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Effectiveness and Safety of Dabrafenib in the Treatment of 20 Chinese Children
with BRAF*t-Mutated Langerhans Cell Histiocytosis
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Purpose We sought to investigate the effectiveness and safety of dabrafenib in children with BRAF'®*t-mutated Langerhans cell
histiocytosis (LCH).

Materials and Methods A retrospective analysis was performed on 20 children with BRAFY®®E-mutated LCH who were treated with
dabrafenib.

Results The median age at which the patients started taking dabrafenib was 2.3 years old (range, 0.6 to 6.5 years). The ratio of boys
to girls was 2.3:1. The median follow-up time was 30.8 months (range, 18.9 to 43.6 months). There were 14 patients (70%) in the risk
organ (RO)* group and six patients (30%) in the RO~ group. All patients were initially treated with traditional chemotherapy and then
shifted to targeted therapy due to poor control of LCH or intolerance to chemotherapy. The overall objective response rate and the
overall disease control rate were 65% and 75%, respectively. During treatment, circulating levels of cell-free BRAF'6°°F (cfBRAFV6O°F)
became negative in 60% of the patients within a median period of 3.0 months (range, 1.0 to 9.0 months). Grade 2 or 3 adverse
effects occurred in five patients.

Conclusion Some children with BRAF6E-mutated LCH may benefit from monotherapy with dabrafenib, especially high-risk patients
with concomitant hemophagocytic lymphohistiocytosis and intolerance to chemotherapy. The safety of dabrafenib is notable. A pro-

spective study with a larger sample size is required to determine the optimal dosage and treatment duration.
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Introduction

Langerhans cell histiocytosis (LCH) is a rare disease char-
acterized by the proliferation of specific dendritic cells arising
from myeloid progenitor cells and is currently considered a
clonal disease [1]. LCH presents with a spectrum of clinical
manifestations [2]. Low-risk children are affected in only a
single organ or system, with a certain degree of self-limita-
tion, and first-line chemotherapy is effective. High-risk pati-
ents are often under 3 years old and frequently have multiple

organs or systems involved, especially the liver, spleen, or
hematologic system. Thus, the risk of treatment-related death
or disease progression is higher in the high-risk group than in
the low-risk group [3,4].

BRAF kinase, which is encoded by the BRAF gene, plays a
significant role in the RAS-mitogen-activated protein kinase
(MAPK) signaling pathway. It was reported that the oncogen-
ic BRAFY®™E mutation was identified in 35 of 61 LCH speci-
mens (57%) and in up to 87.8% of children with multisystem-
and risk-organ-involved LCH [4,5]. This mutation can drive
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constitutive ERK activation and lead to impaired migration
and apoptosis in pathological LCH cells, which gives rise to
LCH [1,6].

Dabrafenib is a reversible, ATP-competitive, selective BRAF
kinase inhibitor [7] with a low incidence of adverse effects
[8,9]. The role of dabrafenib in the treatment of BRAFV6E-
mutated LCH has been tested in a clinical trial (NCT01677741).
The most common adverse events of dabrafenib are skin-
related toxic effects (including maculopapular rash, skin pain
and severe events including squamous cell carcinoma and
keratocanthoma), fever, fatigue, arthralgia, etc. [10].

This study was designed to analyze the effectiveness and
safety of dabrafenib in the treatment of 20 children with
BRAFY*E-mutated LCH who were cared for at our center.

Materials and Methods

1. Patients

From November 1, 2016, to November 30, 2018, 20 children
(= 18 years old) with LCH who fulfilled all of the following
criteria were enrolled in this study: (1) diagnosed with LCH
according to clinical features, positive staining of CD1a and/
or Langerin (CD207) of biopsy tissue; (2) BRAFV™E could
be detected in the peripheral blood or affected tissue at the
onset of the disease; (3) chemotherapy could not be tolerated
due to serious condition or severe chemotherapy-related
adverse effects, or the disease continued to progress after
chemotherapy, or the pituitary lesion was not improved
after chemotherapy; and (4) no other BRAF kinase inhibitors
had been used previously. In addition, Eastern Cooperative
Oncology Group performance status 0-2 was a key inclusion
criterion. All patients were followed until June 1, 2020.

