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Summary

Background: Erdheim-Chester disease (ECD) is a rare non-Langerhans cells histiocytosis as-
sociated with intense immune activation. In our clinical center, an ECD patient was treated
with anakinra, IL-1RA (interleukin-1 receptor antagonist), resulting in clinical improvement and
major decrease of pathological fatigue. The aim of the study was to evaluate changes in cyto-
kine profile and shift of immune cells estimated by flow cytometric analysis of ECD patient be-
fore, during initial stages of anakinra treatment as well as after treatment ceased in comparison
to healthy donors. Methods: Singleplex reactions of 19 individual cytokines from serum of ECD
patient were measured by FACS array. Flow cytometric analyses were performed on peripheral
blood cells. Results: The most striking result is substantial decrease of IL-6 immediately after
anakinra treatment started suggesting a major role of IL-1 pathway in ECD pathophysiology.
As for flow cytometric analysis, increased number of CD16* monocytes before treatment is
a new finding. Conclusion: Our results suggest that IL.-6 may be a marker of early treatment
response of ECD patients treated with anakinra.
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Souhrn

Vychodiska: Erdheim-Chesterova nemoc (Erdheim-Chester disease — ECD) je vzacna histio-
cytoéza tzv. ,nelangerhansovych bunék” spojend s intenzivni aktivaci imunitniho systému.
Na nasem klinickém pracovisti byl ECD pacient |é¢en anakinrou. Anakinra je antagonista recep-
toru pro interleukin-1 (interleukin-1 receptor antagonist — IL-1RA). Tato |écba vedla ke zlepseni
klinického stavu a vyraznému snizeni patologické Unavy provazejici toto onemocnéni. Cilem
této prace bylo analyzovat zmény cytokinovych profild a zménu v zastoupeni bunék imunit-
niho systému pomoci pritokové cytometrie u ECD pacienta na pocatku lécby anakinrou i po
jejim skonceni a srovnat je s profily zdravych darcd. Metody: Singleplex reakce 19 jednotlivych
cytokinU ze séra ECD pacienta byly méreny pomoci metody FACS array. Déle byla provedena
analyza bunék z periferni krve pomoci pritokové cytometrie. Vysledky: Nejzajimavé;jsim vy-
sledkem bylo vyrazné snizeni hladiny IL-6 bezprostiedné po zahdjeni Ié¢by anakinrou. Tyto
vysledky naznacuji vyznamnou roli drahy IL-1 v patofyziologii ECD. Pomoci pritokové cytome-
trie jsme zaznamenali vyznamné zvyseni poctu CD16* monocytl pred zahajenim 1é¢by, coz je
zcela novy poznatek. Zdvér: Nase vysledky naznacuji, ze IL-6 by se mohl stat markerem ¢asné
odpovédi na Ié¢bu u ECD pacientt lécenych anakinrou.
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Introduction

Erdheim-Chester disease (ECD) is a rare
non-Langerhans cells histiocytosis that
was first described by Dr. Erdheim’s stu-
dent Dr. Chester in 1930 [1]. It is a hete-
rogeneous systemic disease involving
bones, lungs, skin, retro-orbital tissues,
central nervous system (CNS), pitui-
tary gland, vessels, kidneys, retroperito-
neum and heart. Clinical course of ECD
depends on the extent and distribution
of the disease, which may range from
asymptomatic bone lesions to multisys-
temic, life-threatening forms with poor
prognosis, especially in the case of speci-
fic CNS or cardiovascular involvement [2].

ECD diagnosis is currently based on
clinical, radiologic and pathologic fea-
tures with infiltration of organs by
CD68*/CD1a foamy histiocytes. ECD
treatment includes steroids, cytotoxic
agents, such as cladribine, interferon
a (IFN-a), recombinant human interleu-
kin-1 receptor antagonist (IL-1RA), ty-
rosine kinase inhibitors, bisphospho-
nates and autologous hematopoietic
stem cell transplantation but an opti-
mal therapeutic strategy remains to be
defined [3].

