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IMPORTANCE While cladribine is best known for the treatment of hairy cell leukemia and
other lymphoid cancers, it also has activity against myeloid neoplasms, such as
Erdheim-Chester disease (ECD).

OBJECTIVE To assess the efficacy of cladribine (2-chloro-2′-deoxyadenosine) in the treatment
of ECD.

DESIGN, SETTING, AND PARTICIPANTS This study was a single-institution retrospective medical
record review from January 1, 1998, to April 6, 2016, at a tertiary academic medical center. In
all eligible cases, the diagnosis of ECD was made using clinical criteria in conjunction with
histopathologic findings.

EXPOSURE Cladribine therapy in first-line treatment or later.

MAIN OUTCOMES AND MEASURES Two response criteria were used, clinical and radiological.
For clinical response, the following criteria were used: complete response (complete
resolution of symptoms attributed to ECD), partial response (partial resolution of symptoms
attributed to ECD), stable disease (no change in symptoms attributed to ECD), and
progressive disease (worsening of symptoms attributed to ECD). For radiological response,
the following categories were used: complete response (complete resolution of proven or
suspected lesion due to ECD), partial response (partial resolution of proven or suspected
lesion due to ECD), stable disease (no significant change in proven or suspected lesion due to
ECD for �3 months), and progressive disease (progression or worsening of proven or
suspected lesion due to ECD).

RESULTS A total of 63 adult patients with confirmed ECD were identified. Their median age at
diagnosis of ECD was 54 years (age range, 18-80 years), and 67% (42 of 63) were male.
Cladribine was the most commonly used chemotherapeutic agent and was administered in 21
of 63 patients (33%). Their median age at the time of cladribine therapy was 62 years (age
range, 40-78 years). Cladribine was used as the first-line treatment in 9 patients and as
later-line treatment in the remaining 12 patients. The median number of cycles of cladribine
administered was 2.5 (range, 1-6). The overall clinical response rate was 52% (9 of 17) (6% [1
of 17] complete response and 46% [8 of 17] partial response), with 18% (3 of 17) stable
disease and 30% (5 of 17) progressive disease. Among patients who responded to cladribine
therapy, the median duration of clinical response was 9 months (range, 6-129 months), with
ongoing response in 2 patients. The overall radiological response rate was 54% (8 of 15) (all
partial response), with 26% (4 of 15) stable disease and 20% (2 of 15) progressive disease.
Treatment-related adverse effects included 2 infectious complications (pneumonia and
central line infection, both requiring hospitalization) and 2 hematologic adverse effects
(grade 4 neutropenia and thrombocytopenia, and grade 3 neutropenia, both requiring
therapy discontinuation).

CONCLUSIONS AND RELEVANCE Cladribine has moderate clinical efficacy in the treatment of
ECD and can be considered a treatment option in cases without the BRAF V600E mutation. It
is generally well tolerated and may result in a durable response.
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E rdheim-Chester disease (ECD) is an uncommon histio-
cytic disorder that is considered a hematologic cancer.1

Because of the rarity of the disease, there are limited
data on treatment options and their efficacy. Historically, in-
terferon alfa has been used with variable efficacy, albeit at the
cost of adverse effects.2 This limitation has led to the use of
other agents in an attempt to find more efficacious and less
toxic therapies. Cladribine (2-chloro-2′-deoxyadenosine) is an
antimetabolite approved by the US Food and Drug Adminis-
tration for the treatment of hairy cell leukemia. It has also been
shown to have activity in other lymphoid cancers (chronic lym-
phocytic leukemia, lymphoplasmacytic lymphoma, and cer-
tain low-grade lymphomas), as well as Langerhans cell histio-
cytosis. Increasing numbers of case reports demonstrate
activity of cladribine in the treatment of ECD.3-10 However, con-
temporary trial or prospective data are lacking to help dis-
cern the response rate and outcomes with this agent. In this
study, our objective was to assess the efficacy of cladribine in
the treatment of ECD.

Methods
After obtaining waiver of informed consent and approval of the
study from the Mayo Clinic, Rochester, Minnesota, Institu-
tional Review Board, we retrospectively reviewed the medi-
cal records of patients with ECD evaluated at Mayo Clinic, Roch-
ester (a tertiary academic medical center) from January 1, 1998,
to April 6, 2016, who received cladribine as any line of therapy.
In all eligible cases, the diagnosis of ECD was made using clini-
cal criteria in conjunction with histopathological findings.11 All
biopsy specimens were independently reviewed at our insti-
tution by 3 of us (G.G., M.V.S., and R.S.G.). All eligible patients
received cladribine using 1 of 2 intravenous dosing regimens
(0.14 mg/kg for days 1-5 every 28 days or 5 mg/m2 for days 1-5
every 28 days).

