Single-agent dabrafenib for BRAF'"***mutated

histiocytosis

Langerhans cell histiocytosis (LCH) and Erdheim-
Chester disease (ECD) are clonal disorders of the mono-
cyte/macrophage and dendritic cell lineages character-
ized by infiltration of histiocytes, acute and chronic
inflammation, and fibrosis that can involve multiple
organ systems and cause a wide range of clinical manifes-
tations. Even though LCH and ECD are clinically and
pathologically distinct, both harbor BRAF'™"* mutations
in ~50% of cases,' and nearly 20% of patients with ECD
have a diagnosis of both ECD and LCH simultaneously
[mixed histiocytosis (MH)].> Several retrospective cases
and one prospective clinical trial have demonstrated that
BRAF'™* -mutated ECD/LCH can be treated with vemu-
rafenib with responses that are robust and durable.*’
Vemurafenib recently obtained approval by the Food and
Drug administration for treatment of BRAF'* -mutated
ECD on the basis of the VE-BASKET trial.® However,
many patients require dose reductions of vemurafenib, or
discontinuation, due to toxicity.** While there are no
direct comparisons of vemurafenib to dabrafenib, several
studies report a lower incidence of adverse events with

dabrafenib.”* There have been three single cases reported
of treatment of BRAF'™™ -mutated ECD”" with
dabrafenib, an alternative BRAF inhibitor approved for
treatment of BRAF'™*-mutant metastatic melanoma.
However, thus far there have been no LCH patients treat-
ed with dabrafenib, and there has been only one report
of treatment with dabrafenib in the setting of vemu-
rafenib intolerance."" Herein, we report a series of 11
patients, from three institutions, with ECD or ECD/LCH
treated with single agent dabrafenib as (1) initial histiocy-
tosis therapy, (2) following failure of chemotherapy or
radiation, or (3) following discontinuation of vemu-
rafenib therapy because of toxicity or intolerance.

This is a retrospective study of patients with ECD or
ECD/LCH treated between January 1%, 2014 and October
31%, 2017, at the Memorial Sloan Kettering Cancer
Center (MSKCC), NY, USA, the Department of
Hematology at Shaare Zedek Medical Center in
Jerusalem, Israel, and the University of Florida Health
Cancer Center at Orlando Health, FL, USA. This retro-
spective review was approved with a waiver of consent
by the Institutional Review Board.

ECD was diagnosed based on criteria which has been
previously published,” and in all cases tissue biopsy
demonstrated CD68*/CD1a" histiocytic infiltration in the

Figure 1. Radiologic response to single-agent dabrafenib in BRAF***-mutant histiocytoses. (A) Axial post-gadolinium T1-weighted MRI demonstrates enhancing
lesions in the cerebellar vermis bilaterally (red arrows), (B) that were resolved after four months of therapy. (C) Full-body FDG-PET demonstrates osseous (green
arrows) ECD prior to treatment with vemurafenib, (D) partial metabolic response after six months of vemurafenib, (E) relapse of disease (green arrows) after 12
weeks of treatment interruption, and (F) complete metabolic response after six months of dabrafenib. (G) ECD of the lungs (light blue arrows) on FDG-PET and
CT, (H) demonstrate partial metabolic response and radiologic near-resolution after four months of dabrafenib. (1) Osseous ECD of the femur (pink arrow) shows

(J) partial metabolic response after two months of dabrafenib.
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Table 1. Patients with BRAF"***-mutated histiocytosis treated with dabrafenib.

