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Abstract
Purpose Pediatric low-grade gliomas (pLGGs) are the most common CNS tumor of childhood and comprise a heterogenous 
group of tumors. Children with progressive pLGG often require numerous treatment modalities including surgery, chemo-
therapy, rarely radiation therapy and, more recently, molecularly targeted therapy. We describe our institutional experience 
using the MEK inhibitor, trametinib, for recurrent/progressive pLGGs.
Methods We performed a retrospective, IRB-approved, chart review of all pediatric patients treated with trametinib for 
recurrent/progressive pLGGs at Dana-Farber/Boston Children’s Cancer and Blood Disorder Center between 2016 and 2018.
Results Eleven patients were identified, of which 10 were evaluable for response. Median age at commencement of trametinib 
treatment was 14.7 years (range 7.3–25.9 years). Tumor molecular status included KIAA1549-BRAF fusion (n = 4), NF1 
mutation (n = 4), FGFR mutation (n = 1) and CDKN2A loss (n = 1). Median number of prior treatment regimens was 5 
(range 1–12). Median duration of treatment with trametinib was 19.2 months (range 3.8–29.8 months). Based on modified 
RANO criteria, best responses included partial (n = 2), minor response (n = 2) and stable disease (n = 6). Two patients remain 
on therapy (29.8 and 25.9 months, respectively). The most common toxicities attributable to trametinib were rash, fatigue 
and gastrointestinal disturbance. Five patients required dose reduction for toxicities. Two patients experienced significant 
intracranial hemorrhage (ICH) while on trametinib. While it is unclear whether ICH was directly attributable to trametinib, 
therapy was discontinued.
Conclusion Trametinib appears to be an effective treatment for patients with recurrent/progressive pLGG. The toxicities of 
this therapy warrant further investigation, with particular attention to the potential risk for intracranial hemorrhage. Early 
phase multi-institutional clinical trials are underway.
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Introduction

Pediatric low-grade gliomas (pLGGs) constitute a heterog-
enous group of WHO grade I and II tumors, and are the most 
common central nervous system (CNS) tumor in children 
[1, 2]. These tumors are histologically classified based on 
the most important constitutive cell type, which includes 
astrocytic, oligodendroglial, mixed oligoastrocytic or mixed 
glioneuronal morphology. Of these, pilocytic astrocytomas 
(WHO grade I) are the most prevalent CNS tumor in chil-
dren, accounting for almost one-quarter of all pediatric CNS 
tumors [3, 4]. For some patients, complete surgical resection 
of pLGGs in anatomically accessible locations of the brain 
and spine can be curative [5–7]. However, patients with 
tumors in eloquent anatomical regions typically cannot be 
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treated with complete resection and often require adjuvant 
therapy [1, 8]. These patients experience a higher rate of 
recurrence/progression and significantly greater tumor- and 
treatment-related morbidity [9, 10].

Multiple conventional chemotherapeutic regimens are 
used for the treatment of pLGG including combinations 
of carboplatin and vincristine (carbo/VCR); monotherapy 
with vinblastine (VBL), carboplatin, bevacizumab, or 
temozolomide; and combination therapy with thioguanine, 
procarbazine, lomustine and vincristine (TPCV) [10–15]. 
While these regimens are relatively efficacious in stabiliz-
ing disease, a significant proportion of patients still experi-
ence disease progression or recurrence during or subsequent 
to the completion of therapy. For example, the Children’s 
Oncology Group (COG) pLGG study, CCG A9952, showed 
an excellent 5-year overall survival (OS) of 86% for chil-
dren with pLGG without neurofibromatosis type 1 (NF1) 
but a significantly poorer 5-year progression-free survival 
(PFS) of 45% [10]. This discordance between OS and PFS 
in pLGG can be explained by the chronic indolent nature 
of pLGG, characterized by a slow, persistent and at-times 
erratic growth pattern throughout childhood and early 
adolescence, followed by a permanent cessation of tumor 
growth and senescence in early adulthood [16]. Malignant 
transformation is rare. For a subgroup of patients, pLGG 
represents a chronic disease for which multiple therapeu-
tic approaches are required to achieve disease control [17]. 
These chemotherapeutic approaches are associated with var-
iable side effect profiles including myelosuppression, immu-
nosuppression, need for central line access and its inherent 
infectious risk, peripheral neuropathy, ototoxicity, infertil-
ity and secondary malignancy [10]. While radiotherapy has 
been shown to be an effective treatment modality for LGG, it 
is often deferred or avoided in young children due to the risk 
of neurocognitive sequelae, endocrinopathies, secondary 
malignancy and cerebrovascular disease [18–21]. Addition-
ally, radiotherapy has also been shown to be an independent 
predictor of poorer overall survival in pLGG [17].

