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Abstract

Background The MAPK pathway is an emerging target across a number of adult and pediatric tumors. Targeting the down-
stream effector of MAPK, MEKI1, is a proposed strategy to control the growth of MAPK-dependent tumors.

Objective iIMATRIX-cobi assessed the safety, pharmacokinetics, and anti-tumor activity of cobimetinib, a highly selective
MEK inhibitor, in children and young adults with relapsed/refractory solid tumors.

Patients and Methods This multicenter Phase I/II study enrolled patients aged 6 months to < 30 years with solid tumors
with known/expected MAPK pathway involvement. Patients received cobimetinib tablet or suspension formulation on Days
1-21 of a 28-day cycle. Dose escalation followed a rolling 6 design. The primary endpoint was safety; secondary endpoints
were pharmacokinetics and anti-tumor activity.

Results Of 56 enrolled patients (median age 9 years [range 3-29]), 18 received cobimetinib tablets and 38 cobimetinib
suspension. Most common diagnoses were low-grade glioma (LGG; n = 32, including n = 12 in the expansion cohort) and
plexiform neurofibroma within neurofibromatosis type 1 (n = 12). Six patients (11 %) experienced dose-limiting toxici-
ties (including five ocular toxicity events), which established a pediatric recommended Phase II dose (RP2D) of 0.8 mg/
kg tablet and 1.0 mg/kg suspension. Most frequently reported treatment-related adverse events were gastrointestinal and
skin disorders. Steady state mean exposure (C,,,,, AUC, ,,) of cobimetinib at the RP2D (1.0 mg/kg suspension) was ~ 50
% lower than in adults receiving the approved 60 mg/day dose. Overall response rate was 5.4 % (3/56; all partial responses
in patients with LGG).

Conclusions The safety profile of cobimetinib in pediatrics was similar to that reported in adults. Clinical activity was
observed in LGG patients with known/suspected MAPK pathway activation. Cobimetinib combination regimens may be
required to improve response rates in this pediatric population.

Clinical Trial Registration ClinicalTrials.gov NCT02639546, registered December 24, 2015.
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iMATRIX-cobi is the first study to investigate the safety,
pharmacokinetics, and therapeutic activity of cobi-
metinib in pediatric and young adult patients with previ-
ously treated solid tumors.

The single-agent safety profile of cobimetinib in pedi-
atric patients was similar to that observed in adults, but
steady state mean exposure of cobimetinib at the RP2D
was approximately 50 % lower than in adults receiving
the approved dose.

A best objective response of partial response was seen
in three patients with LGG; combination regimens may
further improve response rates in this patient population.

1 Introduction

Dysregulation of the MAPK pathway is a major oncogenic
driver in a number of pediatric tumors [1-7], most notably
low-grade glioma (LGG) [8-10]. Targeting MEK1, a down-
stream effector of MAPK, is a proposed strategy to control
the growth of tumors that depend on this signaling cascade.

Cobimetinib is a highly selective inhibitor of MEK1/2.
The recommended Phase II dose (RP2D) in adults is 60
mg/day (Days 1-21 of each 28-day cycle), with most fre-
quent toxicities of diarrhea, rash, fatigue, and edema [11].
Cobimetinib has a moderate rate of absorption in adults,
with a median time to maximum concentration of 2.4 hours
[12]. Combining cobimetinib and the BRAF inhibitor
vemurafenib significantly improved investigator-assessed
progression-free survival (PFS) and objective response rate
(ORR; both p < 0.0001) versus vemurafenib plus placebo
in a randomized Phase III study in adults with unresectable/
metastatic BRAF V600E/K-mutated melanoma [12]. These
data led to the approval of cobimetinib for the treatment of
adults in this setting in combination with vemurafenib [13,
14].

Pediatric data for cobimetinib are lacking. Cytotoxic
effects have been demonstrated on a number of pediatric
cancer cell lines, with activity observed in xenograft models
of pediatric solid tumors [Roche data on file]. We report
results from a Phase I/II study evaluating the safety, tol-
erability, and pharmacokinetics of cobimetinib, as well as
preliminary anti-tumor activity and biomarker data, in pedi-
atric and young adult patients with relapsed/refractory solid
tumors.
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2 Materials and Methods
2.1 Study Design and Participants

iIMATRIX-cobi (NCT02639546; ITCC-055) was a multi-
center, open-label Phase I/II study. Patients were recruited
from seven countries as part of the European Innovative
Therapies for Children with Cancer Consortium and Pedi-
atric Oncology Experimental Therapeutics Investigators’
Consortium. Enrollment occurred in two stages: dose esca-
lation (tablet and suspension formulations) and expansion
at the RP2D for patients with LGG. Patients were aged >
6 years and < 18 years for the tablet, > 6 months and <18
years for the suspension, and > 6 months and < 30 years
for expansion.