Pt  Diagnosis Age/ Clinical Organs Prior Initial Final  Response Toxicities Duration
Sex  symptoms involved therapies dose dose (FDG-PET/CT) (reason for of therapy
(LCH in bold) dose reduction  (ongoing
in bold) in bold)
1*  ECD/LCH*  66F Ear pain, Skullbase,  Skullbase 50mgBID 50mgBID  PMR® Panniculitis 11 months
hearing loss, bones radiation (Grade 1)
bone pain
2*  ECDACH 3IM  Dizziness, Skullbase,  Cytarabine 150mgBID 150mgBID  PMR None 13 months
hearing loss, cerebellum
diabetes insipidus bones,
retroperitoneum
3*¥ ECDACH 70M  Skinand Skin, oral mucosa, Prednisone 150mg BID 50mgBID ~ PMR Fever 5 months
oral lesions, lungs, bones (Grade 3),
dyspnea Periorbital swelling
(Grade 1)
4* ECD/LCH  59M Skinand  Skin, dura, and bones None 50mgBID 50mgBID  CMR® None 3 months
anal lesions,
jaw pain
5* ECD 65W Ataxia, Cerebellum, Methyl- ~ 100mg BID 100mgBID ~ CMR Skin (Grade 1) 4 months
dysarthria, bones prednisolone
diabetes insipidus
6 ECD 49M Bone Retroperitoneum, Vinblastine/  150mg 75 mg Maintained PMR Keratoacanthoma 19 months
pain bones, right atrium, prednisone, ~ BID BID fromvemurafenib  (Grade 1)
peri-aortic tissuesVemurafenib, and interferon
IFN- o*
7 ECD 55M Ataxia, Brain, bones, Methotrexate, 150mg 100mg PMR of Fever 43 months
spasticity retroperitoneum,  IFN-a, BID BID relapsed (Grade 2),
peri-aortic tissues, Vemurafenib disease keratosis
brain, spinal cord vemurafenib pilaris
after cessation (Grade 2),
hypophosphatemia
8 ECD 58F  Bone pain, Skin, bones,  Vemurafenib  100mg 100mg  Maintained Fever 11 months
skin lesions,  brain, peri-aortic BID BID PMR (Grade 1),
dysarthria, tissues from vemurafenib arthralgia
ataxia (Grade 1)
9 ECD 75F  Bone pain, Bones, orbits, Vemurafenib ~ 150mg 50mg  Maintained Fatigue 4 months
skin lesions, dura, BID BID PMR (Grade 2),
exopthalmos,  retroperitoneum, fromvemurafenib  arthralgia
ataxia skin (xanthelesma), (Grade 2)
right atrium
10 ECD 35M  Proptosis, Brainstem,  Vemurafenib  150mg 150mg CMR None 16 months
ataxia, skullbase, BID BID  of relapsed
bone pain heart, orbits, disease
retroperitoneum, after cessation
peri-aortic tissue, of vemurafenib
bones
11 ECD TIM  Proptosis, Bones, orbit,  Anakinra, 50mg 50mg  Maintained Fatigue 9 months
bone pain  craniofacial bones Vemurafenib ~ BID BID PMR (Grade 2)
from vemurafenib

*Indicates dabrafenib as first targeted therapy. 'Erdheim-Chester Disease (ECD). ’Langerhans Cell Histiocytosis (LCH). *Partial Metabolic Response (PMR). ‘Interferon-a
(IFN-a.).*Complete Metabolic Response (CMR). FDG-PET/CT: 18-fluorodeoxyglucose positron emission tomographic/computed tomography; BID: twice a day:.
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context of skeletal abnormalities on 99-Technetium bone
scintigraphy or 18-fluorodeoxyglucose positron emission
tomographic/computed tomography (FDG-PET/CT), and
at least one other characteristic manifestation of ECD
(xanthelasma, perinephric infiltration, “coated aorta”,
pericardial infiltration, right atrial pseudo-tumor, or brain
or dural infiltration). Genomic analysis of biopsy tissue
was performed using the Memorial Sloan Kettering
Cancer Center - Integrated Mutation Profiling of
Actionable Cancer Targets (MSK-IMPACT) assay or
pyrosequencing, as previously described.”

Dabrafenib monotherapy (Table 1) was initially dosed
from 50mg BID to 150mg BID. Adverse events were doc-
umented and dose adjustments were made at the treating
physician’s discretion. FDG-PET/CT scans were per-
formed prior to starting dabrafenib and in follow up to
measure disease response in nearly all cases; in addition,
organ-specific imaging, such as cranial magnetic reso-
nance imaging (MRI), was performed when appropriate.
The primary response assessment was by FDG PET/CT
using modified PET Response Criteria in Solid Tumors
(PERCIST), as published.’ In brief, PERCIST criteria'
were used with the following modifications: up to 5
lesions were selected, SUVs were normalized for body
weight, and the FDG avidity of each lesion was calculat-
ed as SUVrnax lesion ~ SUVmaX liver background = SUVcorrected for
backgrounds O simply “SUV.” For brain lesions, brain back-
ground was used in lieu of liver background. Values less
than zero were treated as 0, which allowed the FDG
avidity of a lesion to be considered as the excess avidity
above background. Complete metabolic response (CMR)
was defined as all lesions decreased to or below back-
ground; partial metabolic response (PMR) was defined as
a 50% or greater decrease from baseline in the sum SUV
of all target lesions; progressive metabolic disease (PMD)
was defined as a 50% or greater increase from the nadir
in the sum of SUV all target lesions or the appearance of
new evaluable lesions; stable metabolic disease (SMD)
was when the response did not meet other criteria.