The mitogen activated protein kinase/extracellular-signal-
regulated kinase (MAPK/ERK) pathway has been identified 
as a critical pathway involved in the oncogenesis of pLGG 
[22–26]. Most commonly, alterations involving the MAPK/
ERK pathway in pLGG are due to the activation of the BRAF 
oncogene. In the vast majority of pilocytic astrocytomas, 
this occurs through a tandem duplication resulting in a 
KIAA1549-BRAF fusion. On the other hand, approximately 
10–20% of all pLGG harbor an activating BRAFV600 point 
mutation [27]. In addition to BRAF alterations, other somatic 
abnormalities involving the MAPK/ERK pathway have also 
been found in pLGG, further validating the key role of this 
oncogenic pathway in pLGGs [24]. Among others, these 
include abnormalities that affect NF1, FGFR1, KRAS and 
NTRK [28–30].

Targeting the MAPK/ERK pathway offers a novel thera-
peutic approach for incompletely resected or surgically 
inaccessible pLGG. MEK inhibitors, such as trametinib 
and selumetinib, are potent oral small molecule inhibitors 
of MEK1/2 (downstream target of MAPK pathway) that 
have been shown to cause regression of pLGG in vitro and 
in vivo [31, 32]. Recently, the Pediatric Brain Tumor Con-
sortium (PBTC) completed early-phase clinical trials of 
selumetinib in pediatric patients with recurrent, refractory 
or progressive LGGs. These trials established a tolerable 
toxicity profile and demonstrated efficacy of selumetinib 
in pLGGs harboring common BRAF aberrations and NF1-
associated pLGG [33, 34]. Given that selumetinib was 
only recently approved by the FDA for NF1-associated 
plexiform neurofibroma (approved 4/10/2020), trametinib 
(approved 5/29/2013) has in recent years been commonly 
used off-label in the treatment of patients with pLGG, with 
relatively limited data on the safety and efficacy in the 
pediatric population. Herein, we describe our institutional 
experience treating patients with recurrent/progressive 
pLGG with trametinib.

Methods

Patient selection

Patients treated for recurrent or progressive pediatric low-
grade glioma between 2016 and 2018 were identified using 
an institutional database. Eligible patients were treated with 
trametinib for recurrent or progressive pLGG at Dana-Farber 
Cancer Institute/Boston Children’s Cancer and Blood Dis-
order Center. Patients were excluded if they were treated 
with trametinib on a clinical trial. The Dana-Farber Cancer 
Institute institutional review board approved this retrospec-
tive review with waiver of individual consent.

Assessment

De-identified patient demographic information, clin-
icopathological features, molecular features, treatment 
regimens, clinical course, duration of follow-up and sur-
vival outcome were extracted from the medical records. 
KIAA1549-BRAF fusion was elucidated by FISH and/or 
array comparative genomic hybridization (CGH) in a CLIA-
certified laboratory. Additional somatic mutations and perti-
nent rearrangements were identified using a combination of 
BRAFV600 targeted PCR, CGH and OncoPanel, a validated 
targeted next-generation sequencing assay for the detec-
tion of somatic variants of cancer [35]. NF1 was diagnosed 
clinically.
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Analysis

Tumor response evaluations were performed by pediatric 
neuro-radiologist (JC) based on modified Response Assess-
ment in Neuro-Oncology (RANO) criteria [36]. In addition 
to the conventional RANO criteria, the modified RANO 
criteria includes minor response (MR), which is defined as 
25–50% reduction in tumor size. Grading for toxicities were 
based on the Common Terminology Criteria for Adverse 
Events (CTCAE) v5.0.

Results

Patient characteristics

We identified 11 patients (N = 6 males and 5 females) with 
radiological and/or histopathological features consistent with 
the diagnosis of pediatric low-grade glioma (pLGG) who 
were treated with trametinib for recurrent/progressive dis-
ease. Median age at start of trametinib was 14.7 years (range 
7.3–25.9 years). The majority of patients (n = 6) had tumors 
located in the optic pathway and/or hypothalamic region. All 
patients started treatment at the recommended adult dose 
of trametinib (0.025 mg/kg daily). The median number of 
prior treatment regimens was 5 (range 1–12), and the median 
treatment duration with trametinib was 19.2 months (range 
3.8–29.8 months). One patient (patient 6) was not eligible 
for toxicity/outcome evaluation due to early discontinuation 
of trametinib only one week after initiation of therapy, due 
to intratumoral hemorrhage diagnosed radiologically. Nine 
of eleven patients had histological confirmation of diagnosis 
of pLGG. Two patients with a clinical diagnosis of NF1 and 
optic pathway tumor did not undergo tumor biopsy. Molec-
ular testing was attempted on all patients who underwent 
tumor biopsy or resection, with one patient having insuf-
ficient tissue for testing. Molecular analysis identified four 
patients with KIAA1549-BRAF fusion, one patient with a 
FGFR mutation and one patient with heterozygous CDKN2A 
loss. Four patients had a clinical diagnosis of neurofibroma-
tosis type 1 and of these patients, two had confirmation of 
NF1 inactivating mutations on tumor testing with OncoPanel 
[35]. Patient characteristics are described in Table 1.

