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Abstract
Introduction Immune checkpoint inhibition through PD-1 and CTLA-4 blockade has shown efficacy in some adult malig-
nancies and generated interest in pediatrics, including central nervous system (CNS) tumors. We describe our experience 
with immune checkpoint inhibition in recurrent/refractory pediatric CNS tumors.
Methods We performed a retrospective chart review of pediatric patients with recurrent or refractory CNS tumors treated 
with ipilimumab, nivolumab and/or pembrolizumab at Dana-Farber/Boston Children’s Hospital between 2018 and 2019.
Results Eleven patients were identified. Diagnoses included diffuse intrinsic pontine glioma (DIPG) (n = 2), high-grade 
glioma (HGG) (n = 5), ependymoma (n = 1), craniopharyngioma (n = 1), high-grade neuroepithelial tumor (n = 1) and non-
germinomatous germ cell tumor (NGGCT) (n = 1). Eight patients had recurrent disease, while three had refractory disease. 
Nine patients received combination therapy (ipilimumab/nivolumab); two patients received either nivolumab or pembroli-
zumab. Median time from diagnosis-to-treatment was 8 months (range 0.8–156). All patients received prior radiation therapy 
(RT), with median time from RT-to-immunotherapy was 3.8 years. One patient received concurrent then adjuvant immu-
notherapy with RT. Median duration of treatment was 6.1 months (range 1–25). Therapy was discontinued in nine patients: 
seven due to disease progression and two due to toxicity (colitis; transaminitis). Other pertinent toxicities included Type 
1 diabetes mellitus, hypothyroidism and skin toxicity. Based on iRANO criteria, best responses included partial response 
(n = 3), stable disease (n = 7) and progressive disease (n = 1). Durable response was noted in two patients.
Conclusion Immune checkpoint inhibition was relatively well tolerated in a cohort of pediatric patients spanning several 
CNS tumor diagnoses. Results from prospective clinical trials will be critical to inform clinical decisions.

Keywords Immunotherapy · Pediatric · CNS tumors · Recurrence · PD-1 and CTLA4

Introduction

Immune checkpoint inhibitors (ICIs) are a class of immuno-
therapy drugs that block co-inhibitory signaling pathways and 
promote T cell mediated immune response against tumor cells 
[1, 2]. Most commonly, these inhibitors act by either block-
ing the interaction between programed cell death 1 (PD-1) 
and programmed cell death ligand 1 (PD-L1) or through the 
inhibition of cytotoxic T lymphocyte antigen 4 (CTLA4) [1]. 
Blockade of the PD-1/PD-L1 pathway leads to the activation 
of T-cells in the tumor microenvironment and reversal of T-cell 
exhaustion, while CTLA4 inhibition prevents T-cell inhibition 
and promotes the activation and proliferation of effector T-cell. 
Ipilimumab activates the immune system by targeting CTLA4, 
whereas nivolumab and pembrolizumab target and block PD-1 
[1–4]. These agents have shown significant efficacy in adult 
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cancers, leading to regulatory approval of numerous drugs in 
this class for the treatment of melanoma, non-small cell lung 
cancer (NSCLC), renal cell carcinoma and others [1, 5].

Recurrent pediatric high-grade central nervous system 
(CNS) tumors remain a significant therapeutic challenge. They 
are associated with dismal outcome and a lack of standardized 
treatment approaches [6, 7]. Despite significant improvement 
in our understanding of tumor biology and cancer genomics, 
therapeutic options for children with high-risk tumors remain 
limited. ICI therapy is currently being evaluated in adults with 
CNS tumors through several clinical trials; initial results from 
these studies show minimal improvement in survival outcomes 
in the upfront and recurrent setting [8, 9]. Notably, in a small 
randomized study of adults with recurrent glioblastoma mul-
tiforme, neoadjuvant pembrolizumab given at the time of sur-
gery followed by continued adjuvant pembrolizumab showed 
durable improvement in progression-free and overall survival 
when compared to adjuvant pembrolizumab alone. In this 
study, neoadjuvant pembrolizumab was associated with acti-
vation of tumor-infiltrating lymphocytes and upregulation of 
interferon-gamma, resulting in enhanced local and systemic 
antitumor immune response [10]. This may provide a unique 
approach in the treatment of high-grade CNS tumors, and is 
currently under evaluation in pediatrics (NCT04323046).