Eleven patients were treated, seven men and four
women (Table 1). Seven had ECD and four had overlap
ECD/LCH. The age at diagnosis ranged from 31-77 years
(median 59). Sites of ECD and LCH involvement, clinical
symptoms, prior therapies, toxicities of therapy, and
duration of dabrafenib therapy are described in Table 1.
For the five patients treated with dabrafenib as initial
therapy or following failure of conventional therapy,
three had a PMR and two had a CMR by FDG-PET; all
had a complete clinical response (resolution of bone pain,
dizziness, hearing loss, dysarthria, skin lesions and/or
dyspnea). One patient had a complete resolution of a
cerebellar lesion by MRI that had been refractory to treat-
ment with cytarabine (Figure 1). These patients have con-
tinued treatment with minimal toxicities (one Grade 3
event) for three, four, five, 11, and 13 months. Formal
response assessment by way of anatomic measurement
of tumors was not performed for this series, although
overt regression of cerebellar masses and lung infiltrates
(Figure 1), as well as skin lesions and a dural mass were
observed in patients treated with dabrafenib as initial
therapy. For the six patients treated with vemurafenib
prior to dabrafenib, treatment with vemurafenib was
stopped after four and nine months because of Grade 4
transaminitis (two patients), after 15 and 16 months as a
result of intolerable Grade 2 arthralgia (two patients),
after four months due to intolerable Grade 2 fatigue (one
patient), and after 14 days for Grade 2 photosensitivity
(one patient). Two of these six patients had relapsed ECD
(both clinically and by FDG-PET) within 12 weeks of ces-

sation of vemurafenib for transaminitis, however, both
recaptured a response with dabrafenib (Figure 1), without
hepatotoxicity, and both remained on treatment for 16
and 43 months with sustained response. In three of these
six patients, dabrafenib maintained their clinical and
metabolic response to vemurafenib; the sixth patient had
been treated with interferon-a with poor clinical
response, and dabrafenib achieved a sustained clinical
and metabolic response. Two patients who stopped
vemurafenib for arthralgia or fatigue stopped dabrafenib
for similar intolerance after four and nine months, respec-
tively.

In this study, we report the largest series to date of
treatment with single-agent dabrafenib for ECD or
ECD/LCH harboring the BRAF™* mutation. Treatment
was effective as measured by FDG-PET in the context of
newly diagnosed disease, disease refractory to conven-
tional therapy, or following vemurafenib. Responses
were observed in the nervous system, a site of disease
often refractory to treatment. In addition, a sustained
response of up to 43 months was observed in one case.
Toxicities were limited (one Grade 3 event), and two out
of the 11 patients stopped for intolerance while all others
continued on treatment. This may be particularly rele-
vant when considering BRAF inhibitor therapy in the
pediatric population where toxicity and tolerability are
paramount. Of note, treatment was tolerated in four out
of six patients for whom vemurafenib was discontinued
for toxicity or intolerance. The reason for the differential
toxicities of dabrafenib and vemurafenib are not well
understood, but possible explanations include differential
potency for wild-type RAF and the fact that dabrafenib is
dosed below its maximum tolerated dose (no MTD was
reached in early trials).”” Our series is limited by its retro-
spective nature, but we believe these limitations are mit-
igated by the rarity of this disease, the relative uniformity
of assessments, and the robustness of the observed
responses. Optimal dosing of dabrafenib cannot be deter-
mined from this series, although we note that responses
were seen and maintained at 50-100mg twice daily in
many cases. Experience with vemurafenib in BRAF'** -
mutated histiocytosis, including a prospective trial, far
outweighs experience with dabrafenib to date; therefore,
our study cannot necessarily suggest that dabrafenib
should replace vemurafenib in this context. The optimal
duration of treatment with BRAF inhibitors and the con-
sequences of interrupting therapy in this context is
unknown, as is the efficacy of combined treatment with
agents such as MEK inhibitors, although there are ongo-
ing active studies of these questions (clinicaltrials.gov
Identifiers: 02089724 and 02281760). Further studies may
elucidate the role of dabrafenib in the treatment of these
conditions.
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