Eligible patients had histologically/cytologically con-
firmed tumors with known/expected MAPK pathway
involvement. These included: gliomas (high-grade glioma
[HGG] and LGG); embryonal rhabdomyosarcoma (RMS)
and non-RMS soft tissue sarcomas; neuroblastoma; mela-
noma; malignant peripheral nerve sheath tumor; rhabdoid
tumors, including atypical teratoid/rhabdoid tumor; neu-
rofibromatosis-1 (NF-1)-associated tumors (including
plexiform neurofibroma [PN]) and schwannoma judged by
the investigator to be life-threatening, resulting in severe
symptoms, or in close proximity to vital structures; and
any solid tumor or brain tumor that occurs with another
RASopathy, such as Noonan syndrome. Patients had
measurable/evaluable disease according to International
Neuroblastoma Response Criteria (INRC) [15], Response
Assessment in Neuro-Oncology (RANO) for HGG [16], or
Response Evaluation Criteria in Solid Tumors (RECIST)
v1.1 [17]; availability of tumor tissue; Lansky or Karnof-
sky performance status > 50 % for children aged < 16 or
> 16 years, respectively; and life expectancy > 3 months.
Prior to the availability of the suspension, body weight
had to be > 20 kg.

Exclusion criteria included: prior MEK inhibitors;
high-dose chemotherapy or stem-cell rescue within 3
months; chemotherapy, differentiation therapy, or immu-
notherapy within 4 weeks; thoracic or mediastinal radio-
therapy within 6 weeks; biologic or herbal cancer therapy
within 4 weeks or < 5 half-lives; investigational therapy
within 4 weeks; inability to swallow oral medication; and
impaired gastrointestinal absorption.

The study protocol was approved by the medical
authorities, institutional review board, and ethics com-
mittees according to local legislations and complied with
Good Clinical Practice guidelines and the principles of
the Declaration of Helsinki. Written informed consent was
obtained from parents, patients, or legal representatives.
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2.2 Procedures

Two pediatric formulations of cobimetinib were used: sus-
pension or 20-mg tablets, taken orally, Days 1-21 of each
28-day cycle, with/without food. Patients received a cumu-
lative weekly dose (rounded to the nearest 20 mg) based on
body weight.

Dose escalation investigated 0.6, 0.8, and 1.0 mg/kg tab-
lets, and 0.6, 0.8, 1.0, and 1.33 mg/kg suspension (doses
were capped at the adult 60 mg/day dose). Cohorts of 3—-6
patients were treated at escalating doses according to the
rolling 6 design. Dose-limiting toxicity (DLT) was assessed
during cycle 1 (see electronic supplementary material
[ESM]).

During dose expansion, patients with LGG with docu-
mented MAPK pathway activation were enrolled. The pri-
mary analysis was conducted after enrollment was com-
pleted and all enrolled patients had been followed for at least
12 months. Patients received cobimetinib as long as clinical
benefit was perceived, or until disease progression (PD),
death, unacceptable toxicity, or decision to discontinue.

2.3 Outcomes

The primary objective was safety and tolerability of cobi-
metinib. Secondary objectives: characterization of cobi-
metinib pharmacokinetics; anti-tumor activity (ORR and
PFS); duration of response (DoR); and overall survival (OS).
Exploratory objectives: analysis of MAPK pathway bio-
markers in tumor tissue at baseline, on treatment, and at PD.

