 (1–16)

Prior BM-directed treatment

Intracranial radiation 41 71.9 0 0 41 85.4

 � Median number of prior rounds 
of radiation (range)

1 (1–6)

Prior brain surgery 45 78.9 1a 11.1 44 91.7

 � Median number of prior 
surgeries (range)

2 (1–4)

Prior systemic therapy 25 43.9 0 0 25 52.1

 � Median number of systemic 
therapies (range)

2 (1–15)

  Chemotherapy 21 36.8 0 0 20 41.7

  Targeted therapy 16 28.1 0 0 16 33.3

  Antibody–drug conjugate 9 15.8 0 0 9 18.8
aThe one patient in cohort A who received prior brain surgery underwent a 
ventriculoperitoneal shunt and a craniotomy (for diagnostic purposes) and immediately 
afterwards, the patient enrolled onto the study for intracranial disease given multiple new 
untreated BMs. ACC, adenoid cystic carcinoma.

Table 1 (continued) | Patient demographics and disease 
characteristics at enrollment

Table 1 | Patient demographics and disease characteristics 
at enrollment

All Cohort

A B

N % N % N %

Sex

Female 46 80.7 6 66.7 40 83.3

Male 11 19.3 3 33.3 8 16.7

ECOG performance status

0 25 43.9 5 55.6 20 41.7

1 28 49.1 4 44.4 24 50.0

2 4 7.0 0 0 4 8.3

Median age, years (range) 53 (28–80) 53 (34–75) 52 (28–80)

Initial primary tumor diagnosis

Breast 35 61.4 4 44.4 31 64.6

  HR+ HER2+ 9 − − − 9 −

  HR+ HER2− 7 − − − 7 −

  HR+ HER2 unknown 1 − − − 1 −

  HR− HER2+ 7 − − − 7 −

  Triple-negative 11 − 4 − 7 −

Melanoma 2 3.5 − − 2 4.2

  BRAF mutation 1 − − − 1 −

NSCLC-not otherwise specified 7 12.3 1 11.1 6 12.5

  EGFR mutation 2 − − − 2 −

  ALK rearrangement 1 − − − 1 −

Ovarian 1 1.8 1 11.1 − −

Renal cell carcinoma 1 1.8 − − 1 2.1

Extraosseous osteosarcoma 1 1.8 − − 1 2.1

Esophageal 1 1.8 − − 1 2.1

Neuroendocrine carcinoma 1 1.8 1 11.1 − −

Pituitary 2 3.5 − − 2 4.2

  Carcinoma 1 1.8 − − 1 1.8

  Neuroendocrine tumor 1 1.8 − − 1 1.8

Prostate 1 1.8 − − 1 2.1

Small-cell lung cancer 2 3.5 1 11.1 1 2.1

Unknown primary 1 1.8 1 11.1 − −

Advanced sinonasal ACC 1 1.8 − − 1 2.1

Alveolar soft-part sarcoma 1 1.8 − − 1 2.1

Extracranial metastatic disease? 40 70.2 8 88.9 32 66.7

  Lung 28 − 4 − 24 −

  Lymph node 22 − 8 − 14 −

  Bone 14 − 0 − 14 −

  Liver 9 − 3 − 6 −

  Visceral 7 − 2 − 5 −

  Adrenal 3 − 0 − 3 −

More than 1 BM?

  No 11 19.3 4 44.4 7 14.6

  Yes 46 80.7 5 55.6 41 83.4

Months since diagnosis of 
primary tumor, median (range)

36 (1–295) 23 (3–69) 38 (1–295)
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16 patients had HER2-positive disease, 17 patients had hormone recep-
tor (HR)-positive disease and 11 patients had the triple-negative sub-
type. For the 7 patients with NSCLC, two had EGFR mutations and one 
had an ALK rearrangement. For the 2 patients with melanoma, one 
had an activating BRAF mutation. The median time between initial 
cancer diagnosis and study enrollment was 36 months (range: 1–295 
months) for the entire cohort, 23 months (range: 3–69 months) for 
cohort A and 38 months (range: 1–295 months) for cohort B. Fifty 
patients (87.7%) received systemic therapies before enrollment;  
25 patients (43.9%) received CNS-specific systemic therapies fol-
lowing the initial diagnosis of BMs and before trial enrollment.  
The median number of prior CNS-specific systemic therapies was 2 
(range: 1–15). Forty-one patients (71.9%) received prior intracranial 
radiation, with a median of one prior round of radiation (range: 1–6). 
Forty-five patients (78.9%) underwent prior brain surgery, with a median 
of 2 prior intracranial surgeries (range: 1–4) per patient. Patients were 
allowed to receive additional antitumor-directed therapy after stopping  
protocol treatment.