ECD is associated with intense syste-
mic immune activation, mainly involv-
ing IFN-q, interleukin 1 (IL-1)/IL-1 recep-
tor antagonist (IL-RA), IL-6, IL-12, and
monocyte chemoattractant protein 1
(MCP-1), consistent with systemic im-
mune Th-T1-oriented disturbance asso-
ciated with this disorder [3]. Increased
concentrations of inflammatory cyto-
kines increase also C-reactive protein
(CRP) and erythrocyte sedimentation.
Increased production of inflammatory
cytokines is responsible for crippling fa-
tigue of these patients [4].

A report of an ECD patient treated in
our center with anakinra (Kineret, Sobi),
a human recombinant IL-1RA, was pre-
viously published [4]. In brief, the ECD
patient was initially treated with 2-chlo-
rodeoxyadenosine (cladribine) and later
with lenalidomide with some improve-
ment of clinical manifestation of the
disease but no change in pathological
fatigue. That is why anakinra treatment
was used for three months. Anakinra
was given to the patient once daily as s.c.
injection of 100 mg, which led to impro-

vement of clinical manifestations of the
disease as well as significant decrease of
pathological fatigue experienced by the
patient.

Based on a paper published by Arnaud
et al [2], which analyzed effect of IFN-a
treatment on a network of 23 serum cyto-
kines of ECD patients, we profiled levels of
chosen 19 serum cytokines of a single ECD
patient treated with anakinra. Moreover,
we performed flow cytometric analysis
of lymphocytes and monocytes from pe-
ripheral blood of this patient. All samples
were obtained before treatment, during
initial treatment and after treatment.

To the best of our knowledge, we are
the first to measure such a panel of cyto-
kines as well as a flow cytometric panel
during the initial phases of anakinra
treatment of an ECD patient.

Material and methods

Patients and healthy controls

Serum and peripheral blood mono-
nuclear cells (PBMC) samples were ob-
tained from whole peripheral blood of
a male ECD patient during treatment
with human recombinant IL-1RA (ana-
kinra). As a control for cytokine profiles,
two age-matched healthy males were
used. All samples were obtained at the
University Hospital Brno, Czech Repub-
lic, only after obtaining informed consent
approved by the Ethical committee of
the Faculty Hospital Brno in accordance
with the Helsinki Declaration of 1975.
Altogether, 26 samples (serum for cyto-
kines measurements) from the patient
were obtained: 4 samples on day 4 and
3 before the treatment. Once anakinra
treatment started, 3 serum samples were
obtained each day (morning, noon and
evening). Anakinra was given to the pa-
tient each day immediately after morning
sampling.Then, samples were obtained 1,
3 and 4 weeks after hospitalization and
then 4 weeks after treatment ceased.
At the same time, whole peripheral blood
samples from the patient were obtained
once per day for flow cytometric analysis
during the entire sampling period.

Sample preparation and cytokine
measurement

Blood samples were collected and pro-
cessed immediately. After centrifuga-

tion at 2 000 g for 10 min, serum sam-
ples were stored at —80 °C and thawed
only once for cytokine measurement
using Human FlowCytomix Simplex Kits
(TNF-q, IL-1B, IL-1RA, IL-2, IL-4, IL-5, IL-6,
IL-8, IL-10, IL-12p70, IL-13, IL-17A, IFN-q,
IFN-v, IP-10, MCP-1, MIG, MIP-1a, MIP-B,
all e-Bioscience, San Diego, USA). Sam-
ples were measured according to manu-
facturers’recommendations by two-step
incubation assay: first incubation with
Biotin-Conjugate mixture and second in-
cubation with Streptavidin-PE solution.
For all cytokines, standard dilution cur-
ves were prepared, and all samples were
measured in triplicates on BD FACS Array
using BD FACS Array System Software
and further analyzed by FlowCytomix
Pro, v3.0. Data were analyzed using stan-
dard descriptive statistics (min—max); for
analysis of continuous parameters rela-
tionship, the Spearman correlation co-
efficient was adopted.

