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IMPORTANCE The histiocytic neoplasms Erdheim-Chester disease (ECD) and Langerhans cell
histiocytosis (LCH) are highly enriched for BRAF V600 mutations and have been previously
shown to be responsive to treatment with vemurafenib, an inhibitor of the BRAF V600
kinase. However, the long-term efficacy and safety of prolonged vemurafenib use in these
patients are not defined. Here we analyze the final efficacy and safety data for vemurafenib in
patients with ECD and LCH enrolled in the VE-BASKET study.

OBJECTIVE To determine the efficacy and safety of vemurafenib in adults with ECD or LCH
enrolled in the VE-BASKET study.

DESIGN, SETTING, AND PARTICIPANTS The VE-BASKET study was an open-label,
nonrandomized, multicohort study for patients with nonmelanoma cancers harboring the
BRAF V600 mutation. Patients with BRAF V600–mutant ECD or LCH were enrolled in an
“other solid tumor” cohort of the VE-BASKET study, and they were enrolled in the present
study.

INTERVENTIONS Patients received vemurafenib, 960 mg, twice daily continuously until
disease progression, study withdrawal, or occurrence of intolerable adverse effects.

MAIN OUTCOMES AND MEASURES The primary end point was confirmed objective response
rate (ORR) by Response Evaluation Criteria in Solid Tumors (RECIST, version 1.1). Secondary
end points included progression-free survival (PFS), overall survival (OS), metabolic response
by modified positron-emission tomography (PET) Response Criteria in Solid Tumors
(PERCIST) using 18F-fluorodeoxyglucose (FDG)-PET/computed tomography (CT), and safety.

RESULTS A total of 26 patients from the VE-BASKET trial (22 with ECD, 4 with LCH) were
included in the present study (14 women and 12 men; median age, 61 years; age range, 51-74
years). The confirmed ORR was 61.5% (95% CI, 40.6%-79.8%) in the overall cohort and
54.5% (95% CI, 32.2%-75.6%) in patients with ECD. All evaluable patients achieved stable
disease or better. The median PFS and OS had not been reached in the overall cohort at study
closure despite a median follow-up of 28.8 months; 2-year PFS was 86% (95% CI,
72%-100%), and 2-year OS was 96% (95% CI, 87%-100%). All 15 patients evaluated by
FDG-PET/CT achieved a metabolic response, including 12 patients (80%) with a complete
metabolic response. The most common adverse events (AEs) in the overall cohort included
arthralgia, maculopapular rash, fatigue, alopecia, prolonged QT interval, skin papilloma, and
hyperkeratosis. Hypertension and dermatologic AEs occurred at higher rates than those
reported in metastatic melanoma.

CONCLUSIONS AND RELEVANCE In this study, vemurafenib had prolonged efficacy in patients
with BRAF V600–mutant ECD and LCH and warrants consideration as a new standard of care
for these patients.
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E rdheim-Chester disease (ECD) and Langerhans cell
histiocytosis (LCH) are 2 related clonal neoplasms
derived from macrophage/dendritic lineages and en-

riched for the BRAF V600 mutation.1,2 The efficacy of vemu-
rafenib, a selective BRAF V600 kinase inhibitor, in BRAF V600–
mutant ECD and LCH has been described in the extensive
French experience3 and further explored in VE-BASKET,4 a
multihistology basket trial for patients with nonmelanoma can-
cers harboring this mutation. We present the final efficacy and
safety analysis for an expanded cohort of patients with ECD
and LCH included in VE-BASKET, data used to support regu-
latory approval.

Methods
Study Design and Participants
The VE-BASKET was a nonrandomized, open-label, phase 2,
histology-independent study in patients with BRAF V600 mu-
tation–positive cancers (NCT01524978). Key inclusion criteria
included age 16 years or older and Eastern Cooperative
Oncology Group performance status of 0 to 2. Patients with
untreated ECD and LCH were eligible because no approved
therapies are available for these conditions. Patients with prior
BRAF or MEK inhibitor treatment were excluded.

Written informed consent was obtained from all partici-
pants. The trial was performed in accordance with provisions
of the Declaration of Helsinki and Good Clinical Practice guide-
lines. The protocol was approved by institutional review boards
or human research ethics committees at each participating
center.