Primary endpoint
As one patient withdrew consent before receiving pembrolizumab, the 
sample size for efficacy and safety analyses was 57 patients. Twenty-four 
patients exhibited intracranial benefit from pembrolizumab (Table 2). 
The overall intracranial benefit rate was 42.1% (90% CI: 31–54%). Per 
prespecified criteria, the overall trial endpoint would be met if 8 or more 
patients had intracranial benefit; therefore, our study met its primary 
endpoint. In total, 3 of 9 (33.3%; 90% CI: 10–65%) patients in cohort  

A and 21 of 48 (43.8%; 90% CI: 31–57%) patients in cohort B had intracra-
nial benefit. Intracranial efficacy was observed for diverse histologies, 
including breast, ovarian, pituitary and alveolar sarcoma (Extended 
Data Table 1). Thirty-seven percent of breast cancer patients (90% CI: 
24–52%) and 43% of NSCLC patients (90% CI: 13–77%) had intracranial 
benefit. All four breast cancer subtypes were enrolled and derived 
efficacy from pembrolizumab; however, no significant relationship 
between clinical benefit with breast cancer subtype (P = 0.55), HER2 
status (P = 0.73) or HR status (P = 0.31) was noted. No NSCLC patient 
with a known oncogenic driver had an intracranial response; however, 
our study only enrolled three patients meeting these criteria. Notably, 
five patients in our cohort (8.8%; 90% CI: 4–18%) had an intracranial 
response as defined by either PR or CR. The primary tumor histolo-
gies for these five patients were: NSCLC (N = 2), melanoma, alveolar 
sarcoma and prostate.

Secondary efficacy endpoints
Median OS was 8.0 months (90% CI: 5.5–8.7 months; Fig. 2). The median 
OS was 6.5 months (90% CI: 4.5–18.7 months) in cohort A and 8.1 months 
(90% CI: 5.3–9.6 months) in cohort B. The 1-year OS rate was 31% (90% CI: 
19–44%) and 2-year OS rate was 14% (90% CI: 6–24%). The median TTPCNS 
was 1.6 months (90% CI: 1.4–2.9 months; Fig. 3) for the entire cohort. 
The TTPCNS was 1.6 months (90% CI: 1.2–4.5 months; Extended Data 
Fig. 1) in cohort A and 2.2 months (90% CI: 1.4–3.1 months; Extended 
Data Fig. 1) in cohort B. The median TTPCNS, for the 24 patients with 
intracranial benefit, was 4.1 months (90% CI: 3.1–5.5 months). Notably, 
there were seven patients who survived for more than 2 years after 

Table 2 | Summary of response data for patients who experienced intracranial benefit (RANO and RECIST)

Case no. Cohort Primary tumor 
histology

Breast cancer subtype Best overall response 
(RANO)

Best extracranial response 
(RECIST)