2.4 Assessments

Adverse events (AEs) were graded according to the National
Cancer Institute Common Terminology Criteria for Adverse
Events v4.0. Patients underwent ophthalmologic examina-
tions including spectral domain optical coherence tomog-
raphy (OCT) at baseline, Days 8 and 15 of cycle 1, Day 1
of each subsequent cycle, and study drug discontinuation.
Plasma samples were collected pre-dose, at 2-, 4-, 6-, and
24-hours post-dose on Days 1 and 21 of cycle 1, and within
4 h pre-dose on Day 1 of cycle 2. Cobimetinib plasma con-
centrations were measured using validated liquid chroma-
tography—tandem mass spectroscopy (Covance, Madison,
WI, USA). Estimated pharmacokinetic parameters were
maximum plasma concentration (C,,,,) and exposure (area
under the concentration-time curve from 0 to 24 hours [AUC
0-24]1). Tumor assessments were performed after every 2
cycles. Investigator-assessed response was determined using
INRC, RANO, or RECIST vl.1. In the expansion phase,
response was assessed both by RANO and RECIST. Objec-
tive response rate was defined as a complete response (CR)
or partial response (PR) on two consecutive occasions > 4

weeks apart. Responses were assessed locally, with no cen-
tral response assessment performed. Progression-free sur-
vival was the time from initiation of cobimetinib to occur-
rence of PD or death, whichever occurred first. Duration of
response was the time from the first tumor assessment to
the time of PD or death. Overall survival was the time from
initiation of cobimetinib to death.

2.5 Statistical Analysis

Safety, pharmacokinetic, and therapeutic activity were
assessed within the safety-evaluable population, comprising
all patients who received study drug. Cobimetinib plasma
concentrations were used to perform a non-compartmen-
tal pharmacokinetic analysis with Phoenix WinNonlin
(v6.4, Certera, Princeton, NJ, USA). Median time-to-event
endpoints were estimated by means of the Kaplan-Meier
approach, with 95 % confidence intervals (CI) estimated
according to Brookmeyer and Crowley [18]. The clinical
cut-off date was November 27, 2019. All patients were fol-
lowed-up for > 12 months.

3 Results
3.1 Patient Demographics and Characteristics

Between May 2016 and November 2018, 56 patients were
enrolled and treated. Most common tumor types were LGG
(n = 32, including three NF1-related LGG), NF1-associ-
ated PN (n = 12), and HGG (n = 5) (Table 1). Eighteen
patients received cobimetinib tablets (0.6—1.0 mg/kg) and
26 the suspension (0.6—1.33 mg/kg). Twelve LGG patients
received the suspension (1.0 mg/kg) during dose expansion.
All patients were evaluable for safety, pharmacokinetics, and
anti-tumor activity.

Median patient age was 9 years (range 3-29). Patients
were enrolled at a median of 39.1 months post-diagnosis
(range 1.5-153.5), following a median of 5.0 prior treat-
ment lines (range 0—18). At clinical cut-off, 12 patients (21
%) remained on treatment, and 19 (34 %) were in follow-
up (Fig. 1). Median cobimetinib exposure was 4.1 months
(range 0.3-41.2).

3.2 Safety and Tolerability

Six patients (11 %) had DLTs: 1.0 mg/kg tablet (grade 3
headache, grade 2 retinal detachment); 0.6 mg/kg suspension
(grade 1 chorioretinopathy); 1.33 mg/kg suspension (grade
4 chorioretinopathy, grade 1 serous retinal detachment,
grade 1 pigment epithelial detachment) (ESM, Table S1).
The majority of these were resolving/had resolved. Thus,
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Table 1 Baseline demographic and clinical characteristics

Characteristic

Dose escalation

Dose escalation suspen-

Dose expansion

Overall population

tablet (n = 18) sion (n = 26) n=12) (n=56)
Median age, years (range) 9.5 (6-17) 9.0 (3-17) 5.0 (3-29) 9.0 (3-29)
Age group, n (%)
2 to < 6 years 0 3(12) 7 (58) 10 (18)
6to< 12 12 (67) 17 (65) 2(17) 31 (55)
12to < 18 6 (33) 6 (23) 2(17) 14 (25)
> 18 0 0 1(8) 1(2)
Sex, n (%)
Male 11 (61) 17 (65) 5(42) 33(59)
Female 7(39) 9 (35) 7 (58) 23 (41)
Lansky/Karnofsky score, n (%) (n=17) (n=21) n=9) (n=47)
>90 12 (71) 19 (90) 8 (89) 39 (83)
50-80 529 2 (10) 1(11) 8(17)
Tumor type, n (%)
LGG 7(39) 13 (50) 12 (100) 32(57)
PN in NF1 4(22) 8 (31) 0 12 (21)
HGG 4(22) 14 0 509
MPNST 0 2 (8) 0 24
Mediastinal yolk sac tumor 1(6) 0 0 1(2)
Neuroblastoma 1(6) 0 0 1(2)
Liposarcoma 1(6) 0 0 1(2)
ATRT 0 14) 0 1(2)
DNET in Noonan syndrome 0 1(4) 0 1(2)
Median weight, kg (range) 36.3 36.1 23.1 33.5
(20.0-56.7) (18.1-98.1) (10.2-100.9) (10.2-100.9)
Median lines of prior therapy?, n (range) 5.0 (1-13) 5.0 (0-18) 4.5 (1-7) 5.0 (0-18)
Prior radiotherapy, n (%) 7 (39) 7Q27) 1(8) 15 (27)
Prior surgery, n (%) 17 (94) 20 (77) 11 (92) 48 (86)