2. Patient stratification

According to the involvement of risk organs, patients were
divided into a risk organ-involved group (RO* or high-risk
group) or a risk organ-noninvolved group (RO~ or low-risk
group). According to the cfBRAFY®* level at the end of tar-
geted therapy, patients were divided into a negative muta-
tion group or a positive mutation group.

3. Therapeutic regimen

All patients were treated with chemotherapy according
to the same protocol modified from LCH-III (without high-
dose methotrexate) and HS-LCH salvage treatment after
diagnosis, including first-line (vindesine+prednisone) and
second-line treatment (cytarabine+vindesine+dexamethaso
ne+/—cladribine). The details of the treatment elements are
shown in S1 Table.

Targeted therapy with dabrafenib was initiated after the
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discontinuation of first-line or second-line treatment due
to disease progression or intolerance to chemotherapy. For
some patients not complicated by hemophagocytic lympho-
histiocytosis (HLH), the disease was not severe enough, so
dabrafenib was usually chosen after evaluation, which was
performed one week after the discontinuation of chemother-
apy. Patients with HLH were always in critical condition.
Thus, if there was no improvement observed after chemo-
therapy, the patients underwent targeted therapy as soon as
possible.

The dosage of dabrafenib was 2 mg/kg according to dose
escalation and dose limiting toxicity evaluation in a phase I/
II study on dabrafenib in children with refractory/resistant
BRAFV®E solid tumors [11], and for the treatment of pedi-
atric BRAFY®* mutated high-grade gliomas [12], dabrafenib
was administered orally once every 12 hours. The general
duration of the course of dabrafenib treatment was 6 months
to 1 year, adjusted according to disease assessment and
patient tolerance to the drug. The condition and adverse
effects were evaluated after 1 month, 3 months, and every
3 months thereafter. After targeted therapy was completed,
maintenance chemotherapy was given (6-mercaptopurine+
vindesine+prednisone). This regimen has been registered as
a clinical trial (ChiCTR2000032844).

4. Determination of BRAFV*" in tissue and plasma

The BRAFV™E mutation was initially detected in tissue
biopsies from 14 patients. Genomic DNA was extracted
from 10x5 um unstained sections of formalin-fixed paraffin-
embedded (FFPE) tissue using the QIAamp DNA FFPE
Tissue Kit (Qiagen, Hilden, Germany). The presence of the
BRAFY® mutation was then determined using a droplet
digital polymerase chain reaction (ddPCR) assay with a
QX200 Droplet Digital PCR system (Bio-Rad, Hercules, CA).
FFPE tissues could not be obtained from the other six pati-
ents because no remaining tissue sample could be used for
BRAFYS"E detection.

Plasma cell-free DNA from all 20 patients was isolated
using the QIAamp Circulating Nucleic Acid Kit (Qiagen).
Detection of cfBRAFV*E was performed by ddPCR assay
with a lower limit of detection of 0.04% and a lower limit of
quantitation of 0.1%. The patient with cfBRAF"*™E level lower
than 0.04% was regarded as negative accordingly. The labo-
ratory has been certificated by Beijing Municipal Health and
Family Planning Commission as Clinical Gene Amplification
Test Laboratory, which is equivalent to Clinical Laboratory
Improvement Amendments (CLIA)-approved laboratory.

5. Evaluation of the disease state and treatment response
The disease state and treatment response of the patients
were evaluated according to the Histiocyte Society Evalu-
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Fig. 1. Improvement of bone lesions (arrows) after dabrafenib treatment. (A, C) Bone lesions in the rib and skull before dabrafenib treat-

ment. (B, D) Improvement of bone lesions after dabrafenib treatment.

Table 2. Details of the evaluation results at each observation point

Observation points AD-Better
Month 1 15
Month 3 13
Month 6 13
Month 9 7
Month 12 6

AD-Stable =~ AD-Mixed = AD-Worse Drug withdrawal
2 3 0 0
2 2 3 0
2 1 1 3
1 2 2 8
1 1 1 11

AD, active disease.

ation and Treatment Guidelines published in 2009 [13,14].
Briefly, the disease states included nonactive disease (NAD)
and active disease (AD). The treatment response was catego-
rized as complete resolution (NAD), regression (AD-Better),
mixed (AD-Mixed), stable (AD-Stable), and progression
(AD-Worse).