Reason off treatment

7 B Breast HR + HER2+ SD PD PD

8 B Melanoma CR PR Toxicity

9 B Breast Triple-negative SD Unevaluable PD

16 B Pituitary SD Unevaluable Withdrew consent

25 B Breast HR + HER2+ SD PD PD

34 B NSCLC SD SD PD

40 B Breast HR + HER2+ SD SD Toxicity

47 B Pituitary SD SD PD

50 A Breast Triple-negative SD PD PD

51 B Breast HR + HER2− SD SD PD

56 A NSCLC PR—unsustained PD PD

57 B NSCLC CR SD Toxicity

58 B Breast Triple-negative SD PD PD

62 B Advanced sinonasal 
ACC

SD Unknown PD

63 B Alveolar soft-part 
sarcoma

PR—sustained SD On treatment

66 B Breast HR + HER2− SD SD PD

67 B Breast HR + HER2 unknown SD SD Withdrew consent

68 B Breast HR- HER2+ SD SD PD

69 A Ovarian SD PD PD

70 B Breast Triple-negative SD PR PD

71 B Melanoma SD PD PD

74 B Breast HR + HER2+ SD SD PD

77 B Breast HR + HER2− SD PD PD

78 B Prostate PR—unsustained SD PD
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enrollment; primary tumor histologies included: breast (N = 5; two had 
HER2-positive and HR-positive disease, two had triple-negative disease 
and one had HER2-negative and HR-positive disease), melanoma and 
alveolar sarcoma. There was no significant difference (P = 0.66) in OS 
between patients with active extracranial disease and those without. 
All but one patient was off pembrolizumab at time of data lock; reasons 
for discontinuation included progressive disease (PD; N = 45), unac-
ceptable toxicity (N = 5), subject withdrawal of consent (N = 5) and 
investigator decision (N = 1). For the 45 patients who stopped treatment 
due to intracranial PD, 10 patients (22.2%) had development of new BMs 
and 37 patients (82.2%) had progression of a known BM.

Seventeen patients did not have measurable extracranial disease 
at time of enrollment. For the remaining 40 patients, the extracranial 
disease RECIST RR was 7.5% (3/40; 90% CI: 2–18%) and extracranial 
benefit rate was 45% (18/40; 90% CI: 31–59%). Two patients in cohort A 
(25%; 90% CI: 5–60%) and 16 patients in cohort B (50%; 90% CI: 34–66%) 
had extracranial benefit. The median TTPextracranial was 4.5 months (90% 
CI: 2.7–8.0 months; Extended Data Fig. 2) for the entire cohort, 4.5 
months (90% CI: 1.2–6.7 months; Extended Data Fig. 3) for cohort A and 
4.6 months (90% CI: 2.7–8.1 months; Extended Data Fig. 3) for cohort B.

Safety and tolerability
The median number of cycles of pembrolizumab completed was 3 
(range: 1–14). All patients reported at least one AE and 36 patients 
(63%; 90% CI: 51–74%) had one or more grade-3 or higher AE of any 
attribution. Thirteen patients required treatment delays due to AEs. 
Five patients had pembrolizumab discontinued due to unacceptable 
toxicity from transaminitis (N = 4) and adrenal insufficiency from hypo-
physitis (N = 1). Fifty patients had one or more AEs of any grade that 
were at least possibly related to pembrolizumab (Table 3). The most 
frequently occurring AEs deemed to be at least possibly treatment 
related were: fatigue (N = 24), nausea (N = 15), headache (N = 12), vom-
iting (N = 10) and transaminitis (N = 10). Neurologic AEs were mostly 
grade 1–2, with several instances of grade-3 or higher encephalopathy 
(N = 4), cerebral edema (N = 3) and headache (N = 2). Thirty patients 
(52%; 90% CI: 41–64%) had one or more grade-3 or higher AEs that were 
at least possibly treatment related. Two patients had a grade-4 AE at 
least possibly treatment related.

Discussion
While immune-based therapies, such as ICIs, have the potential to aug-
ment immune activity within the CNS16–19, intracranial efficacy of ICI 
therapy outside of melanoma6 and NSCLC BMs7 is unknown as many 
immuno-oncology trials exclude patients with CNS disease. Conse-
quently, there is considerable variability in physician practice for BMs 
as practice patterns are derived from post hoc analysis of prior studies, 
likelihood of ICIs exerting extracranial response and anecdotal experi-
ence. To our knowledge, this study is the first histology-agnostic trial 
dedicated specifically for the BM population evaluating intracranial 
efficacy of pembrolizumab. Our study met its primary endpoint, dem-
onstrating a 42.1% intracranial benefit rate. These findings, combined 
with extracranial efficacy observed in diverse histologies6,7,11, provide 
additional evidence that ICI deserves further investigation as first-line 
treatment paradigms for BMs. However, the high toxicity rate of ICI 
underscores the importance of identifying predictive biomarkers  
of response.