ATRT atypical teratoid/rhabdoid tumor, DNET dysembryoplastic neuroepithelial tumor, HGG high-grade glioma, LGG low-grade glioma,
MPNST malignant peripheral nerve sheath tumor, PN in NF1 plexiform neurofibroma in neurofibromatosis type 1

*Prior therapy includes systemic therapy, radiotherapy, surgery, and stem cell transplant

the pediatric RP2D was 0.8 mg/kg tablet and 1.0 mg/kg
suspension.

The AE profile was comparable across formulations
and age groups (ESM, Table S2). A similar proportion of
patients experienced treatment-related AEs (TRAEs) during
dose escalation (89 % for both formulations) and expansion
(92 %); most were grade 1/2 (55 %) (Table 2). Grade 3/4
AEs occurred at a comparable rate during dose escalation
(50 % tablet, 39 % suspension) and expansion (50 %). There
were no grade 5 AEs.

Adverse events of special interest (AESI) occurred in 25
patients (45 %): 33 % during tablet dose escalation, 50 %
during suspension dose escalation, and 50 % during expan-
sion. Most common AESIs were epistaxis (dose escalation:
17 % tablet, 12 % suspension; expansion: 33 %), aspartate
aminotransferase increased (dose escalation: 6 % tablet, 12
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% suspension; expansion: 17 %), and creatine phosphokinase
increased (expansion: 17 %).

Six patients (11 %) experienced TRAESs leading to cobi-
metinib withdrawal: 6 % during tablet dose escalation (1.0
mg/kg: grade 2 retinal detachment), 15 % during suspension
dose escalation (1.0 mg/kg: grade 2 epitheliopathy/keratitis;
1.33 mg/kg: grade 4 chorioretinopathy, grade 2 ECG QT
prolonged, grade 1 serous retinal detachment), and 8 % dur-
ing expansion (grade 4 encephalopathy). Five of these were
DLTs. Eleven deaths (20 %) occurred on study, all due to
PD.

3.3 Pharmacokinetics
Figure 2 shows mean plasma concentration-time profiles fol-

lowing single- (n = 26) and multiple-dose (n = 22) admin-
istration of cobimetinib suspension. Steady state mean
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Enrolled
N =56

Received cobimetinib
tablet during dose
escalation n =18

v

Received cobimetinib
suspension during dose
escalation n = 26

Discontinued study

n=11

* Death:n=5

Received cobimetinib
suspension in the
expansion cohort n =12

\4

Discontinued study

n=11

*Death:n=6

v

Discontinued study
n=3

* Lost to follow-up: n =1
* Patient decision: n=15

* Lost to follow-up: n = 2
* Patient decision: n =3

* Lost to follow-up: n = 1
« Patient decision: n =1
* Physician decision: n =1

v v

On study
n=7

On study
n=15

* On treatment: n =3
* In follow-up: n = 12

* On treatment: n =4
* In follow-up: n =3

Fig. 1 Patient status

cobimetinib exposure (C,,,., AUC, ,,) at the pediatric RP2D
in the expansion cohort (142 ng/mL and 1862 ng*h/mL,
respectively) was ~ 50 % lower than exposures reported for
adults receiving the approved dose (mean steady state C,,
and AUC_,4;,: 273 ng/mL and 4340 ng*h/mL, respectively
[12]), but high interpatient variability was observed. Mean
steady state exposure (AUC_,,) in pediatric patients was
2.5-fold higher than with single-dose exposure, consistent
with the mean accumulation ratio in adults (2.4-fold) [12].