Because posttherapy response assessment was not uni-
formly performed, we used 2 response criteria, clinical and ra-
diological. Clinical response to therapy was assessed using the
clinical documentation. Clinical response was categorized as
(1) complete response (CR) (complete resolution of symp-
toms attributed to ECD), (2) partial response (PR) (partial reso-
lution of symptoms attributed to ECD), (3) stable disease (SD)
(no change in symptoms attributed to ECD), or (4) progres-
sive disease (PD) (worsening of symptoms attributed to ECD).
The minimum duration for symptom improvement to be con-
sidered a response was arbitrarily set at 3 months.

Radiological response to therapy was assessed using the
imaging studies available. In our series, most patients did not
undergo positron emission tomography–computed tomogra-
phy. Response was assessed based on alternative imaging stud-
ies available, including radiographs, magnetic resonance
imaging, computed tomography, and radionuclide bone scans.
Radiological response was categorized as follows based on
change in the size or appearance of lesions suspected or proven
to be ECD: (1) CR (complete resolution of proven or suspected
lesion due to ECD), (2) PR (partial resolution of proven or sus-
pected lesion due to ECD), (3) SD (no significant change in

proven or suspected lesion due to ECD for ≥3 months), or (4)
PD (progression or worsening of proven or suspected lesion due
to ECD).

Results
A total of 63 adult patients with confirmed ECD were identi-
fied. Their median age at diagnosis of ECD was 54 years (age
range, 18-80 years), and 67% (42 of 63) were male. Cladribine
was the most commonly used chemotherapeutic agent and was
administered in 21 of 63 patients (33%). Their median age at
the time of cladribine therapy was 62 years (age range, 40-78
years). Nine patients received cladribine as their first-line treat-
ment, and the remaining 12 patients received it as second-
line treatment or later. The distribution of men to women in
the cohort was 14:7. Results of BRAF V600E (NCBI Reference
Sequence NM_004333.4) mutation testing were available in 5
of 21 patients (24%), most of whom did not express the mu-
tation by immunohistochemistry, although one was positive
by circulating tumor DNA polymerase chain reaction testing.
The median number of cycles of cladribine administered was
2.5 (range, 1-6). Among the 21 patients treated with cladrib-
ine, 8 (38%) received it between 1998 and 2006, and 13 (62%)
received it between 2007 and 2016.

Clinical responses were available for 17 patients, and ra-
diological responses were available for 15 patients. Clinical re-
sponse rates with cladribine were 6% (1 of 17) CR, 46% (8 of
17) PR, 18% (3 of 17) SD, and 30% (5 of 17) PD, while radiologi-
cal response rates were 0% (0 of 15) CR, 54% (8 of 15) PR, 26%
(4 of 15) SD, and 20% (2 of 15) PD (eTable in the Supplement).
The median duration of clinical response was 9 months (range,
6-129 months), with ongoing response in 2 patients (>6 months
in both). All patients who did not express BRAF V600E mu-
tation by immunohistochemistry demonstrated clinical re-
sponse. The disease sites in the patients who responded in-
cluded central nervous system (n = 5), bone (n = 2), pleura
(n = 2), pericardium (n = 2), aorta (n = 2), and paraspinal (n = 1)
(Figure and eFigure in the Supplement). Cladribine was gen-
erally well tolerated, and results of adverse effect assessment
demonstrated 2 infectious complications (pneumonia and cen-
tral line infection, both requiring hospitalization) and 2 he-
matologic adverse effects (grade 4 neutropenia and thrombo-

Key Points
Question What is the efficacy of cladribine in the management of
Erdheim-Chester disease?

Findings In this medical record review, 21 patients with
Erdheim-Chester disease receiving cladribine therapy
demonstrated overall clinical and radiological response rates of
52% and 54%, respectively. The response with cladribine was
durable in some cases, and the drug was generally well tolerated in
most patients.

Meaning Our study findings suggest that cladribine has moderate
clinical efficacy in the treatment of Erdheim-Chester disease and
can be considered a treatment option in cases without the BRAF
V600E mutation.
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cytopenia, and grade 3 neutropenia, both requiring therapy
discontinuation). None of the patients died as a result of clad-
ribine therapy.