Consistent with prior trials evaluating intracranial efficacy of 
systemic agents6,7,13,20, we chose intracranial benefit, which includes 
SD in addition to CR and PR, to screen for treatment efficacy. Given 
multi-institutional studies reporting median OS for patients with BMs 
at 4–6 months21–24, prolonged stability for a disease entity with limited 
therapeutics is clinically meaningful. Our intracranial benefit rate 
of 42.1% is compelling, because most patients had multiple BMs and 
exhausted all conventional or off-label treatments before enrollment. 
The median OS was 8.0 months, which compares favorably to existing 
OS data for BM patients21,22,24 and prior trials evaluating intracranial 
efficacy of systemic therapies7,20. The median TTPCNS, for the 24 patients 
who experienced intracranial benefit, was 4.1 months. Seven of these 
patients derived durable benefit (OS > 2 years) from pembrolizumab, 
encompassing breast, melanoma and sarcoma histologies. Therefore, 
given limited effective systemic therapies for BMs of non-melanoma 
or NSCLC histologies, our study presents encouraging evidence of 
intracranial activity in histology-agnostic BMs with PD-1 blockade. 
We note that the toxicities of pembrolizumab were clinically notewor-
thy and exceeded those seen in other studies evaluating anti-PD-1 or 
anti-PD-L1 monotherapy12,13,25–28, suggesting that further work is needed 
to optimize these promising treatments.
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Table 3 | Adverse events/toxicities new or worsening relative to enrollment, at least possibly related to treatment

Toxicity grade CTCAE v4.0

01-Mild 02-Moderate 03-Severe 04-Life threatening

Toxicity category CTCAE v4.0 Toxicity description CTCAE v4.0 N N N N

Blood and lymphatic system disorders Anemia 2 2 − −

Elevated white blood cells − 1 − −

Hepatotoxicity − 1 − −

Cardiac disorders Ventricular tachycardia 1 − − −

Ear and labyrinth disorders Vertigo 1 − − −

Endocrine disorders Adrenal insufficiency 1 1 1 −

Hyperthyroidism 1 − − −

Hypophysitis − − 1 −

Hypothyroidism 2 1 − −

Eye disorders Blurred vision 1 − − −

Conjunctivitis 1 1 − −

Double vision 1 − − −

Dry eye 1 − − −

Itchiness, right eye 1 − − −

Visual changes − 1 − −

Watering eyes 1 − − −

Gastrointestinal disorders Abdominal distension − − 1 −

Abdominal pain 2 − 1 −

Colitis 1 1 − −

Constipation 4 − − −

Diarrhea 4 1 1 −

Duodenal hemorrhage 1 − − −

Dyspepsia 1 − − −

Gastroesophageal reflux disease 1 − 1 −

Mouth sore 1 − − −

Nausea 8 6 1 −

Vomiting 4 6 − −

General disorders and admin site conditions Chills 4 − − −

Edema, limbs 1 1 − −

Facial numbness with lip tingling 1 − − −

Fatigue 14 9 1 −

Fever 2 1 − −

Gait disturbance 2 2 − −

Localized edema 1 − − −

Malaise 4 1 − −

Night sweats 1 − − −

Infections and infestations Infection, other; influenza B − 1 − −

Oral Thrush − 1 − −

Sinusitis − 1 − −

Upper respiratory infection − 1 − −

Investigations Alanine aminotransferase increased 6 1 1 −

Alkaline phosphatase increased − 1 1 −

Aspartate aminotransferase increased 6 1 3 −

Blood bilirubin increased 1 − − −

Elevated thyroid-stimulating hormone 1 − − −

Lymphocyte count decreased 1 − 1 −
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Toxicity grade CTCAE v4.0