For assessment of disease states, imaging modalities
including radiography, ultrasound, computed tomography,
and magnetic resonance imaging were used. Positron emis-
sion tomography computed tomography was used only in
cases of inconclusive results from other imaging modalities.

The objective response rate (ORR) was defined as the per-
centage of patients with AD-Better among all patients, and
the disease control rate (DCR) was defined as the percentage
of patients with AD-Better and AD-Stable among all patients.
Adverse effects were followed from the beginning of dab-
rafenib treatment through the last contact with the patients
and were graded according to the National Cancer Institute
Common Terminology Criteria for Adverse Events, ver. 5.0
(15].

6. Statistical analysis

Statistical analysis was performed by using IBM SPSS ver.
24.0 software (IBM Corp., Armonk, NY). The count data were
expressed by the number of cases or percentages, and Fisher
exact test was used for the categorical variables. The meas-
urement data with a normal distribution are expressed as
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the meantstandard deviation, while the measurement data
with a nonnormal distribution are expressed as the median
(minimum-maximum). For continuous variables, data were
analyzed using the t test and Mann-Whitney U test, depend-
ing on the data distribution. Survival curves were estimated
using the Kaplan-Meier method, and the log-rank test was
used to estimate the differences among the groups. A p-value
of <0.05 was considered statistically significant.

Results

1. General information of the patients

The median ages of disease onset and initiation of dab-
rafenib were 1 year (range, 0.1 to 5.1 years) and 2.3 years
(range, 0.6 to 6.5 years), respectively. The ratio of boys to
girls was 2.3:1 (Table 1). The median follow-up time was 30.8
months (range, 18.9 to 43.6 months).

There were 14 patients (70%) in the RO* group and six
patients (30%) in the RO~ group. Four patients with disease
states of AD-Stable or AD-Worse were treated with dab-
rafenib because of intolerance to chemotherapy. The remain-
ing 16 patients had disease states of AD-Mixed (1 patient),
AD-Stable (3 patients), or AD-Worse (12 patients) due to no
improvement in disease or persistent progression (S2A-D,
S3A-C, S4A-D, S5 and S6 Figs.). Of these 16 patients, seven
patients experienced uncontrolled liver and spleen involve-
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Table 3. Details of five patients complicated by HLH?

Case 3 Case 5 Case 16 Case 17 Case 18
Before dabrafenib
Temperature (°C) Normal Normal 38.6 Normal 39
CRP (mg/L) 24 57 57 62 45
Hemoglobin (g/L) 105 72 74 87 80
Platelet (x10°/L) 68 271 28 165 172
Neutrophil (x10°/L) 1.37 5.38 0.84 1.84 0.61
Splenomegaly (below the left costal margin) (cm) 4.0 6.5 57 3.0 1.3
Triglyceride (mmol/L) 2.04 4.04 6.57 6.88 5.18
Fibrinogen (g/L) 2.90 0.87 1 1.45 1.16
Hemophagocytosis + + + + -
NK-cell activity (%) 13.62 17.01 NA 14.49 11.46
Ferritin (ug/L) NA NA 124.2 135.2 98.8
sCD25 (U/mL) NA NA 20,725 22,803 14,242
Three days after starting dabrafenib
Temperature (°C) Normal Normal Normal Normal Normal
CRP (mg/L) <5 < 35 8 <5
Hemoglobin (g/L) 127 112 96 92 91
Platelet (x10°/L) 180 302 100 347 409
Neutrophil (x10°/L) 2.40 1.87 0.38 2.24 1.80
Splenomegaly (below the left costal margin) NA NA NA NA NA
Triglyceride (mmol/L) 1.33 NA 442 3.85 NA
Fibrinogen (g/L) NA 0.87 1.01 NA NA
Hemophagocytosis NA NA NA NA NA
NK-cell activity (%) NA NA NA NA NA
Ferritin (ug/L) NA 548.9 NA 132.5 NA
sCD25 (U/ml) NA NA NA NA NA
One month after starting Dabrafenib
Temperature (°C) Normal Normal Normal Normal Normal
CRP (mg/L) NA NA NA NA NA
Hemoglobin (g/L) 127 131 118 118 115
Platelet (10°/L) 180 283 370 530 567
Neutrophil (10°/L) 2.40 537 3.49 3.12 5.44
Splenomegaly (below the left costal margin) (cm) 38 23 No No No
splenomegaly splenomegaly splenomegaly
Triglyceride (mmol /L) 0.7 0.9 1 0.8 2.73
Fibrinogen (g/L) 11.9 NA NA 32 2.36
Hemophagocytosis NA NA NA NA NA
NK-cell activity (%) 14.83 NA NA NA NA
Ferritin (ng/L) NA 521.2 NA NA NA
sCD25 (U/mL) NA NA NA NA NA