Flow cytometry

Anticoagulated peripheral blood samp-
les were incubated with the following mo-
noclonal antibodies: CD38-Pacific Blue
(Exbio), CD45-Krome Orange (Beckman
Coulter), CD3-FITC/CD16%56-PE (Beck-
man Coulter), CD19-PC7 (Beckman Coul-
ter), CD8-PerCP (Exbio), CD4-APC (Exbio),
HLA-DR-APC-eFluor780 (eBioscience)
and lysed with ammonium chloride.
Analyses were done by flow cytometer
FACS Canto Il (BD Biosciences) equipped
with 3 lasers in 8-color setting. About
0.25-0.3 x 10° cells per sample were
analyzed. Relative counts of lymphocy-
tes, monocytes (according to CD45 vs
complexity) and especially CD56" mo-
nocytes, were assessed as well as CD3*T,
CD3*CD4* Th, CD3*CD8* Tc, CD19* B,
CD3-CD16*CD56* NK, CD3*CD16*CD56*
NKT lymphocytes and subpopulations
of CD3*HLA-DR* and CD8*CD38* activa-
ted T lymphocytes were determined.

Results

Flow cytometric analysis

Total of 12 analyses were performed dur-
ing the patient’s follow-up with no signi-
ficant changes in relative numbers of se-
lected subpopulations when data before
(three analyses), during (eight analyses)
and after the treatment (one analysis)
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were compared. In great detail, rela-
tive number of lymphocytes increased
during treatment (median 18% (range
14-19)) and after anakinra withdrawal
decreased again to similar level (12%) as
before treatment (11% (11-15)). Num-
ber of monocytes slightly increased dur-
ing the treatment as well, from 8% (7-8)
to 11% (8-12), but more interesting is re-
duction of slightly increased amount of
CD16" monocytes from 11.0% (8.4-12.0)
to 8.6% (5.5-13.6) during the treatment
to only 4.9% after anakinra withdrawal
(Fig. 1). The reduction is also observed
when compared with healthy controls
(median 9.8% (4.4-14.4)).

As for T cells, number of CD3* T lym-
phocytes was physiological during
the whole time; however, percent-
age of CD4* Th lymphocytes was re-
duced when compared with physio-
logical number (18.2% (16.0-19.7) vs
17.9% (14.9-22.5) vs 19.2%) and per-
centage of CD8* Tc lymphocytes was
increased (47.6% (47.3-52.0) vs 47.9%
(40.9-52.0) vs 48.7%). Hence, immunore-
gulatory index (IRl), the ratio of CD4* Th/
/CD8* Tc lymphocytes (0.4 (0.3-0.4) vs
0.4 (0.3-0.6) vs 0.4) was inversed. Con-
cerning B cells, their number was nor-
mal, as well as numbers of activated
CD3*HLA-DR and CD8*CD38* T lym-
phocytes. Further, number of NK cells
(20.2% (17.1-22.3) vs 20.9% (17.4-24.8)
vs 21.1%) as well as NKT lymphocytes
(20.0% (14.6-21.0) vs 19.6% (16.8-22.9)
vs 19.9%) was slightly higher than nor-
mal. We assume that there was no con-
siderable effect of treatment on relative
count of analyzed immunocompetent
cells (Tab. 1).

Cytokine profile during anakinra
treatment

Total of 26 analyses of 19 cytokines were
performed on serum samples of the
ECD patient as well as two age-matched
healthy controls (Fig. 2). Levels of ma-
crophage inflammatory protein 1a
and B (MIP-1a, MIP-1B), monocyte che-
moattractant protein 1 (MCP-1), inter-
feron-y-inducible protein-10 (IP-10),
IL-1 receptor antagonist (IL-1RA), mo-
nokine induced by interferon-y (MIG),
IL-6, IL-8 and interferon-a (IFN-a) were
detectable in patient’s follow-up serum
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Fig. 1. Detection of CD16* monocytes.