The success of ICI therapy in a subset of adult cancers 
has generated substantial interest in its use in pediatric 
malignancies, including CNS tumors [2, 8, 11–14]. In a 
phase 1 dose escalation clinical trial in pediatric patients 
with advanced solid tumors, ipilimumab was shown to be 
safe in children, with a similar profile of immune-related 
adverse events (irAE) when compared to adult studies [11]. 
Colitis, rash, transaminitis, and endocrinopathies were the 
most common adverse events; they were reported in approxi-
mately 55% of patients, with 27% developing grade 3 or 4 
toxicities [11]. Various ICIs are currently being investigated 
in children with recurrent, refractory or progressive CNS 
tumors. Several of these clinical trial include treatment with 
pembrolizumab (NCT02359565), nivolumab/ipilimumab 
(NCT03130959) and REGN2810 (NCT0390869).

In recent years, there is evidence of the increasing use 
of commercially available ICIs in the treatment of pediatric 
CNS tumors, with limited data on safety and efficacy [12]. 
Herein, we report our single institutional experience using 
ICIs in the treatment of children and adolescents with recur-
rent and/or refractory CNS tumors.

Methods

Research design

Patients were identified using an institutional database and 
included in this retrospective study if they were treated with 

ICI therapy for recurrent or refractory pediatric CNS tumors 
between January 2018 and December 2019. Patients were 
excluded if this treatment was given on a clinical trial. Data 
collected from the electronic medical record included patient 
demographics, histopathological features and diagnosis, prior 
therapy, immunotherapy treatment type, toxicities related to 
immune checkpoint therapy, duration of therapy and radio-
graphic response. The Dana-Farber Cancer Institute IRB 
approved this retrospective review.

Molecular analysis and tumor mutational burden 
(TMB)

Results from OncoPanel, a validated targeted next-generation 
sequencing assay for the detection of somatic variants of can-
cer, was used to report TMB and molecular variations [15].

PD‑1/PD‑L1

PD-1 (740-4859, Ventana, predilute) and PD-L1 (SP142, 
Spring Bioscience, predilute) immunohistochemistry (IHC) 
testing was performed with adequate controls in a CLIA-cer-
tified histology laboratory on 4 microns formalin-fixed par-
affin-embedded tissue sections. The sections were examined 
by a neuropathologist (SA) with the pattern and intensity of 
staining noted. Positive PD-1 expression on IHC was defined 
as more than 1% immunolabeling of lymphocytes associated 
with tumor. Positive PD-L1 expression on IHC was defined as 
more than 1% immunolabeling of tumor cells.

Radiographic analysis

Radiographic response evaluations were performed by a pedi-
atric neuro-radiologist (JC) based on iRANO (Immunotherapy 
Response Assessment in Neuro-Oncology) criteria [16].

Toxicity

Grading for toxicity were based on the Common Terminol-
ogy Criteria for Adverse Events v5.0.

Statistical analysis

Continuous variables were reported as mean, standard devia-
tion, and/or median and ranges. Categorical variables were 
described by frequency and/or percentage.

Results

Eleven patients, five male and six female, with recurrent or 
refractory CNS tumors treated with ICI therapy were iden-
tified, with a median age of 13.9 years (range 4.1–20.7) at 
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time of treatment initiation with ICI. In this patient cohort, 
diagnoses included diffuse intrinsic pontine glioma (DIPG; 
n = 2), high grade glioma (HGG; n = 5), ependymoma 
(n = 1), craniopharyngioma (n = 1), high-grade neuroepithe-
lial tumor (HGNET; n = 1) and non-germinomatous germ 
cell tumor (NGGCT; n = 1). The patient with NGGCT had 
tumor markers and histopathology consistent with the diag-
nosis of a choriocarcinoma, both at diagnosis and at time of 
recurrence. All patients received up-front standard-of-care 
therapy according to their disease type, with chemother-
apy administered to six patients prior to ICI therapy. Two 
patients were treated with ICI as second line treatment, six 
as third line therapy and the remaining three after receiving 
three or more prior treatment regimens.