CRP, C-reactive protein; HLH, hemophagocytic lymphohistiocytosis; NA, not available; NK-cell, natural killer cell; sCD25, soluble CD25.
9The diagnosis of HLH can be established if one of either 1 or 2 below is fulfilled: (1) a molecular diagnosis consistent with HLH, (2) diag-
nostic criteria for HLH fulfilled (five out of the eight criteria below): (a) fever, (b) splenomegaly, (c) cytopenias (affecting > 2 of 3 lineages in
the peripheral blood): hemoglobin < 90 g/L (in infants < 4 weeks: hemoglobin < 100 g/L), platelets < 100x10°/L, neutrophils < 1.0x10°/L,
(d) ferritin = 500 ug/L, (e) hypertriglyceridemia and/or hypofibrinogenemia: fasting triglycerides = 3.0 mmol/L, fibrinogen < 1.5 g/L, (f)
hemophagocytosis in bone marrow or spleen or lymph nodes, (g) soluble CD25 (i.e., soluble IL-2 receptor) = 2,400 U/mL, (h) NK-cell activ-
ity < 15.11% (according to our laboratory reference).
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Fig. 2. Survival curves. (A) Survival analysis of the risk organ (RO)* group and RO~ group. (B) Survival analysis of the positive mutation

group or negative mutation group.

ment (hepatomegaly and/or splenomegaly with elevated
liver enzymes or serum bile acids), five patients with invol-
vement in bones developed newly affected bone lesions
(3 patients) or dilated lesions (2 patients) during chemother-
apy (S7A-D, S8A, S8B Figs.), and seven patients had pitui-
tary involvement (S9 Fig.). Some patients chose dabrafenib
for more than one reason. In addition, the conditions of five
patients in the RO* group were complicated by HLH accord-
ing to the diagnostic criteria of HLH-2004 guidelines [16].

All 20 children were initially treated with first-line chemo-
therapy for 0.4-13.1 months, with a median of 2.0 months.
Subsequently, 12 patients received second-line chemo-
therapy for 1-14 courses (median of 4 courses). All patients
then received dabrafenib treatment. The median duration
of dabrafenib treatment was 11.4 months (range, 3.1 to 19.2
months). All patients have since completed dabrafenib mon-
otherapy for 0.6-37.9 months. Ten patients suffered relapse or
disease progression.

2. Effectiveness of dabrafenib treatment

Thirteen of the 20 patients were in the AD-Better state at
the end of dabrafenib treatment (Fig. 1), with two patients
in the AD-Stable state, four patients in the AD-Worse state
and one patient in the AD-Mixed state. The overall ORR was
65%, and the overall DCR was 75%. The evaluation results at
each observation point can be found in Table 2.

There were 14 patients in the RO* group. However, no sig-
nificant difference in treatment response to dabrafenib treat-
ment was observed between RO* and RO~ patients (78.6%
vs. 33.3%, p=0.122). Notably, four of the five patients compli-
cated by HLH experienced disease improvement, with rapid
increases in temperature, hemogram and C-reactive protein
(CRP) observed (Table 3). In two of these patients, the ther-
mal spike decreased after one day of treatment, and body
temperature returned to normal within 48 hours. The hemo-
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gram and CRP were restored to normal after 3 days of treat-
ment. However, a comparable response to dabrafenib was
observed between patients with and without HLH (80% vs.
60%, p=0.613), which might be due to the small sample size.

Among the four patients intolerant to chemotherapy, three
patients (75%) experienced improvement, while one patient
was in stable condition.

In the seven patients with poor control of the disease in the
liver and spleen, five patients (71.4%) experienced improve-
ment in all lesions except hepatic cirrhosis after dabrafenib
treatment. The other two patients had only liver enlarge-
ment, elevated liver enzymes and no cirrhosis-related mani-
festations before the usage of dabrafenib. After dabrafenib
treatment, both hepatosplenomegaly and liver damage were
alleviated.