Subpopulation is visualised (black dots) together with rest of cells including monocytes
(dark grey dots) and leukocytes (light grey dots) (C). CD16* monocytes create a separate
population of monocytes with lower FSC and SSC (A, B). Analyses were done by Infinicyt
software (Cytognos). The APS (Automatic Population Separator) dot plot is presented to

clearly separate and visualize the events (D).

samples and in healthy controls. How-
ever, levels of IL-17A, IL-2, IL-10, IL-4,
IL-1B were present in patient’s samples
only at three (3/5) time points before
the treatment (IL-17A: 23.6-33.1 pg/ml,
IL-2: 186.1-252.7 pg/ml, IL-10:
0.41-11.48 pg/ml, 54.7-102.9 pg/ml,
2.75-25.1 pg/ml). Levels of IL-13, IL-5,
IL12-p70, IFN-y and tumor necrosis fac-
tor a (TNF-a) were not detectable at all,
either in patient or healthy control sam-
ples and were excluded from further
analyses.

IL-6, IL-8 and IP-10 were found to
be reduced in samples obtained dur-
ing the treatment and increased after
treatment withdrawal. There was a dec-
rease of IL-6 in the samples taken dur-
ing the treatment when compared to
the samples taken prior to treatment

(0 pg/ml vs 18.23-6.96 pg/ml resp.), and
levels of IL-6 were higher in patient’s
untreated samples than in healthy con-
trols (18.23-6.96 pg/ml vs 0 pg/ml).
IL-8 was present in patient’s serum prior
to treatment (25.4-82.3 pg/ml); during
the treatment, its levels fluctuated be-
tween detectable and undetectable le-
vels, and after first five doses of anakinra,
its level was stable (14.6-58.9 pg/ml).
As for IP-10, there was an increased
level of this cytokine in untreated sam-
ples (65.7-164.1 pg/ml) when compared
with healthy controls (30.0-34.6 pg/ml).
IP-10 was further reduced dur-
ing the first five days of treatment
(0-83.4 pg/ml); however, after first five
days of therapy, it increased consider-
ably (125.7-189.6 pg/ml); one month
after treatment withdrawal, it was com-
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whole blood and interquartile range.

Tab. 1. Flow cytometric analysis of ECD patient. Numbers indicate median of percentage of cell population measured from the

Subpopulations/time of acquisition
lymphocytes

monocytes

CD16* monocytes

CD3*T lymphocytes

CD3*CD4* Th lymphocytes
CD3+*CD8* Tc lymphocytes

CD19* B lymphocytes

CD3-CD16*56* NK lymphocytes
CD3*CD16%56* NKT lymphocytes
CD3*HLA-DR* activated lymphocytes
CD8*CD38* activated lymphocytes
IRI (Th/Tc)

Before treatment (n = 3)

11(11-15) 18 (14-19) 12

8(7-8) 11(8-12) 10
11.0 (8.4-12.0) .6 (5.5-13.6) 4.9
68.4 (67.2-69.1) 67.6 (63.9-71.1) 68.8
18.2 (16.0-19.7) 17.9 (14.9-22.5) 19.2
47.6 (47.3-52.0) 47.9 (40.9-52.0) 48.7

(
(
(
4(7.3-14.3)
(
(

20.2(17.1-22.3) 20.9 (17.4-24.8) 211
20.0 (14.6-21.0) 19.6 (16.8-22.9) 19.9
6.0 (5.0-6.5) 5.8(3.3-8.3) 52
0.3 (0.2-1.0) 0.2 (0.1-0.3) 0.6
0.4 (0.3-0.4) 0.4 (0.3-0.6) 0.4

During treatment (n = 8)

11.5(9.0-15.6) 9.8

After treatment (n=1)

parable to levels before the treatment
(93.2 pg/ml). Furthermore, IFN-a level
was detectable only in two (2/5) samples
before treatment (193.6-318.3 pg/ml), it
decreased to undetectable level prior
the treatment, continued to be unde-
tectable during the treatment and then
reappeared again after five doses of
treatment (31.3-617.5 pg/ml).