Procedures
Vemurafenib, 960 mg, twice daily was administered on a
continuous basis. All patients underwent response assess-
ment per Response Evaluation Criteria in Solid Tumors
(RECIST; version 1.1) on 2 separate occasions 4 weeks or lon-
ger apart using computed tomography (CT) or magnetic reso-
nance imaging scans of the chest, abdomen, and pelvis. Since
18F-fluorodeoxyglucose (FDG) positron-emission tomogra-
phy (PET)/CT is recommended in consensus guidelines as the
preferred imaging modality for histiocytic disorders,5 pa-
tients could optionally be followed up with this additional
imaging modality as a secondary response measure at the in-
vestigator’s discretion. Scans were performed at baseline and
then every 8 weeks until disease progression, death, or with-
drawal from the study. The FDG-PET/CT responses were
assessed using a modified PET Response Criteria in Solid
Tumors (PERCIST)6 (eTable 1 in the Supplement).

Outcomes and Statistical Analysis
The primary end point of the protocol-specified analysis was
response rate (RR) at week 8 with an RR of 15% considered low,
45% high, and 35% low but still desirable and indicative of ef-
ficacy. Using an adaptive Simon 2-stage design,7 a power of 80%
(high RR) and 70% (low desirable RR), and a 2-sided α level of
0.1, the numbers of patients required were 7, 13, and 19, de-
pending on the level of activity observed. Cohorts could be fur-

ther optionally expanded to a maximum of 70 patients based
on observed activity. Based on input from health authorities,
the primary end point of the final analysis for the ECD/LCH co-
hort was revised to confirmed best objective response rate
(ORR) by RECIST version 1.1; the results of this analysis are
presented here.

Secondary end points included confirmed clinical ben-
efit rate (confirmed complete or partial response of any dura-
tion, or stable disease for ≥6 months), progression-free sur-
vival (PFS), overall survival (OS), metabolic response by
modified PERCIST, and safety. All patients were included in the
efficacy analysis; 1 patient without measurable disease at
baseline was counted as a nonresponder. All patients who re-
ceived 1 or more doses of vemurafenib were included in the
safety analyses. Response rates are reported with 95% confi-
dence intervals (CIs) according to the Clopper-Pearson method;
OS, PFS, and time to response were estimated using the Kaplan-
Meier method. Confirmation of metabolic responses per
modified PERCIST criteria was not required. Adverse events
(AEs) were graded according to NCI-CTCAE 4.0.8 All analyses
were performed using SAS (versions 9.2 and 9.4; SAS Insti-
tute Inc).

Results
A total of 22 patients with ECD and 4 with LCH were enrolled
(eTable 2 in the Supplement). No patient had mixed ECD and
LCH. Seventeen of 26 patients (65%) received previous off-
label systemic therapy and 10 (38%) received 2 or more pre-
vious therapies. The most commonly received prior thera-
pies were methotrexate (n = 6; 23%), prednisone (n = 4; 15%),
vinblastine (n = 3; 12%), interferon-alfa (n = 3; 12%), and ima-
tinib (n = 3; 12%).

The confirmed ORR was 61.5% (95% CI, 40.6%-79.8%) in
the overall cohort. No patient had progressive disease as their
best response (Figure 1A, Table). Among the 22 patients with
ECD, the confirmed ORR was 54.5% (95% CI, 32.2%-75.6%;
Figure 1A, Table). Responses were observed at all disease sites,

Key Points
Questions What are the long-term efficacy and safety of
vemurafenib for adult patients with BRAF V600–mutant
Erdheim-Chester disease (ECD) or Langerhans cell histiocytosis
(LCH)?

Findings In a secondary analysis of data from and open-label
nonrandomized study of 26 patients with BRAF V600–mutant
ECD or LCH, vemurafenib had prolonged efficacy, with a 62%
confirmed overall response rate (Response Evaluation Criteria in
Solid Tumors) and 100% positron-emission tomography response
rate. Median progression-free survival was not reached, and the
2-year progression-free survival rate was 86%.

Meaning Vemurafenib has clinically meaningful and highly
durable activity in patients with BRAF V600–mutant ECD or LCH,
warranting its consideration as a new standard of care for these
patients.
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including brain, bone, skin, soft tissues, lung, eye, and kid-
ney lesions. The median time to initial RECIST response was
5.5 (95% CI, 3.7-13.7) months, delayed compared with that ob-
served in melanoma (Figure 1B).

At study closure, the median PFS and OS were not reached,
despite a median follow-up of 28.8 (range 3.0-44.3) months
(Figure 2, Table). Two-year PFS and OS rates were 86% (95%
CI, 72%-100%) and 96% (95% CI, 87%-100%), respectively, in
the overall cohort and 83% (95% CI, 66%-100%) and 95% (95%
CI, 85%-100%), respectively, in the ECD group (eFigure 1 in the
Supplement). In total, 24 of 26 patients (92%) in the overall
cohort remained progression free on study treatment.