Response and outcome

Ten patients were evaluable for toxicity and/or response. 
Six patients achieved stable disease (SD), two patients 
achieved minor responses (MR) and two patients achieved 
a partial response (PR) as best response (Figs. 1, 2). The 
median time-to-best radiological response was 9.8 months 
(range 3.8–22 months) with no significant objective vis-
ual improvement observed in patients with optic pathway 

gliomas. Two patients remain on therapy with trametinib 
(29.8 and 25.9 months on therapy, respectively) and three 
patients discontinued treatment after experiencing dis-
ease progression during treatment with trametinib. Two 
patients discontinued trametinib due to significant toxic-
ity. Three patients (patients 4, 7 and 10) completed their 
respective planned courses of treatment, with two patients 
continuing to show stable disease 3.3 and 2.9 years after 
completion of trametinib. The one other patient (patient 
7) showed evidence of disease progression after being 
off therapy for 6.5 months. Of note, patient 8 underwent 
a surgical procedure for tumor cyst progression after 
4.9 months of treatment with trametinib and was subse-
quently restarted on the drug. This patient was not consid-
ered to be evaluable for radiographic response after sur-
gical resection due to new radiological baseline. Patient 
responses are described in Table 1.

The most common toxicities observed were skin rash, 
fatigue and gastrointestinal disturbance. All of the ten evalu-
able patients experienced skin toxicity (Grade 1–3), seven 
(7/10, 70%) experienced gastrointestinal toxicities (Grade 
1–3) and six (6/10, 60%) experienced fatigue (Grade 1–3). 
Grade 1 eosinophilia was noted in four patients. One patient 
(patient 4) required treatment interruption and dose reduc-
tion for retinal pigment epithelial detachment, with resolu-
tion of side effect after holding treatment for 4 weeks. For 
this patient, trametinib was restarted at 75% dosing without 
recurrence of retinal pigment epithelial detachment. Two 
patients (20%) experienced alopecia/hair thinning. Five 
patients (50%) required dose reduction for toxicities. Of 
note, due to its unclear significance, creatine kinase levels 
were not uniformly followed in all patients. Both patients 
who had CK levels monitored demonstrated grade 1 ele-
vation and were asymptomatic. Toxicities are as listed in 
Table 2.

Two patients experienced symptomatic ICH while on 
trametinib (at 5 and 498 days), with another patient devel-
oping asymptomatic intratumoral petechial hemorrhage. 
Patient 1 experienced an atraumatic and acute neurological 
deterioration with alteration of mental status 16.4 months 
after commencing trametinib and was found to have a sig-
nificant intracranial hemorrhage including intratumoral and 
peritumoral components (Fig. 3). This patient suffered dev-
astating neurological sequelae including short-term memory 
loss, speech and swallow dysfunction and did not make a 
significant neurological recovery despite intensive reha-
bilitation. Patient 6 developed acute-onset right hemiplegia 
5 days after initiation of trametinib in the setting of previous 
surgical laser ablation for a left thalamo-capsular pilocytic 
astrocytoma and was found to have a significant intratu-
moral hemorrhage. She regained some degree of functional 
strength with intensive rehabilitation. Patient 5 developed 
asymptomatic intratumoral petechial hemorrhage 22 months 
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after trametinib. While it is unclear whether these incidences 
of ICH were attributable to trametinib, therapy was discon-
tinued immediately for all three patients.