MIP-Taand MIG levels in patient’s sam-
ples did not display any visible change
between the initial and the follow-up
evaluation; however, MIP-1a levels
were increased when compared with
healthy controls (1,929.6-2,543.8 pg/ml
vs 104.7-216.1 pg/ml), but no change
between patient and healthy controls
was observed for MIG Although MIP-103,
MCP-1 and IL-1RA fluctuated during the
follow-up (MIP-1(3: 54.8-145.8 pg/ml;
MCP-1: 4,485.5-11,836.9 pg/ml; IL-1RA:
983.7-3 495.6 pg/ml), there was no con-
siderable difference in the cytokines le-
vels connected to the treatment; as for
MIP-13 and MCP-1, there was no differ-
ence when compared with healthy con-
trols (MIP-1(: 41.1-52.6 pg/ml; MCP-1:
5,283.8-5,664.9 pg/ml); however, IL-1RA
levels were reduced in healthy controls
(364.0-452.9 pg/ml) (Tab. 2).

Markers of inflammation, such as CRP
and ferritin, were increased before the
treatment (CRP: 19.7-22.1 mg/I, ferritin:
33.3 pg/l) and then decreased during

anakinra treatment (CRP: 0.0-14.4 mg/I,
ferritin: 33.3-11.3 pg/l) and increased
again after treatment withdrawal
(CRP: 12.8 mg/|, ferritin 20.2 pg/l) [4].
We found a significant positive correla-
tion between CRP or ferritin and some
of the cytokines. Levels of CRP were as-
sociated with levels of MIP-1a (p = 0.01,
rs = 0.733) and levels of ferritin with le-
vels of ILTRA (p =0.016, rs = 0.847).

Discussion
Erdheim-Chester is a rare disease that is
hard to treat although currently there
are several treatment options. None of
them work long-term, and although
IFN-a treatment showed some promise,
it cannot be used for all patients. There
are some studies suggesting a major role
of IL-1 in ECD. As IFN-a induces IL-1RA,
the natural negative regulator of IL-1,
it seems to suggest that IFN-a therapy
modulates the IL-1 pathway. Thus, the-
rapy with human recombinant form of
IL-1RA has been reported to be effective
and safe in several auto-inflammatory
diseases, such as cold auto-inflammatory
periodic fever and familial Mediterranean
fever, in which IL-1 has a pivotal role [5].
Anakinra is a recombinant antagonist of
IL-1R.IL-1 is @ major inducer of a cascade of
inflammatory cytokines. In ECD, after IL-1R
is blocked by anakinra, IL-1 produced by
histiocytes cannot induce production of

more inflammatory cytokines. Thus, ana-
kinra can significantly decrease systemic
inflammatory reaction of these patients as
well as major fatigue that is often crippling
for these patients [4].

So far, there are only three case re-
ports of using anakinra for ECD patients,
including the report from our clinical
center. In the first study, Aouba et al [5]
showed marked clinical improvement in
two ECD patients connected to decrease
in CRP and decrease of mean fluo-
rescence intensity of IL-1a on monocy-
tes. A recent study by Killu et al [6] used
anakinra on an ECD patient with cardiac
involvement but reported only clinical
improvement of the patient.

In our clinical center, an ECD patient
was treated with anakinra with major
decrease of fatigue of the patient as well
as clinical manifestations of the disease;
decrease in CRP was also noted [4].
As a follow-up of the clinical study, we
analyzed cytokine profile of this ECD pa-
tient. Unlike Aouba et al [5] who con-
centrated only on several cytokines, we
decided to analyze serum levels of cy-
tokines based on a study by Arnaud
et al [2]. That study is the largest study of
ECD patients - in total, 37 ECD patients
treated with IFN-a were included in this
study. Cytokine levels before and after
treatment and in comparison to healthy
controls were analyzed in that study.
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Fig. 2. Cytokine profile of serum samples of ECD patient and two healthy donors (HD).

Cytokine levels in pg/ml before (-4, -3) ECD patient treatment, during the treatment with anakinra (1-73) and 40 days after treatment
withdrawal (+40) are expressed. Mean levels of cytokines in healthy donors (HD) are displayed as well.

Unlike Arnaud, we decided to fre-
quently monitor initial cytokine fluctua-
tions using singleplex measurement
of each cytokine. Four serum samples
were obtained before treatment. Then,
while the patient was hospitalized, in
the initial phase of treatment, the sam-
ples were obtained three times a day

(at 8 am, 12 pm and 6 pm) for seven
days, then at several time points after
hospitalization and after treatment
withdrawal.