01-Mild 02-Moderate 03-Severe 04-Life threatening

Toxicity category CTCAE v4.0 Toxicity description CTCAE v4.0 N N N N

Platelet count decreased 1 2 − −

Weight gain 1 − − −

Weight loss 1 − − −

Decreased white blood cells 1 1 − −

Metabolism and nutrition disorders Anorexia 7 2 − −

Hyperglycemia 3 − − −

Hypokalemia − − 2 −

Hypomagnesemia 1 − − −

Hyponatremia 4 − 1 −

Hypophosphatemia − 2 − −

Transaminitis 1 − − −

Musculoskeletal and connective tissue 
disorders

Arthralgia 3 − − −

Back pain − 2 − −

Body aches 1 − − −

Bone pain 1 − − −

Generalized muscle weakness 3 1 2 −

Muscle cramps, back and legs 1 − − −

Muscle weakness, left-sided 1 − − −

Muscle weakness, lower limb 1 − − −

Muscle weakness, right-sided − 1 − −

Myalgia 5 − − −

Myositis − 1 − −

Neck pain 2 − − −

Pain in extremity 1 − − −

Nervous system disorders Cerebral edema − 1 1 2

Dizziness 4 1 − −

Dysarthria − 1 − −

Dysgeusia 4 1 − −

Expressive aphasia − 1 − −

Facial muscle weakness 1 − − −

Headache 6 4 2 −

Memory impairment 1 − − −

Seizure 4 − − −

Somnolence − 1 − −

Syncope − − 1 −

Psychiatric disorders Anxiety 1 − − −

Confusion 2 − 4 −

Delirium − − 1 −

Depression 1 − − −

Insomnia 5 − − −

Respiratory, thoracic and mediastinal 
disorders

Cough 3 1 − −

Dyspnea 3 − − −

Pneumonitis 1 − − −

Skin and subcutaneous tissue disorders Alopecia 1 − − −

Dry skin 1 − − −

Table 3 (continued) | Adverse events/toxicities new or worsening relative to enrollment, at least possibly related to treatment
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Given evidence of efficacy, a logical next step is to identify traits 
predictive of benefit from pembrolizumab. While one may expect that 
treatment-naïve BMs would have improved sensitivity to treatment 
compared to pretreated BMs, cohort A had a shorter OS than cohort 
B, although the numbers were small. One potential explanation is that 
pretreated tumors may possess a higher somatic mutation burden and 
immunogenic neoantigens from prior treatment, which may render sus-
ceptibility to ICIs. In addition, cohort A had a large proportion of patients 
with tumor histologies associated with ICI resistance and/or poor progno-
sis (for example, small-cell lung cancer, ovarian cancer, cancer of unknown 
primary). There was also no clear link between intracranial efficacy and 
histology. We observed efficacy for histologies responsive to ICIs, as well 
as those traditionally resistant to ICIs (for example, HR-positive breast 
cancer, prostate cancer). We did not identify a relationship between 
intracranial benefit and breast cancer subtype. Further investigation is 
needed to identify TME features that confer intracranial sensitivity to ICI.

While these results are promising, many questions remain. 
Although the intracranial benefit rate was 42.1%, the intracranial 
RR was only 8.8%. Biomarkers of intracranial activity are needed to 
inform precision-based approaches, given the risk for AEs in a frail 
patient population. Principled study focused on our trial’s ‘exceptional 
responders’ is needed to identify specific facets of those patients’ 
tumor or TME that mediate intracranial response. To build upon this 
and other studies leveraging ICIs in BMs, omics-based and functional 
studies evaluating mechanisms of intracranial immune escape and 
ICI resistance may identify new therapeutic targets. Additionally, we 
note multiple instances of divergent response between extracranial 
and intracranial disease burden with ICIs. This observation illustrates 
a clinical conundrum, where CNS disease may be adequately addressed 
at the cost of extracranial progression and vice versa. Given molecular 
and TME differences between BMs and ECMs, we encourage multiorgan 
TME-based studies to identify intracranial and extracranial mediators 
of metastasis and ICI sensitivity. These targets may serve as the basis 
for rationally designed pembrolizumab combination regimens that 
may result in synchronous extracranial and intracranial response. 
To facilitate evaluation and clinical translation of these therapeutic 
strategies, we urge planning of clinical trials with flexible inclusion 
criteria for patients with untreated or progressive BMs. To this end, 
the US Food and Drug Administration published recommendations 
for planning of future studies in light of the increasing incidence of 
BMs and an urgent need for therapeutics with intracranial activity29. 
Patient-derived samples (for example, pretreatment and posttreat-
ment tissue, blood samples) from these trials are a valuable resource 
to identify potential biomarkers and mechanisms of resistance, which 
may then be used to propose new treatment strategies.