Fifteen patients were assessed by FDG-PET/CT using modi-
fied PERCIST; 12 (80%) achieved a complete metabolic re-
sponse, and 3 (20%) a partial metabolic response for a modi-
fied PERCIST ORR of 100% (95% CI, 78%-100%) (eFigure 2 in
the Supplement). In 3 patients, metabolic responses were not
confirmed because only 1 postbaseline FDG-PET/CT was per-
formed.

The most common AEs, regardless of attribution, in the
overall cohort included arthralgia, maculopapular rash, fa-
tigue, alopecia, prolonged QT interval, skin papilloma, and hy-
perkeratosis (eTable 3 in the Supplement). Hypertension and

dermatologic AEs occurred at higher rates in this population
than previously observed in patients with metastatic
melanoma.9

All 26 patients had 1 or more AEs leading to dose interrup-
tion and/or modification, and 8 patients (31%) discontinued
vemurafenib treatment owing to AEs. Two noncutaneous pri-
mary malignancies occurred in patients with LCH, including
1 case of chronic myelomonocytic leukemia unlikely related
to vemurafenib, and another case of KRAS-mutant papillary
thyroid cancer considered related to study treatment that re-
sulted in discontinuation of vemurafenib therapy.

Discussion
Vemurafenib use in patients with BRAF V600–mutant ECD
and LCH had marked and prolonged antitumor efficacy. In the
85% of patients with ECD, the confirmed ORR was 54.5%
by RECIST, and the unconfirmed ORR was 100% by
FDG-PET/CT. As BRAF V600 mutations occur in more than
50% of patients with ECD and LCH, these findings have the
potential to change the standard of care for a majority of
patients with these orphan disorders.

Figure 1. Efficacy of Vemurafenib in Individual Patients With BRAF V600–Mutant Erdheim-Chester Disease
(ECD) or Langerhans Cell Histiocytosis (LCH)
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Limitations
This study has several important limitations, including the small
number of patients both overall and specifically with LCH. Con-
sequently, we cannot conclude whether the efficacy is similar
between ECD and LCH, although it is noteworthy that all 4 pa-
tients with LCH responded, as measured by RECIST. The lack
of either a control or a true historic control for these 2 orphan
disorders also makes interpretation of the PFS and OS data chal-
lenging. Importantly, this study does not definitively address
the optimal dose and duration of vemurafenib therapy in this
setting. The maintenance of responses, despite dose reduc-
tions in all patients, suggests that doses below the currently in-
dicated dose for melanoma (960 mg, twice daily) may be suf-
ficient to maintain therapeutic responses. A recent study has

demonstrated that cessation of vemurafenib therapy, how-
ever, leads to relapse in a majority of cases.10 Intermittent dos-
ing or treatment interruptions with careful monitoring could be
considered and will require further study.

Conclusions
Vemurafenib demonstrated clinically meaningful long-term ef-
ficacy in patients with BRAF V600–mutant ECD and LCH in
the VE-BASKET study. Based on these results, the US Food and
Drug Administration has approved vemurafenib for patients
with BRAF V600–mutant ECD and warrants consideration as
a new standard of care for these patients.
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Figure 2. Kaplan-Meier Survival Curves for Patients With BRAF V600–Mutant Erdheim-Chester Disease or Langerhans Cell Histiocytosis
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Table. Efficacy of Vemurafenib in Patients With ECD or Langerhans Cell Histiocytosisa

Outcome
Patients With ECD
(n = 22)

Overall Cohort
(n = 26)

Objective response rate (95% CI), % 54.5 (32.2-75.6) 61.5 (40.6-79.8)

Best overall response

Complete response 1 (5) 2 (8)

Partial response 11 (50) 14 (54)

Stable disease 9 (41) 9 (35)

Progressive disease 0 0

Not evaluableb 1 (5) 1 (4)

Clinical benefit rate, No. (%) (95% CI)c 16 (73) (49.8-89.3) 20 (77) (56.4-91.0)

Median PFS, % (95% CI) NE NE

At 1 year 83 (66-100) 86 (72-100)

At 2 years 83 (66-100) 86 (72-100)

Median OS, % (95% CI) NE NE

At 1 year 95 (85-100) 96 (87-100)

At 2 years 95 (85-100) 96 (87-100)

Duration of follow-up, median (range) [IQR], mo 26.6 (3.0-44.3) [9.5-34.9] 28.8 (3.0-44.3) [12.8-35.1]

Abbreviations: ECD, Erdheim-Chester
disease; IQR, interquartile range;
NE, not estimable; OS, overall
survival; PFS, progression-free
survival.
a Unless otherwise indicated, data are

reported as number (percentage) of
patients.

b Patient had no measurable disease
at baseline, and response could not
be assessed.

c Includes complete response, partial
response, and stable disease lasting
6 months or longer.
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