Discussion
Our study demonstrates that cladribine has moderate clinical
efficacy in patients with ECD, with an overall clinical re-
sponse rate of 52% (9 of 17) and an overall radiological re-
sponse rate of 54% (8 of 15). To date, 17 case reports of ECD have
been documented, with a collective response rate to cladrib-
ine approaching 60%.3-10 Similar to our series, these case re-

ports demonstrated a response with cladribine at various ECD
sites, such as central nervous system, bone, pleura, and peri-
cardium. In our study, there were no specific discernible char-
acteristics of patients that could be used for predicting a posi-
tive response to cladribine therapy. Overall, cladribine has a
favorable adverse effect profile; the major adverse effects were
related to myelosuppression, leading to fatigue or infections
in 20% (4 of 21) of our patients. This finding is comparable to
the adverse effect rates seen in prior experience with cladrib-
ine in hairy cell leukemia, for which it is considered the stan-
dard of care.12

There is increasing evidence that almost all patients with
BRAF V600E mutant ECD have an excellent response to the

Figure. Positron Emission Tomographic–Computed Tomographic Scans of 2 Patients With Erdheim-Chester
Disease Before and After Treatment With Cladribine

Disease involving the thoracic T3-T4 area, aorta, and right testicle (red arrows indicate the thoracic spinal lesion that 
improved with cladribine therapy)

A

Disease involving the periaortic area, orbit, sinus, trachea, and spleen (red arrows indicate the tracheal lesion that improved 
with cladribine therapy)

B

After

After

Before

Before

A, The scan was obtained 2 weeks
after 4 cycles of cladribine. B, The
scan was obtained 2 weeks after
3 cycles of cladribine.
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BRAF inhibitor vemurafenib.13,14 This finding will likely lead
to the emergence of vemurafenib as the first-line treatment in
BRAF V600E mutant ECD, which constitutes approximately
two-thirds of cases.15 However, there is still a lack of promis-
ing treatment options for patients with ECD who lack the mu-
tation. Our study findings suggest that cladribine may be con-
sidered an alternative to interferon alfa as the first-line
treatment in patients who do not harbor the BRAF V600E mu-
tation. The choice of agent could be further individualized
based on adverse effect profile, patient preference, and ease
of administration. To our knowledge, the present study is the
largest series reviewing the efficacy of cladribine in the treat-
ment of ECD, which underscores the challenges in conduct-
ing large studies owing to the rarity of this condition.

Limitations
The limitations of our study are primarily related to the fact
that it is a single-institution retrospective medical record re-
view, so our results may not be broadly generalizable. The study

spanned 18 years, and it would be difficult to ascertain an ef-
fect of the role of advances in overall management and imaging
modalities during this period. In addition, posttherapy re-
sponse assessment was not uniformly performed after treat-
ment in all patients, thereby leading us to devise the clinical
and radiological response criteria. Nevertheless, the medical
records were independently reviewed by 3 of us (G.G., M.V.S.,
and R.S.G.) to minimize any chance of error or bias.

Conclusions
Cladribine has moderate clinical efficacy in patients with ECD,
with a favorable adverse effect profile in therapy-naive and pre-
viously treated patients. Our study findings suggest that clad-
ribine can be considered a treatment option in patients with
ECD without the BRAF V600E mutation. Further studies are
needed to assess predictive factors for a favorable response to
cladribine therapy.

ARTICLE INFORMATION

Accepted for Publication: January 4, 2017.

Published Online: March 2, 2017.
doi:10.1001/jamaoncol.2017.0041

Author Contributions: Drs Goyal and Go had full
access to all the data in the study and take
responsibility for the integrity of the data and the
accuracy of the data analysis.
Study concept and design: Goyal, Shah, Call, Go.
Acquisition, analysis, or interpretation of data: All
authors.
Drafting of the manuscript: Goyal, Litzow, Go.
Critical revision of the manuscript for important
intellectual content: Goyal, Shah, Call, Hogan, Go.
Statistical analysis: Goyal, Go.
Administrative, technical, or material support:
Goyal, Go.
Study supervision: Call, Hogan, Go.

Conflict of Interest Disclosures: None reported.

REFERENCES

1. Swerdlow SH, Campo E, Pileri SA, et al. The 2016
revision of the World Health Organization
classification of lymphoid neoplasms. Blood. 2016;
127(20):2375-2390.

2. Arnaud L, Hervier B, Néel A, et al. CNS
involvement and treatment with interferon-α are
independent prognostic factors in Erdheim-Chester
disease: a multicenter survival analysis of 53
patients. Blood. 2011;117(10):2778-2782.

3. Adam Z, Koukalová R, Sprláková A, et al.
Successful treatment of Erdheim-Chester disease
by 2-chlorodeoxyadenosine–based chemotherapy:
two case studies and a literature review [in Czech].
Vnitr Lek. 2011;57(6):576-589.

4. Adam Z, Sprláková A, Rehák Z, et al. Partial
regression of CNS lesions of Erdheim-Chester
disease after treatment with
2-chlorodeoxadenosine and their full remission
following treatment with lenalidomide [in Czech].
Klin Onkol. 2011;24(5):367-381.