Our study had some limitations. First, our study did not possess a 
comparator arm through which to compare ICIs to best physician prac-
tice. Many patients had already exhausted conventional treatments and 

so there were no further feasible standard treatment options that could 
serve as an adequate control. Second, while our study had comparable 
results to prior BM trials, we found a limited overall OS and TTPCNS ben-
efit to pembrolizumab monotherapy. This phenomenon was likely due 
to the low intracranial RR and divergent responses observed between 
intracranial and extracranial tumor burden. Additionally, we note that 
our results were obtained in a population weighted toward heavily pre-
treated patients in a tertiary referral center and therefore may not be gen-
eralizable for the general oncology population. Nonetheless, our data 
suggest promising intracranial efficacy of pembrolizumab in diverse 
histologies, as heavily pretreated tumors often exhibit lower RRs to sys-
temic therapies compared to treatment-naïve tumors. In addition, there 
are few therapeutic options with intracranial efficacy for patients with 
tumor histologies that do not commonly spread to the CNS. This clinical 
scenario is increasing in incidence, and a pembrolizumab-based regi-
men may be a consideration for such patients. Next, we did not obtain 
health-related quality-of-life measures, which are an important future 
direction to measure the day-to-day impact that treatment-induced 
functional impairments have on quality of life.

Finally, our cohort contained a heterogeneous mix of histologies, 
including some that do not commonly spread to the CNS or respond 
to ICIs. Our study was initially planned in 2014, before studies demon-
strating intracranial efficacy of ICIs for melanoma and NSCLC. As these 
patients more commonly received ICIs as standard-of-care treatment, 
our study population was enriched with patients with breast cancer, a 
tumor type in which ICI monotherapy is not generally effective, and other 
tumor histologies with minimal therapeutics with intracranial efficacy. 
Nonetheless, we identified a subset of patients with durable intracranial 
stability, illustrating the promise of PD-1 blockade as the backbone of 
future therapeutic strategies for BMs, and warranting further evalua-
tion in larger studies. In addition, our results suggest that the decision 
to administer pembrolizumab should not be based on solely tumor 
histology, but perhaps a yet-to-be-determined facet of a patient’s tumor 
genome or TME. Further investigation into biomarkers of response and 
mechanisms of ICI resistance is needed. We also encourage further study 
of combination immunotherapy approaches for BM patients, such as 
using PD-1 blockade in the neoadjuvant setting or in combination with 
radiation or a systemic therapy targeting a germane feature of the TME. 
These studies will be instrumental to build upon this study’s promise 
to maximize efficacy and minimize toxicity. Finally, determining the 
effect of prior treatment (for example, radiation or targeted therapy) 
of BMs on intracranial efficacy of ICI therapy is an important area of  
future study to help guide stratification of patients in future trials.

In summary, we conducted a phase 2 trial evaluating efficacy of 
pembrolizumab in a BM cohort of diverse histologies. Our results sug-
gest that pembrolizumab exerts promising activity in a subset of these 
tumors and results in improved outcomes compared to historical con-
trols. We also demonstrate durable antitumor activity and manageable 

Toxicity grade CTCAE v4.0

01-Mild 02-Moderate 03-Severe 04-Life threatening

Toxicity category CTCAE v4.0 Toxicity description CTCAE v4.0 N N N N

Itchy skin − 1 − −

Pruritus 3 − − −

Rash, acneiform 2 − − −

Rash, maculopapular 2 − − −

Vascular disorders Hypertension − 1 − −

Hypotension − 1 − −

CTCAE, Common Terminology Criteria for Adverse Events.

Table 3 (continued) | Adverse events/toxicities new or worsening relative to enrollment, at least possibly related to treatment
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toxicity with pembrolizumab in a subset of patients. These results, 
combined with prior studies6,7, illustrate a potential paradigm shift 
in integrating immune-based therapies for BM treatment regimens, 
which have traditionally been centered around surgical resection and 
radiotherapy. However, this promising efficacy will need to be care-
fully balanced with the risk of toxicity. Therefore, while our trial met its 
primary endpoint, additional study regarding molecular or TME facets 
of BMs is needed to identify biomarkers of response or mechanisms of 
resistance. Those studies can be applied to enhance the therapeutic 
benefit of PD-1 blockade in rationally designed combinatorial regimens.

Online content
Any methods, additional references, Nature Portfolio reporting sum-
maries, source data, extended data, supplementary information, 
acknowledgements, peer review information; details of author con-
tributions and competing interests; and statements of data and code 
availability are available at https://doi.org/10.1038/s41591-023-02392-7.
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Methods
Study oversight
The study (Clinicaltrials.gov identifier NCT02886585) was designed 
by the principal investigators and conducted in accordance with the 
provision of the Declaration of Helsinki and Good Clinical Practice 
guidelines. The Dana-Farber Harvard Cancer Center (DF/HCC) Insti-
tutional Review Board approved the protocol. All patients provided 
signed informed consent. Funding was provided by Merck. The clinical 
trial protocol is included in the Supplementary Information.