Eight patients had recurrent disease (five localized; 3 dis-
seminated recurrence), while three had refractory disease. 
All patients in this cohort were previously treated with radi-
ation therapy, with seven patients previously treated with 

focal radiation therapy (RT), while four underwent cranio-
spinal irradiation. The median time from completion of RT 
to start of ICI therapy was 3.8 years (range 0.1–14.5). Patient 
characteristics are listed in Tables 1 and 2.

Nine patients were treated with combination ICI therapy 
(ipilimumab/nivolumab). One patient received monotherapy 
with nivolumab and one patient received monotherapy with 
pembrolizumab. Dosing for the immune checkpoint inhibi-
tors were as follows: ipilimumab, 1 mg/kg; nivolumab, 
3 mg/kg; and pembrolizumab, 200 mg/dose; administered 
every 2–3 weeks (standard recommended dosing schedule). 
Median time from initial diagnosis to ICI treatment initia-
tion was 8 months (range 0.8–156). Three patients were on 
stable doses of corticosteroids at the time of commencing 
ICI therapy. Median duration of treatment was 6.1 months 
(range 1–25), with therapy discontinued in nine patients. 
Seven patients discontinued therapy secondary to disease 
progression, while two patients suffered from significant 

Table 1  Patient characteristics

ICI immune checkpoint inhibitor

Age at ICI therapy initiation

Median (years) 13.9
Range 4.1–20.7

N (%)

Sex
 Male 6 (55%)
 Female 5 (45%)

Diagnosis
 Ependymoma 1 (9%)
 High-grade glioma (HGG) 5 (45%)
 DIPG 2 (18%)
 Craniopharyngioma 1 (9%)
 NGGCT 1 (9%)
 High-grade neuroepithelial tumor (HGNET) 1 (9%)

Treatment
 Ipilimumab/nivolumab 9 (82%)
 Nivolumab 1 (9%)
 Pembrolizumab 1 (9%)

Median (range)

Total number of doses
 Ipilimumab 4.0 (2–4)
 Nivolumab 8.5 (3–49)
 Pembrolizumab 10.0

Duration of therapy (months)
 Ipilimumab/Nivolumab 3.2 (1.2–25.2)
 Nivolumab 3.8
 Pembrolizumab 6.3

Time-to-progression after ICI therapy initiation (months)
 Entire cohort 3.2 (1.2–16.2)
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irAE (colitis and/or transaminitis). Two patients remain 
on therapy at the time of data collection, after 18.5 and 
25.2 months (NGGCT and secondary HGG), respectively.

Based on iRANO criteria, best responses included partial 
(n = 3), stable (n = 7) and progressive disease (n = 1), All 
three patients who demonstrated partial response had recur-
rent/refractory high-grade tumors (Fig. 1). Durable response 
(defined here as > 12 months) was noted in three patients, 
one with HGG, one with anaplastic ependymoma and 
another with multiply recurrent progressive NGGCT (cho-
riocarcinoma). Notably, one of these patients with durable 
response initially demonstrated tumor growth, which likely 
represented pseudo-progression, given that repeat imaging 
after initial growth demonstrated sustained stable disease for 
over 2 years (Fig. 1). Two additional patients were initially 
thought to have pseudo-progression. However, both these 
patients demonstrated continued tumor growth on repeat 
imaging, were subsequently classified as true progression, 
and therapy was discontinued. In patients in whom pseudo-
progression was suspected, they were monitored closely and 
continued treatment with ICI. These patients did not require 
treatment with corticosteroids or other agents, and follow-up 
imaging to confirm pseudo-progression or progression were 
obtain after 2–3 months. Three patients (27%) eventually 
died of disease progression, while eight patients (72%) were 
alive at the time of data collection.