Discussion

Despite excellent long-term overall survival, incompletely 
resected pLGGs are often associated with substantial dis-
ease-related morbidity and frequent disease recurrences 
necessitating multiple modalities of treatment including 

Fig. 1  Axial and sagittal T1 weighted contrast enhanced images demonstrate decreasing size of an enhancing tumor in the right globus pallidus 
(partial response per modified RANO)

Fig. 2  Axial T2 weighted and sagittal T1 weighted contrast enhanced images demonstrate gradually decreasing size and enhancement (dotted 
circle) of a mixed cystic and solid tumor centered in the right cervicomedullary junction (minor response per modified RANO)
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Table 2  Toxicities

Toxicity Grade No. of patients requiring 
dose reduction

No. of pts requiring 
permanent cessation of 
drug1 2 3 4

N
 Skin
  Acneiform rash
  Maculopapular rash
  Palmar-plantar erythrodysesthesia
  Inflammatory eruptions
  Dry skin

4 4 2

 Fatigue 1 4 1 1
 Gastrointestinal
  Diarrhea
  Nausea
  Abdominal discomfort
  Anorexia
  Stomatitis

4 2 1 2

 Paronychia 1 2
 Abnormal LFTs 1 1
 ICH 1 1 2
 Intratumoral petechial hemorrhage 1 1
 Ophthalmological
  Retinal pigment epithelial detachment 1 1

 Alopecia/hair thinning 1 1
 Hyperlipidemia 2
 Eosinophilia 4
 Elevated CK 2

Fig. 3  Axial and sagittal T1 contrast enhanced images demonstrate an 
optic pathway tumor with response at 5 months of therapy followed 
by gradually increasing size of the mass at 11 and 15 months. Axial 
T2* and sagittal T1 contrast enhanced images at 17 months on ther-

apy demonstrate development of tumoral hemorrhage (white arrow-
head) as well as intraventricular hemorrhage with layering of the 
blood product in the occipital horn of the left lateral ventricle (dotted 
circle)
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repeated aggressive surgical resection and numerous 
chemotherapy regimens. Even with these approaches, 
many patients suffer from significant neurological and 
endocrinological sequelae, including vision loss, growth 
failure, hypothalamic obesity and motor dysfunction [5, 
17, 37]. In recent years, development of targeted therapies 
has dramatically changed the landscape of pLGG treat-
ment by targeting the MAPK/ERK pathway, the char-
acteristic genetic aberration in pLGG [22–24]. Several 
drugs that target the MAPK pathway have been developed, 
including inhibitors of MEK1/2 (selumetinib, trametinib, 
binimetinib, cobimetinib) and BRAF (dabrafenib, vemu-
rafenib) [32, 34, 38]. These therapies offer both novel 
opportunities to patients with relapsed/refractory dis-
ease but also present unique challenges including distinct 
adverse effects [34, 38].

This cohort represents a relatively large case series of 
recurrent/progressive pLGG treated with trametinib and 
adds to the emerging literature on the use of these targeted 
agents in children and young adults with CNS tumors [39, 
40]. In this study, we report tumor responses in a heterog-
enous and heavily pre-treated patient cohort that includes a 
subset of patients with NF1. Of note, two patients with NF1 
optic pathway tumor did not undergo biopsy for histopatho-
logical confirmation and was diagnosed based on clinical 
and radiographic features. This practice is consistent with 
the recommendation from the NF1 consensus conference 
[41]. The heterogeneity in patient population, tumor loca-
tion and molecular diagnosis are in line with the published 
literature on pLGG [17, 27, 42]. Our findings show that 
the best radiological tumor response of PR occurred in two 
patients with NF1 (patient 2 & 11), while minor responses 
(MR) were observed in two patients with variable molecular 
findings including KIAA1549-BRAF fusion and heterozy-
gous CDKN2A loss. As best response, all evaluable patients 
had stable disease or better. Majority of patients had at least 
sustained stable disease, with three patients eventually dis-
continuing therapy secondary to clinical or radiographic 
progression. For patients with initial radiographic response 
(stable disease or better) prior to radiographic disease pro-
gression, median duration of disease stabilization was one 
year. Given the favorable response in this heavily pre-treated 
cohort, these findings support the use of trametinib as an 
effective treatment for recurrent/progressive pLGG and are 
consistent with several other smaller case series, as well as 
the recently published PBTC phase 2 trial of selumetinib in 
pediatric patients with recurrent, refractory or progressive 
pLGG [34, 39, 40, 43, 44].