Patients
Eligible patients had histologically confirmed disease from any meta-
static solid tumor and measurable disease in the CNS, defined as at 
least one metastasis that could be measured in at least one dimension 
as ≥5 mm. For cohort A (10 patients), patients must have had previously 
untreated BM. Patients with newly diagnosed, treatment-naïve primary 
tumors who presented with BMs were not allowed to forego available 
therapy that demonstrated a definitive OS benefit as first-line therapy. 
Therefore, the following diagnoses in the treatment-naïve setting were 
excluded: HER2-positive breast cancer, small-cell lung cancer and an 
oncogene-addicted NSCLC (for example, an EGFR or ALK mutation). In 
cases of treatment-naive systemic tumors, only patients for whom there 
was no available therapy with a definitive OS benefit were permitted. 
Otherwise, enrolled patients in cohort A had to progress on at least one 
line of prior therapy for their primary tumor.

For cohort B (48 patients), patients must have had progressive 
BMs immediately before enrollment. Any number of BM-directed 
therapies, such as surgery, radiation and systemic therapies with CNS 
penetration, were allowed. For patients with prior intracranial radia-
tion, there must have been unequivocal evidence of progression of at 
least one lesion treated by radiation (for example, tissue confirmation 
or discussion in a multidisciplinary tumor board). Participants who had 
chemotherapy, targeted therapy, immunotherapy or radiotherapy 
within 2 weeks before trial enrollment were excluded. To minimize the 
risk of enrolling patients with pseudo-progression, patients with prior 
intracranial radiation must have unequivocal evidence of progression 
(for example, biopsy). Concurrent radiation or systemic therapy, other 
than aromatase/hormone inhibition or ovarian suppression, were not 
allowed. Other key inclusion criteria included the following: age ≥ 18 
years, ECOG performance status ≤ 2 and stable dose of dexamethasone 
at 2 mg or less for at least 7 d before start of trial. Key exclusion criteria 
included leptomeningeal involvement of cancer and prior treatment 
with an anti-PD-1, anti-PD-L1 or anti-PD-L2 agent.

Study design, treatment and endpoints
The Dana-Farber/Harvard Cancer Center Data and Safety Monitoring 
Committee reviewed all toxicity and accrual data. Pembrolizumab 
was administered intravenously at 200 mg every 3 weeks until disease 
progression, death or unacceptable toxicity. Dose reductions were not 
permitted; however, dose interruptions of up to 12 weeks were allowed 
for AEs. Treatment was resumed once AEs improved to grade 0–1 and 
corticosteroids (if started) were reduced to ≤10 mg of prednisone or 
equivalent.

Brain magnetic resonance imaging and computed tomography of 
the chest, abdomen or pelvis was obtained every 8 weeks for re-staging. 
Intracranial and extracranial efficacy was assessed centrally via blinded 
review by the Massachusetts General Hospital (MGH) Tissue Imag-
ing Metrics Core using RANO14 and RECIST (v1.1) (ref. 15) criteria for 
CNS and extracranial disease, respectively. The primary endpoint was 
intracranial benefit, defined as a best response of CR, PR or SD during 
treatment. Under these criteria, CR is defined as the disappearance 
of all CNS target lesions. PR is a ≥30% decrease in the sum of longest 
diameters (LDs) in CNS target lesions, relative to the baseline or nadir 
sum LDs, without new CNS lesions. This response must be sustained 
for at least 4 weeks, while on a stable corticosteroid dose. SD is defined 

as a <30% decrease and a <20% increase in the sum LDs of target lesions 
relative to baseline/nadir LDs, without new CNS lesions. Secondary 
endpoints include extracranial RR (defined as CR or PR, per RECIST), 
intracranial PFS, extracranial PFS, OS and toxicity using CTCAE v4.0.