In four of five patients (80%) treated with dabrafenib due
to newly affected bone lesions or dilated lesions in the bones
involved during chemotherapy, the imaging findings indi-
cated improvement in the new or dilated lesions after dab-
rafenib treatment.

Seven patients were treated with dabrafenib because of
pituitary involvement (two patients also had progressive
lesions, and one patient had an uncontrolled liver lesion),
and three of them had diabetes insipidus (DI). No progres-
sion was observed by imaging. Only one of the three patients
with DI had improvement of symptoms after dabrafenib
treatment.

All patients survived, and 10 patients suffered from rela-
pse or progression after dabrafenib treatment. No statisti-
cally significant difference in the event-free survival rate
was observed between the RO* and RO~ groups (3*=0.062,
p=0.804) (Fig. 2A) or between the positive mutation (at the
end of targeted therapy) group and the negative mutation
group (?=1.849, p=0.174) (Fig. 2B).
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Table 4. Different grades of treatment-related adverse events

Adverse events

No. of

occurred after
starting targeted
treatment (wk)

Adverse events Grade

cases?

Maculopapule 1 3
2 4 0-2
3 1 1
Diarrhea 1 2 4
Skin pain 2 1 1
Eye swelling and 2 1 4
conjunctival petechia
Blurred vision 1 1 4
and photophobia
Vomiting 1 1 5
Ostealgia 1 1 12
Fever 1 2 0-1

“Some patients had more than one adverse event.

3. Relationship between dabrafenib treatment and
cfBRAFYV®"®

cfBRAFY®® has become a promising indicator of treatment
response and prognosis in LCH [17,18], so we next investi-
gated the relationship between dabrafenib treatment and
cfBRAFY® in our cohort.

Conversion to negative detection of circulating levels of
cfBRAFV™E after chemotherapy was observed in five pati-
ents. Among the other 15 patients with positive cfBRAFV®E
mutations before targeted therapy, decreased cfBRAFYO™E
levels were observed at the end of targeted therapy (mean,
5.133% vs. 0.309%; t=2.429, p=0.029) (Table 1). Conversion to
negative detection was achieved in nine of 15 patients (60%)
after treatment with dabrafenib. The median time from
dabrafenib treatment to negative detection was 3.0 months
(range, 1.0 to 9.0 months). However, the association of per-
sistent positive cfBRAFY*® with relapse and/or treatment
failure after dabrafenib treatment (83.3% vs. 35.7%, p=0.141)
was not observed. This needs to be clarified in future studies
with large sample sizes and long-term observations.

In addition, we did not find an association between the
duration of dabrafenib treatment and positive or negative
cfBRAFY®E before targeted therapy (Z=—1.178, p=0.239).

4. Adverse effects and treatments

The most common adverse events of dabrafenib report-
ed in the literature are skin-related toxic effects (including
maculopapular rash, skin pain, and severe events, including
squamous cell carcinoma and keratocanthoma), fever, fati-
gue, arthralgia, etc. [11].

In our cohort, 17 adverse events were observed in nine

patients. Maculopapular rash was the most common (8
events, 47.1%), including grade 2/3 events in five patients
and grade 1 events in three patients. Grade 2 skin pain and
eye swelling with conjunctival petechia were observed in
two patients, with grade 2/3 maculopapules. Six grade one
adverse events were observed in eight patients, including
maculopapular rash, diarrhea, blurred vision and photopho-
bia, vomiting, ostealgia, and fever. No other adverse effects
were observed in this study (Table 4).

Maculopapules faded in two of five patients after treat-
ment with anti-allergic drugs. The anti-allergic drugs were
not effective for the remaining three patients, but the rash-
es subsided after dabrafenib withdrawal. Skin pain in one
patient was relieved by reducing the dabrafenib dosage. Eye
swelling and conjunctival petechia in another patient were
improved by intensive care of local lesions. Moreover, severe
adverse effects of skin, such as squamous cell carcinoma and
keratoacanthoma, which are common in dabrafenib treat-
ment of melanoma patients, were not observed, suggesting
the safety of dabrafenib in treating children with LCH.