Ten patients (91%) developed toxicity of any grade while 
on therapy, six of these patients (54%) developed grade 3 or 
4 toxicity (Table 3). Of those patients with grade 3/4 toxicity, 
two were treated with monotherapy (nivolumab or pembroli-
zumab), the rest with combination therapy. One DIPG patient 
remained on combination therapy for 2.6 months without 
any toxicities. Grade 3 toxicities included rash (n = 1), coli-
tis (n = 1), mucositis (n = 1), type 1 diabetes (n = 1), fatigue 
(n = 1) and infection/wound dehiscence (n = 1). Two cases 
of grade 4 toxicity were noted, this included colitis with 
pembrolizumab and transaminitis/hyperbilirubinemia with 
ipilimumab/nivolumab, both of which were treated with cor-
ticosteroids. Treatment with corticosteroids was initiated for 
the patient who developed colitis and ICI therapy was held. 
After 5 weeks, symptoms resolved, steroids were weaned, 
and ICI therapy was resumed. At the time of data collection, 
this patent continued to receive therapy for three additional 
months without recurrence of colitis. For the other patient 
with grade 4 transaminitis and hyperbilirubinemia, ICI treat-
ment was discontinued permanently for toxicity, with these 
irAEs subsequently treated successfully with a slow taper of 
corticosteroids over four months.

Tumor mutation burden was assessed in five patients at 
diagnosis, with a mean and median of 6.08 and 5.3 (range 
3–10.6) coding somatic mutations per megabyte, respec-
tively. In our patient cohort, one patient with a secondary 
HGG had underlying Gorlin syndrome, with no other known D
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cancer predisposition syndrome known or found on test-
ing. PD-1/PD-L1 expression by IHC was completed in six 
patients. All patients tested negative for PD-1 expression, 
while one patient (NGGCT) demonstrated positive PD-L1 
expression.

Discussion

Despite the advancement in cancer genomics, the develop-
ment of various targeted therapies and novel clinical trials, 
the outcomes for children and adolescent with recurrent/
refractory CNS tumors have remained dismal with limited 
therapeutic successes. The approval of numerous ICIs in a 
number of adult malignancies and the development of pedi-
atric immunotherapy clinical trials has consequently led to 
the widespread off-label use of ICI therapy, though with 
limited data on their safety and tolerability in children. As 
the use of these agents becomes more common, it is impera-
tive to evaluate and document the efficacy of these drugs, 
understand the temporal and contextual situations that affect 
the immune microenvironment and more importantly, the 
side effects associated with the pediatric population.

We report our institutional experience with the off-
label use of FDA-approved ICIs in children with recurrent/
refractory CNS tumors. This represents one of the few case 
series reported in the pediatric population and adds to the 
emerging literature about the use of checkpoint inhibition 

Fig. 1  Axial MRI images showing a durable response to combination ipilimumab/nivolumab by patient with recurrent NGGCT and b initial 
pseudo-progression followed by disease response to combination therapy by patient with a secondary HGG

Table 3  Summary of adverse events

Grade 1 Grade 2 Grade 3 Grade 4
n (%) n (%) n (%) n (%)

All patients 8 (72) 5 (45) 5 (45) 1 (9)
Hepatic
 Transaminitis 3 (27) 4 (36) 1 (9)

Dermatologic
 Rash/Skin toxicity 3 (27) 1 (9)

Gastrointestinal
 Colitis 2 (18) 1 (9)
 Gastritis 1 (9)
 Oral mucositis 1 (9)

Neurologic
 Headache 3 (27) 2 (18)

Endocrine
 Diabetes type 1 1 (9)
 Hypothyroidism 1 (9)

Hematologic
 Thrombocytopenia 1 (9)

Other
 Fatigue 3 (27) 1 (9)
 Infection 1 (9)
 Nausea/weight loss 1 (9)
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in children and adolescent young adults with CNS tumors 
[12]. In this study, we report the overall tolerability of these 
agents, as well as the toxicities and clinical responses seen 
among a heterogenous population of CNS tumor patients. 
As best response, the majority of patients demonstrated 
either partial response or stable disease, with one patient 
having progressive disease. Impressively, durable response 
and continued treatment with immune checkpoint inhibi-
tion for over 18 months was demonstrated in two patients 
with aggressive malignant tumors, one of whom remains 
on therapy for over 2 years. Both of these patients were pre-
viously treated with standard chemotherapy and radiation 
therapy and were noted to have progressive disease prior to 
commencing ICI therapy. Sustained response and treatment 
duration of more than 2 years in the patient with secondary 
progressive HGG is impressive, particularly given the poor 
historical pooled OS of 5.6 months (6.9 months with immu-
notherapy) in patients with recurrent HGG, as reported by 
Klein et al. [7]. In addition, the durable response seen with 
the patient with progressive NGGCT is notable, given the 
dismal prognosis of patients with NGGCT who progress 
following RT and high-dose myeloablative chemotherapy 
with autologous stem cell rescue [17]. Despite the small 
number of successes, our experience highlights the potential 
of immunotherapy in a subset of pediatric CNS tumors. This 
is consistent with the experiences seen in numerous adult 
cancers, where some patients seems to respond better to ICI 
therapy than others [11, 12, 18–21].