Statistical analysis
This study was designed as an open-label, single-stage, single-arm 
phase 2 clinical trial with a target accrual of 58 patients to achieve 
at least 52 evaluable patients (that is, received at least one dose of 
pembrolizumab). The population comprised two cohorts that 
were combined for analysis: cohort A (untreated BMs) and cohort B 
(treatment-refractory BMs). The primary efficacy endpoint was the 
intracranial benefit rate based on RANO criteria. The study design 
compared a null intracranial benefit rate of 10% against an alternative 
of 24%. This null intracranial benefit rate was selected based upon 
recent clinical studies evaluating intracranial efficacy of systemic 
therapies in BM7,30–33. If at least 8 patients among the total of 52 had 
intracranial benefit, the primary efficacy endpoint would be met and 
pembrolizumab would be considered worthy of further study in this 
patient population. This design has a type-I error of 10% and power of 
89% (target type-II error of 15%).

Intracranial and extracranial benefit rates were summarized with 
90% exact binomial CIs. Toxicities that were new or worsening relative 
to baseline were summarized according to the worst grade occurring 
for each patient. The distributions of OS and PFS were presented using 
the method of Kaplan–Meier with 90% CI estimates using log(−log) 
methods. Clinical data were collected with InForm Software (ver-
sion 6.2). Data analysis was performed using SAS 9.4 (SAS Institute). 
No data were excluded from the analyses. As this was a non-blinded, 
non-randomized study, the investigators were not blinded to allocation 
during experiments and outcome assessment.

Reporting summary
Further information on research design is available in the Nature Port-
folio Reporting Summary linked to this article.

Data availability
The raw clinical and imaging data are protected due to patient privacy 
laws. Information is taken directly from the electronic medical record 
or original source generated by treating investigators (for example, 
email confirmations, AE logs). This is stored on a secured network drive 
to which only appropriately trained and delegated staff have access to. 
Lesion measurements are obtained from the Tumor Metrics Imaging 
Core online portal that uses a secure server to which only appropriately 
trained and delegated staff are granted access to. Any requests for raw 
and analyzed data should be sent in writing to P.B. and will be reviewed 
by the DF/HCC Institutional Review Board in an expeditious fashion (for 
example, approximately 6 months). Patient-related data not included 
in the paper were generated as part of a clinical trial and are subject to 
patient confidentiality. Any data and materials (for example, study 
protocol, clinical data or imaging data) that can be shared will require 
approval from the DF/HCC Institutional Review Board and a material 
transfer agreement. De-identified data then will be transferred to 
the inquiring investigator in an expeditious fashion over secure file 
transfer. The study protocol and statistical analysis plan are included 
with the submission.
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Extended Data Fig. 1 | Kaplan-Meier Estimate for Intracranial Progression-free Survival, by Cohort. The median intracranial PFS was 1.6 months for cohort A (blue 
line - 90% CI: 1.2-4.5 months) and 2.2 months for cohort B (red line - 90% CI: 1.4-3.1 months).
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Extended Data Fig. 2 | Kaplan-Meier Estimate for Extracranial Progression-
Free Survival. The median extracranial PFS was 4.5 months (90% CI: 2.7-8.0 
months). Extracranial PFS was defined as the time of enrollment until the earlier 
of RECIST-defined disease progression or death. Patients who neither progressed 

nor died have follow-up that is censored at the date of last visit. CNS progression 
events are ignored. 53 of 57 patients (93%) experienced an extracranial PFS event. 
18 patients experienced systemic progression and 35 additional died without 
systemic progression.
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Extended Data Fig. 3 | Kaplan-Meier Estimate for Extracranial Progression-Free Survival, by Cohort. The median time to extracranial progression was 4.5 months 
(blue line - 90% CI: 1.2-6.7 months) for cohort A and 4.6 months (red line - 90% CI: 2.7-8.1 months) for cohort B.
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Extended Data Table 1 | Intracranial benefit by histology of primary tumor

A summary of intracranial benefit according to primary diagnosis is presented. Clinical benefit occurred in 37% (13/35) of patients with breast cancer and 43% (3/7) of patients with NSCLC. 
Both patients with melanoma BMs achieved intracranial benefit. For patients with breast cancer, summaries according to cancer subtype are provided. Using a Fisher’s exact test with a 
two-sided P value, there was no significant relationship between clinical benefit and either breast cancer subtype (P = 0.55) or HR status (P = 0.31). No adjustment was made for multiple 
comparison.
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