Mean steady state cobimetinib exposure for 1.0 mg/kg
suspension during expansion (n = 9) was lower than dur-
ing dose escalation (n = 8). The geometric mean (%CV)
for C,,, was 116 (42 %) versus 179 (113 %) ng/mL and for
AUC,,_,, was 1402 (59 %) versus 2562 (104 %) ng*h/mL.
However, there was overlap in individual exposures between
the cohorts (ESM, Fig. S1). Although the half-life of cobi-
metinib could not be estimated, it was expected to be similar
to the half-life of 44 hours observed in adults [12].

3.4 Anti-Tumor Activity

No CRs were reported. Overall, 3/56 patients (5 %) had a PR
(all with LGG) and 33/56 (59 %) had stable disease (median
11.0 months) (Table 3). Tumors from two responding
patients were reported to have MAPK pathway alterations,
including an NFI mutation and an unspecified mutation
(ESM, Table S3). Disease progression occurred in 23 % of
patients, 2 % had non-CR/non-PD, 4 % were non-evaluable,
and data were unavailable for 7 %.

v

On study
n=9

* On treatment: n=5
* In follow-up: n = 4

Among the expansion cohort, 1/12 LGG patients (8 %)
achieved a PR and 1/12 (8 %) had a minor response (Table 3;
ESM, Fig. 2). Stable disease was recorded in 8/12 patients
(67 %) (median 7.2 months). Median DoR was not reached.

Median duration of survival follow-up was 15.0 months
(range 0.7-41.6). Median PFS was 20.2 months (95 % CI
9.3—not estimable) for all LGG patients and 14.8 months (95
% CI 3.6—14.8) for the expansion cohort (Fig. 3). Median
OS in the overall population was not reached.

3.5 MAPK Pathway Biomarkers

Local molecular data were provided for 36 patients. Among
28 LGG patients, 23 tumors were reported to have MAPK
pathway alterations: 18 harbored a BRAF alteration (primar-
ily KIAA1549-BRAF fusions or other BRAF duplication),
one an NF] mutation, and four had unspecified mutations
(ESM, Table S4). According to available information, five
tumors had no pathway mutation, and no molecular data
were provided for four patients.

pERK1/2 scores were available for three patients, two of
whom also had pMEK1/2 scores (ESM, Fig. 3a, b). Analysis
of pERK1/2/pMEK1/2 inhibition was therefore not feasible.
Ki67 scores were available for 33 patients (ESM, Fig. 3c).
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Table 2 Treatment-related adverse events

Patients, n (%) Dose escalation tablet (n = 18)

Dose escalation suspension (n = 26)

Dose expansion (n = 12)

Gl G2 G3 G4 Gl G2 G3 G4 Gl G2 G3 G4

Any treatment-related AE~ 7(39) 528 422 0 6 (23) 12 (46) 4 (15) 14 3@25 325 325 23017
Abdominal pain 4(22) 0 0 0 2(8) 2(8) 0 0 3(25) 0 0 0
ALT increased 1(6) 0 0 0 14) 0 14) 0 1(8) 0 0 0
Anemia 1(6) 0 0 0 14 0 0 0 1(8) 0 1(8) 0
Asthenia 0 0 0 0 0 0 0 0 0 0 1(8) 0
AST increased 1(6) 0 0 0 14) 0 14) 0 1(8) 0 1(8) 0
Blood CPK increased 0 1(6) 0 0 2(8) 14) 14) 0 0 0 1(8) 1(8)
Chorioretinopathy 0 0 0 0 14) 0 0 14) 0 0 0 0
Constipation 3(17) 0 0 0 14) 0 0 0 0 0 0 0
Decreased appetite 2(11) 0 1(6) 0 2(8) 0 0 0 1(8) 0 0 0
Dermatitis acneiform 0 0 0 0 4 (15) 14) 14) 0 1(8) 0 0 0
Diarrhea 8(44) 1(6) 0 0 2(8) 7 (27) 0 0 4(33) 0 0 0
Dry skin 2(11) 2(1) 0 0 4(15) 0 14 0 1(8) 0 0 0
Encephalopathy 0 0 1(6) 0 0 0 0 0 0 0 0 1(8)
Erythema 2(11) 0 0 0 2(8) 0 0 0 0 0 0 0
Fatigue 2(11) 0 0 0 623 O 0 0 27) 0 0 0
Headache 1(6) 0 1(6) 0 3(12) 2 0 0 1(8) 0 0 0
Nausea 3117 0 0 0 415 0 0 0 1(8) 0 0 0
Paronychia 0 0 0 0 2(8) 1(4) 14 0 0 0 0 0
Rash 3117) 0 0 0 2(8) 0 0 0 0 1(8) 0 0
Retinal detachment® 0 1(6) 0 0 2 (8) 0 0 0 0 0 0 0
Transaminases increased 0 0 0 0 0 0 14) 0 0 0 0 0
Vomiting 1(6) 2(11) 0 0 2 (8) 0 0 0 4(33) 0 0 0
Weight increased 0 0 1(6) 0 0 0 0 0 0 0 1(8) 0