5. Azadeh N, Tazelaar HD, Gotway MB, Mookadam
F, Fonseca R. Erdheim-Chester disease treated
successfully with cladribine. Respir Med Case Rep.
2016;18:37-40.

6. Blomstrand L, Thor A, Hagberg H.
Erdheim-Chester disease presenting as periodontal
disease: experience of treatment with cladribine,
interferon-a, local radiotherapy and anakinra. Acta
Oncol. 2016;55(2):248-250.

7. Mazor RD, Manevich-Mazor M, Kesler A, et al.
Clinical considerations and key issues in the
management of patients with Erdheim-Chester
disease: a seven case series. BMC Med. 2014;12:221.

8. Myra C, Sloper L, Tighe PJ, et al. Treatment of
Erdheim-Chester disease with cladribine: a rational
approach. Br J Ophthalmol. 2004;88(6):844-847.

9. Perić P, Antić B, Knezević-Usaj S, et al. Successful
treatment with cladribine of Erdheim-Chester
disease with orbital and central nervous system
involvement developing after treatment of

Langerhans cell histiocytosis. Vojnosanit Pregl.
2016;73(1):83-87.

10. Sheidow TG, Nicolle DA, Heathcote JG.
Erdheim-Chester disease: two cases of orbital
involvement. Eye (Lond). 2000;14(pt 4):606-612.

11. Diamond EL, Dagna L, Hyman DM, et al.
Consensus guidelines for the diagnosis and clinical
management of Erdheim-Chester disease. Blood.
2014;124(4):483-492.

12. Cheson BD, Sorensen JM, Vena DA, et al.
Treatment of hairy cell leukemia with
2-chlorodeoxyadenosine via the Group C protocol
mechanism of the National Cancer Institute:
a report of 979 patients. J Clin Oncol. 1998;16(9):
3007-3015.

13. Haroche J, Cohen-Aubart F, Emile JF, et al.
Dramatic efficacy of vemurafenib in both
multisystemic and refractory Erdheim-Chester
disease and Langerhans cell histiocytosis harboring
the BRAFV600E mutation. Blood. 2013;121(9):1495-
1500.

14. Hyman DM, Puzanov I, Subbiah V, et al.
Vemurafenib in multiple nonmelanoma cancers
with BRAF V600 mutations. N Engl J Med. 2015;373
(8):726-736.

15. Haroche J, Charlotte F, Arnaud L, et al. High
prevalence of BRAF V600E mutations in
Erdheim-Chester disease but not in other
non–Langerhans cell histiocytoses. Blood. 2012;120
(13):2700-2703.

Research Brief Report Clinical and Radiologic Responses to Cladribine for the Treatment of Erdheim-Chester Disease

1256 JAMA Oncology September 2017 Volume 3, Number 9 (Reprinted) jamaoncology.com

© 2017 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 05/22/2023

http://jama.jamanetwork.com/article.aspx?doi=10.1001/jamaoncol.2017.0041&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2017.0041
https://www.ncbi.nlm.nih.gov/pubmed/26980727
https://www.ncbi.nlm.nih.gov/pubmed/26980727
https://www.ncbi.nlm.nih.gov/pubmed/21239701
https://www.ncbi.nlm.nih.gov/pubmed/21751544
https://www.ncbi.nlm.nih.gov/pubmed/22070019
https://www.ncbi.nlm.nih.gov/pubmed/27144117
https://www.ncbi.nlm.nih.gov/pubmed/27144117
https://www.ncbi.nlm.nih.gov/pubmed/25902723
https://www.ncbi.nlm.nih.gov/pubmed/25902723
https://www.ncbi.nlm.nih.gov/pubmed/25434739
https://www.ncbi.nlm.nih.gov/pubmed/15148234
https://www.ncbi.nlm.nih.gov/pubmed/26964390
https://www.ncbi.nlm.nih.gov/pubmed/26964390
https://www.ncbi.nlm.nih.gov/pubmed/11040908
https://www.ncbi.nlm.nih.gov/pubmed/24850756
https://www.ncbi.nlm.nih.gov/pubmed/24850756
https://www.ncbi.nlm.nih.gov/pubmed/9738569
https://www.ncbi.nlm.nih.gov/pubmed/9738569
https://www.ncbi.nlm.nih.gov/pubmed/23258922
https://www.ncbi.nlm.nih.gov/pubmed/23258922
https://www.ncbi.nlm.nih.gov/pubmed/26287849
https://www.ncbi.nlm.nih.gov/pubmed/26287849
https://www.ncbi.nlm.nih.gov/pubmed/22879539
https://www.ncbi.nlm.nih.gov/pubmed/22879539
http://www.jamaoncology.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2017.0041