In adult studies, monotherapy ICI has been associ-
ated with grade 3/4 toxicities in approximately 10–30% 
of patients. PD-1 inhibitors generally demonstrate better 
tolerability in comparison to CTLA4 inhibitors, when used 
as single agent [20, 22–25]. Combination therapy with 
ipilimumab and nivolumab was reported to cause signifi-
cant grade 3/4 adverse events in up to 40–60% of adult 
cases, as reported in the CheckMate studies [19, 20, 22, 
25, 26]. In pediatrics, several monotherapy ICI early phase 
clinical trials have been published. In a phase 1/2 clinical 
trial in pediatric patients with recurrent/refractory solid 
tumors or lymphoma, single agent nivolumab was associ-
ated with grade 3/4 adverse events in 36% of patients, with 
12% demonstrating grade 3/4 irAE. Monotherapy ipili-
mumab was shown to be associated with grade 3/4 irAE 
in 27% of patients in a pediatric phase 1 study for chil-
dren with advanced solid tumors [11, 27]. In our patient 
cohort, ICI therapy was generally well tolerated, with 
transaminitis being the most common toxicity, followed 
by headache, fatigue and skin toxicity (Table 3). Among 
the nine patients who received combination therapy with 
nivolumab and ipilimumab, four experienced grade 3 or 4 
toxicities, accounting for approximately 44% of this group. 
Only two patients experienced significant grade 4 toxicity 
for which treatment was discontinued, accounting for less 

than 20% of the entire cohort. The frequency of overall 
irAEs and significant grade 3/4 toxicity in our pediatric 
patient cohort is similar to those reported in other pediat-
ric and adult studies, suggesting relative safety and toler-
ability of ICI in this pediatric cohort. Of note, our cohort 
included two patients with DIPG, both of whom received 
therapy for a short duration before discontinuation of ICI 
secondary to disease progression. Despite minimal toxicity 
seen in this two patients, special consideration with ICI 
therapy should be taken when treating patients with CNS 
tumor who have large disease burden and limited space. 
This was exemplified in the Pediatric Brain Tumor Con-
sortium study with pembrolizumab, where patients with 
DIPG had rapid neurological deterioration and shorter 
median PFS than expected, leading to early closure of the 
study to patients with recurrent DIPG [14].