AEs considered related to study treatment are presented. All grade 3/4 events are included (there were no grade 5 adverse events); grade 1/2
events occurring in > 10 % of patients in any study phase are shown. Multiple occurrences of the same AE in one individual are counted only
once at the highest grade. Other retinal detachment DLTs are listed for completeness.

AE adverse event, ALT alanine aminotransferase, AST aspartate aminotransferase, CPK creatine phosphokinase, DLTs dose-limiting toxicities, G

grade

*Includes retinal detachment (n = 1), serous retinal detachment (rn = 1), and pigment epithelial detachment (n = 1)

4 Discussion

iMATRIX-cobi is the first study to investigate cobimetinib
in pediatric and young adult patients with previously treated
solid tumors. Cobimetinib was generally tolerable, with a
safety profile consistent with that reported in adults. Most
AEs were grade 1/2.

The pediatric RP2D of cobimetinib was determined to
be 0.8 mg/kg tablet and 1.0 mg/kg suspension. Steady state
mean exposure (C,,., AUC ,,) in patients receiving 1.0 mg/
kg cobimetinib suspension was ~ 50 % lower than in adults
receiving the approved dose [12]. Since higher doses were
not tolerated, it was not possible to dose pediatric patients
to match the adult exposure. One hypothesis for the lower
exposure is differences in CYP3A variations in gut/liver in
young children versus adults. In adults, cobimetinib AUC
was 50 % lower in healthy subjects versus cancer patients at
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a similar dose. Exposures in pediatric patients with LGG are
comparable to those in healthy subjects, indicating similarity
with respect to cobimetinib disposition [19]. There were no
exposure-safety relationships in pediatric patients, similar
to adults [20].

Precision oncology trials have investigated MEK inhi-
bition in relapsed/refractory pediatric tumors [reviewed in
21]. The ORR we observed was low, with a PR of 5 %, all
in LGG patients. Some patients (59 %), particularly with
LGG and NF1-associated PN, experienced prolonged stable
disease, though PFS was not the primary study endpoint.

Phase I investigation of the MEK inhibitor selumetinib in
pediatric patients with recurrent/refractory LGG, 58 % with
pilocytic astrocytoma, revealed a PR (based on bidimen-
sional measurements on T2/FLAIR) of 20 % (5/25; four with
BRAF aberrations) and a 2-year PFS of 69 % [22]. Partial
response rates of 36 % (9/25) and 40 % (10/25), respectively,
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Fig.2 Mean (+SD) plasma concentration-time profiles for cobimetinib following a single dose (cycle 1 Day 1) and b multiple dose (cycle 1 Day

21) administration of oral suspension formulations. SD standard deviation

were reported with selumetinib in a Phase II study in chil-
dren with BRAF aberrations (KIAA1549-BRAF fusion or
BRAF V600E mutation) or NF1-type LGG [23]. A consid-
erably higher PR rate of 74 % (68 % confirmed) was reported
in a Phase II selumetinib study in pediatric patients with
NF1 and inoperable PN, with stable disease in 12 % [24].
This suggests that sensitivity to MEK inhibition may depend
on the molecular alteration within the MAPK pathway.

Final results from the trametinib study in pediatric
patients with NF1-associated PN are awaited. Prelimi-
nary data reported 12/26 patients (46 %) with PR and
10/12 responses (83 %) ongoing [25]. The selumetinib and
trametinib studies employed Dombi’s criteria [26], whereas
our study used RECIST for NF1-associated PN. These dif-
ferences may in part explain the observed lower ORR.