Discussion

Ahigh frequency of the BRAF'*E mutation has been found
in patients with multisystem and risk-organ-involved LCH
[4,5]. Patients with the BRAFY*F mutation are less sensitive
to the standard first-line treatment, vinblastine combined
with corticosteroids, and the incidence of disease recurrence
and permanent sequelae are markedly more common [1,3,5].
BRAF kinase inhibitors such as dabrafenib have shown
excellent effectiveness in the treatment of BRAFY*"-positive
malignancies, including melanoma, colon cancer, papillary
thyroid cancers, and non-small-cell lung cancer [19-22].
Thus, it is useful to also clarify the role of dabrafenib and
other BRAF kinase inhibitors in the treatment of patients
with BRAFV*E-mutated LCH.

According to the results, children with risk organs invol-
ved seem to experience benefits from targeted drugs. How-
ever, to confirm this observation, it is necessary to expand
the sample size and carry out prospective research with con-
current controls. It is worth noting that patients with HLH
generally have risk organ involvement and cannot tolerate
strong chemotherapy. Considering the rapid recovery from
symptoms and hemogram after targeted treatment, the inef-
fectiveness of first-line chemotherapy for most patients with
concurrent HLH, and the toxic side effects of second-line
chemotherapy, it may be better to use targeted drugs as the
first-line treatment or for a short period followed by chemo-
therapy.

The results revealed satisfactory effectiveness of dabra-
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fenib in patients who had failed to tolerate chemotherapy. In
addition, improvements in liver function were obtained after
the administration of dabrafenib in patients without hepatic
cirrhosis, whereas cirrhosis that occurred before targeted
therapy did not improve after dabrafenib treatment. Our
results also showed that dabrafenib relieved DI symptoms
in one patient who had developed DI for a half-year; how-
ever, no improvement was observed in two other patients
who had DI for 1.5 and 2 years. Allen et al. [1] reported that
three out of four patients with LCH who were treated with
targeted drugs (dabrafenib or vemurafenib) for neurode-
generation (ND), a sequela of LCH due to active pathologi-
cal process driven by common BRAFV*"-positive myeloid
precursors, improved in terms of clinical manifestation and
imaging findings in relatively early-onset LCH-ND [23].
Thus, these results suggest that dabrafenib could have cer-
tain effects on DI (D], like LCH-ND, is also a sequela of LCH
and may be caused by persistent active pathological process
as well) at the early stages of this disease, but further study is
needed for confirmation.

It has been shown that half of all patients experience relap-
se or progression, which may be attributed to reactivation
of the MAPK pathway upstream of MEK, perhaps resulting
from other gene mutations in the pathway [10,24]. Due to
their parents’ refusal to determine gene mutations at relapse,
we cannot identify relapse-causing mutations. Relapse may
also be related to low plasma concentration resulting from
individual differences in pharmacokinetics or too short a
duration of dabrafenib treatment. Thus, this finding high-
lights the significance of the role of other mutations and plas-
ma concentrations of dabrafenib in relapse. Furthermore,
the optimal therapy strategy of dabrafenib, including the
time window for treatment and effective combinations with
chemotherapy or other targeted drugs in children with LCH,
should be explored [7,25,26].

A few patients had treatment-related adverse effects of
grade 2 or above. Relief of these adverse effects was achieved
after symptomatic treatment, reduction of dosage, or with-
drawal. Furthermore, no severe adverse effects (squamous
cell carcinoma and keratoacanthoma) were observed. Thus,
dabrafenib appears to be safe to some extent for children
with LCH.

Due to the limited number of patients and short-term
follow-up in this study, we continue to recommend the use
of dabrafenib only in patients intolerant of chemotherapy
or with disease progression after chemotherapy. The main
reason for dabrafenib as a second-line therapy is its unclear
long-term safety in the treatment of children with LCH at
present. To explore the long-term efficacy and safety of dab-
rafenib, a prospective study with a larger sample size is
required to fully clarify the optimal dosage and duration of
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dabrafenib treatment.

The major limitations of this study were its retrospective
nature and small sample size. A prospective study with a
larger sample size and long-term observation is required.

Dabrafenib may have a beneficial effect for some children
with BRAFV*E-mutated LCH, especially high-risk patients
with concomitant HLH and intolerance to chemotherapy.
The adverse effects were controllable. However, further
research is needed to determine the optimal dosage and
duration, long-term efficacy and safety of dabrafenib.
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