Consistent with its mechanism of action, many adverse 
events associated with ICI treatment are related to the robust 
activation of the immune system, leading to uninhibited 
immune responses and autoimmunity. Despite the severity of 
irAE which frequently requires intensive care, these events 
have been positively associated with anti-tumor response 
and improved outcomes. This correlation was first reported 
in melanoma, where cutaneous adverse events, specifically 
rash and vitiligo, along with any reported grade 3 or higher 
irAEs were associated with statistically significant overall 
survival benefit [28]. In addition, this finding was also shown 
in NSCLC, where irAEs were positively associated with sur-
vival outcome with median PFS and OS of 9.2 months and 
undefined, respectively, for patients with irAEs, in compari-
son to median PFS and OS of 4.8 months and 11.1 months, 
respectively, in patients without irAEs [29]. More recently, 
a meta-analysis evaluating correlation between irAEs of 
ICI and clinical benefit of Nivolumab treatment across 
various malignancies in 48 clinical trials showed a positive 
correlation in overall response rate with skin, gastrointesti-
nal and endocrine irAEs in melanoma, NSCLC, urothelial 
carcinoma, anal cancer and head and neck squamous cell 
carcinoma [30]. Similarly, a positive correlation in overall 
response rate and skin and gastrointestinal irAEs was also 
seen in melanoma, renal cell carcinoma, colorectal carci-
noma and malignant pleural mesothelioma patients when 
treated with combination ipilimumab and nivolumab [30]. 
Interestingly in our cohort of patients, among patients who 
were treated with ICI therapy for 12 months or longer, 50% 
(2/4) sustained immune-related toxicities. Perhaps more 
importantly, both these patients who developed irAE sus-
tained durable response to ICI therapy, with mucositis and 
type 1 diabetes in the NGGCT patient, and transaminitis and 
hypothyroidism in the patient with secondary HGG. Despite 
the small numbers, our findings are supportive of the posi-
tive correlation between irAEs and treatment response, and 
this warrant further investigation in pediatric CNS tumors.
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The presence of immune infiltrate in the tumor microen-
vironment has been shown to be correlated with response to 
ICI therapy, namely higher quantification of T-lymphocyte 
was predictive of better response to ICI therapy in vari-
ous malignancies [31–33]. It is unclear if this concept is 
similarly predictive in pediatrics. In fact, the prognostic 
significance of specific biomarkers such as PD-1/PD-L1 
expression, tumor mutational burden and immune infiltrate 
in pediatrics is unknown. Nonetheless, the correlation of 
immune infiltrate and response to ICI therapy is interest-
ing, as CNS germinomas have traditionally been character-
ized by a robust lymphocytic infiltrate on histopathology 
[34–38]. While this is thought to be less prevalent in CNS 
NGGCT, there is evidence in extracranial NGGCT of exten-
sive infiltration of CD8 + T-cells within an immunosuppres-
sive tumor microenvironment characterized by the presence 
of T-regulatory cells and PD-L1 expressing tumor cells [39]. 
In review of the histopathology for our patient with NGGCT, 
his tumor was noted to be diffusely positive for PD-L1 
expression. Therefore, his sustained response and survival 
from an aggressive, multiply recurrent disease with dis-
mal prognosis has therapeutic implications, as it highlights 
the potential use of ICI therapy in pediatric CNS tumors 
with known immune infiltrate and/or expression of PD-1/
PD-L1. In addition, it supports the consideration of a clinical 
trial evaluating the use of immune checkpoint inhibition in 
patients with progressive/recurrent CNS germ cell tumors.

In this study, we attempted to retrospectively evaluate 
the level of PD-1/PD-L1 expression as well as tumor muta-
tion burden for each patient and correlate those findings 
with clinical outcomes. While the prognostic significance 
of PD-1/PD-L1 expression is controversial in adults, there 
is evidence that TMB is associated with improved outcome 
with immune checkpoint inhibition [11, 12, 40–45]. This 
may be in part due to the association between mutational 
load and neoantigen formation, where a higher mutational 
load is associated with an increase in neoantigen formation 
and more robust activation of T-cells [3, 46, 47]. Unfortu-
nately, in our patient cohort, TMB for the majority of cases 
was not tested. In our cohort, only one patient demonstrated 
PD-L1 positivity out of the six patients who were tested, and 
this patient had a durable response to treatment. Given the 
small number of patients, it is not feasible to draw any sub-
stantive conclusions with regards to the relationship between 
PD-1/PD-L1 expression and response to ICI therapy in chil-
dren with CNS tumors.

This study has several limitations, related to it being a 
single institutional retrospective review with a small sample 
size. As a retrospective review, we recognize that this paper 
is subject to patient selection and informational bias which 
may have affected the observed results. Additionally, we 
report the result from heterogenous group of patients with 
varied histology in this small cohort, which limits our ability 

to interpret the efficacy of immune checkpoint inhibition in 
any specific tumor type. We acknowledge that our analysis 
would likely be more robust if the level of tumor mutational 
burden, PD-1/PD-L1 expression and additional IHC testing 
for immune cell infiltration were available for all patients, 
however, we were limited by the availability of tumor tissue.

Conclusion

With the expanding use of ICI therapy in pediatric malig-
nancies, this report describes the safety and tolerability of 
these drugs in a cohort of children with recurrent or refrac-
tory CNS tumors. Our experience showed that these agents 
are fairly well tolerated and this case series supports the 
continued formal exploration of ICI therapy in pediatric 
CNS tumors. Results from larger prospective trials currently 
underway will be critical in further understanding the role 
of these drugs in pediatric CNS tumors.
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