Trametinib was generally well tolerated in our patient 
cohort. All evaluable patients experienced skin toxicity, 
with severity ranging from a mild maculopapular or acnei-
form rash to more significant inflammatory eruptions, 
requiring both topical and systemic antibiotic as well as 

anti-inflammatory management strategies. Skin toxic-
ity has been well established as the most frequent toxic-
ity with MEK inhibitors [39, 45, 46]. Paronychia is also a 
common side effect associated with MEK inhibitors, and 
these were seen in our patient group, with some requiring 
antimicrobial management. Despite its common occurrence, 
no patients in our cohort required dose reduction or therapy 
cessation for skin or nail toxicity. Other toxicities that were 
observed commonly included gastrointestinal disturbances 
and fatigue, with two patients undergoing dose reduction for 
these toxicities (see Table 2). One patient required tempo-
rary cessation and subsequent dose reduction of trametinib 
due to reversible grade 3 bilateral retinal pigment epithelial 
detachment. Of note, two patients in our cohort experienced 
significant intracranial hemorrhages (ICH) and one patient 
developed asymptomatic intratumoral petechial hemor-
rhage, all resulting in permanent cessation of trametinib. It 
is important to note that both patients with symptomatic ICH 
had tumor- and/or treatment-related factors that may have 
been causative or contributory to a risk of ICH. Patient 1 was 
noted to have a tumor with surrounding vascular enhance-
ment and had previously received bevacizumab, which has a 
known risk of hemorrhagic complications [47]. Patient 6, on 
the other hand, underwent laser ablation as a component of 
her surgical resection and it is unclear whether this contrib-
uted to her subsequent ICH. Of note, none of these patients 
exhibited any clinical (no bruising/bleeding/petechial rash) 
or laboratory findings (normal platelet counts) indicative 
of an increased risk of bleeding prior to developing ICH. 
Intra-tumoral hemorrhage and ICH have been reported in 
the literature with targeted biologic therapies. As such, until 
toxicity/safety data are available from larger cohorts, careful 
consideration is necessary when contemplating initiation of 
these therapies, especially in patients with other risk factors 
associated with the development of intratumoral/intracranial 
hemorrhage [48, 49].

Notably, our patient population represented an older 
cohort of patients with pLGG with a median age of 
14.7  years at start of trametinib. In addition, the tab-
let formulation often precludes administration in very 
young patients who may not be able to swallow tablets. 
In our cohort, there was a lack of significant improve-
ment in visual acuity. This lack of visual improvement is 
not unexpected, as longstanding visual impairment due 
to disease and optic nerve atrophy are generally thought 
to be irreversible [50]. Of note, one patient (patient 2) 
developed worsening of visual acuity despite excellent 
response to trametinib, necessitating cessation of therapy 
for clinical progression. Another interesting finding in our 
analysis was the time-to-best radiological response in our 
cohort. The median time-to-best radiological response in 
our cohort was 9.8 months, which is substantially longer 
than the time-to-best response previously described with 
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BRAF inhibitors [51]. In fact, one patient in our cohort 
had their best radiological response (24.6% tumor reduc-
tion) 22 months after initiation of treatment. Our find-
ing suggests the need for a protracted treatment course 
to achieve best tumor response and is consistent with the 
findings in patients with NF1-associated plexiform treated 
with selumetinib, where the median time-to-best response 
was reported after 20 cycles [52]. It is important to note 
however, that the long-term morbidity of targeted agents 
such as trametinib is not yet known, and the optimal treat-
ment duration for pLGG with these agents is unclear.

For several patients in our cohort, their histological 
diagnosis was finalized as low-grade glioma, without spe-
cific WHO grading. This reflects the difficulty in grading 
some pLGGs, given the well-established overlapping mor-
phological features of certain entities within this group. 
Precise histological diagnosis is particularly challenging 
for midline tumors, for which a small biopsy is typically 
all that is available [53]. It is noteworthy that all three 
patients in our cohort with histological diagnosis of low-
grade glioma (without specific WHO grading) had midline 
tumors. One patient in our cohort demonstrated heterozy-
gous loss of CDKN2A. This patient underwent compre-
hensive genetic testing that were otherwise negative except 
for this finding. While loss of CDKN2A has been associ-
ated with increased risk for malignant progression, the 
level of risk is unclear [54].

This study is limited by the small sample size and single 
institution retrospective design. In addition, this cohort is 
molecularly heterogeneous. Although this is consistent with 
the known landscape of pLGG, this also limits the ability 
to make more specific inferences or analysis. Despite these 
limitations, with the increasingly common use of trametinib 
for pediatric brain tumors, our experience adds meaningful 
clinical data to use of trametinib in pLGG.

Conclusion

In summary, our single institution experience shows that 
trametinib appears to be an effective treatment for patients 
with recurrent/progressive pLGG in a heterogeneous and 
pre-treated patient cohort. The toxicities of this therapy 
warrant further investigation, particularly the potential 
increase in risk for intracranial hemorrhage. Early-phase 
clinical trials using trametinib in the treatment of chil-
dren with pLGG are currently underway to better evaluate 
tumor response and toxicity profile in a larger cohort.
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