In pediatric LGG, aberrant MAPK signaling com-
monly occurs through BRAF activation, often involving a

KIAA1549-BRAF gene fusion or an activating BRAF V600E
point mutation [21]. Of our 28 LGG patients with available
molecular data, 18 had tumors that harbored a BRAF altera-
tion (primarily KIAA1549-BRAF fusion), one had an NFI
mutation, and four had unspecified mutations. Thus, in LGG
patients with site-reported pathway aberrations, the ORR
was 13 % (3/23). While differences in tumor assessment cri-
teria may have played a role, the ORR for cobimetinib was
not as high as reported with other MEK inhibitors.

The lack of prospective determination of NF1/RAS/RAF/
MEK/ERK alterations, and/or central confirmation of local
molecular data, is a major limitation of our study. Selection
of patients with tumors harboring known MAPK pathway
alterations may have yielded a higher ORR or enabled a
better understanding of responses against pathway activa-
tion status. In common with other MEK inhibitors [27],
cobimetinib can act as a substrate of P-glycoprotein [28];
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Table 3 Best overall response across key tumor types
Patients, n (%) Overall population (n  Dose escalation Expansion LGG (n  All LGG
=56) - =12) patients (n
LGG (n = 20) PN in NF1 (n = 12) ~32)
ORR* 3(5 2 (10) 0 1(8) 309
CR 0 0 0 0 0
PR 3(5 2 (10) 0 1(8) 309
Minor responseb NA NA NA 1(8)? NA
SD 33 (59) 10 (50) 12 (100) 8 (67) 18 (56)
PD 13 (23) 5(25) 0 2(17) 7(22)
Non-CR/Non-PD 1(2) 1(5) 0 0 1(3)
Non-evaluable 24 0 0 1(8) 1(3)
Not available 4(7) 2 (10) 0 0 2 (6)

In the dose-escalation stage, ORR was determined by International Neuroblastoma Response Criteria, Response Evaluation Criteria in Solid
Tumors (RECIST) vl1.1, or Response Assessment in Neuro-Oncology (RANO), as appropriate. For patients with LGG in the expansion stage,

ORR was determined by both RANO and RECIST vl1.1

CR complete response, LGG low-grade glioma, NA not applicable, ORR objective response rate, PD progressive disease, PN in NF-1 plexiform
neurofibroma in neurofibromatosis type 1, PR partial response, SD stable disease

“Confirmation of a MAPK pathway alteration was received for one patient with a PR whose tumor harbored an NF1 truncating mutation. For the
other two patients with a PR, the site confirmed no MAPK pathway alteration was present for one patient, and the site for the other patient did
not provide any information or the mutation status was unknown (see ESM, Table S3)
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Fig.3 Kaplan-Meier plot of PFS (per RECIST v1.1) for patients with LGG (safety-evaluable patients). CI confidence interval, LGG low-grade
glioma, NE not estimable, PFS progression-free survival, RECIST Response Evaluation Criteria in Solid Tumors

therefore, cobimetinib may not have reached sufficient con-
centration for optimal therapeutic benefit.

The DLT criteria and the occurrence of ocular toxici-
ties might have contributed to the relatively low expo-
sure of cobimetinib. While the DLT criteria defined in
this study with respect to ocular toxicities were very
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stringent, such a conservative approach was essential
for the population being studied. Seven patients had an
optic pathway LGG, and symptomatic retinal detach-
ment would have had potentially serious consequences
for those whose vision was already compromised. Future
studies would need to assess the benefit-risk ratio based
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on the specific indication to determine whether such DLT
criteria were appropriate. The relevance of ocular DLTs
being asymptomatic remains unclear, but may have been
because they were detected early, with OCT conducted on
Day 8, cycle 1. The early and more frequent ocular test-
ing implemented in this study was primarily due to the
known ocular toxicities observed in adults, which mostly
occurred around cycle 1 or 2 of treatment.

5 Conclusions

Cobimetinib was well tolerated in pediatric and young adult
patients with refractory/relapsed solid tumors with a pediat-
ric RP2D identified as 0.8 mg/kg tablet and 1.0 mg/kg sus-
pension. With only a few responses, the criteria to proceed
to further cohort expansion were not met. Combination regi-
mens and stringent selection for molecular alteration may
hold more promise for optimizing therapeutic outcomes for
pediatric patients with solid tumors.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s11523-022-00888-9.
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