In our cytokine analysis of the ECD
patient, we were not able to show the
ECD cytokine signature as published
by Arnaud et al [2]. In their study, they

suggested the existence of a five cy-
tokine profile (IFN-a, IL-12, MCP-1,
IL-4 and IL-7) that distinguishes ECD pa-
tients from healthy donors. We were
not able to detect IL-12p70 in our sam-
ples at all, and IL-4 was detectable only
at 3/5 time points before treatment.
The original analysis of Arnaud exclu-
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Tab. 2. Cytokine profile of ECD patient and healthy controls before, during and after anakinra treatment. Numbers indicate
mean levels of cytokines in pg/ml in each measurement.
Days of Cytokines pg/ml
treatement  pypqg  MCP-1 MIP-1a IL-8 IL-6 IFN-a IP-10 IL-1RA MIG
-4 108.99 11,731.33 2,450.82 25.44 6.96 318.34 160.32 2,245.16 749.21
77.94 11,836.88 2,218.41 43.17 13.17 193.64 159.39 983.74 31243
-3 80.53 9,010.56 2,543.76 33.81 18.23 0.00 98.56 1,531.87 592.10
75.71 8,355.35 2,307.63 44.88 11.94 0.00 65.73 1,166.86 345.13
1 147.83 10,170.06 2,431.08 82.25 16.78 0.00 164.10 1,546.45 313.51
65.32 7,808.15 2,067.24 0.00 0.00 0.00 103.74 1,829.67 448.00
45.77 7,748.09 2,332.43 0.00 0.00 0.00 0.00 2,125.53 481.17
2 105.42 8,674.66 2,389.31 0.00 0.00 0.00 70.11 1,856.12 339.89
66.00 6,806.08 2,210.34 0.00 0.00 0.00 0.00 1,361.98 395.72
63.47 7,437.28 2,175.90 26.15 0.00 0.00 0.00 1,349.94 33333
3 76.35 6,799.39 2,031.59 0.00 0.00 0.00 74.75 1,872.54 324.28
66.51 7,576.73 2,120.63 0.00 0.00 0.00 66.80 1,143.31 349.18
57.77 7,495.56 2,142.53 0.00 0.00 0.00 77.71 1,140.68 309.19
4 57.59 6,550.05 2,158.57 0.00 0.00 0.00 83.39 1,687.41 508.95
69.22 6,175.97 2,276.60 35.33 0.00 0.00 58.54 2,430.54 693.11
55.27 4,485.54 2,084.57 33.55 0.00 0.00 16.69 2,806.92 344.61
5 63.10 5,835.89 2,046.16 0.00 0.00 0.00 64.69 3,495.64 504.64
54.85 5,556.90 2,101.39 0.00 0.00 0.00 26.86 1,151.70 287.24
70.63 6,257.68 2,052.61 23.08 0.00 0.00 39.06 2,322.80 539.61
23 74.63 9,268.55 1,929.64 16.88 0.00 0.00 173.22 1,642.79 466.21
29 80.66 8,080.07 1,993.24 58.88 0.00 510.89 189.64 2,033.70 627.09
50 74.15 7,752.87 2,084.75 30.10 0.00 198.68 137.73 1,228.53 449.92
73 75.37 6,691.78 2,120.06 14.58 0.00 31.31 125.67 1,263.64 496.82
+40TW 66.89 4,859.19 2,293.57 23.15 0.73 617.48 93.15 1,727.01 510.82
HD1 41.05 5,283.78 104.70 16.69 0.00 231.37 29.95 452.93 533.76
HD2 52.56 5,664.94 216.09 16.88 0.00 293.59 34.58 363.97 77.35

ded 4 ECD samples as they did not have
this signature [2]; so it is possible that
our patient would fall into this category
as well.

Of the measured cytokines, the most
interesting findings are undetect-
able levels of IL-6 during the treatment
suggesting that anakinra is able to dec-
rease the intense immune system acti-
vation of this patient. The major role of
IL-1 pathway in ECD seems to hold true
even in the case of our ECD patient. Cli-
nical findings of the patient are in con-
cordance with our measurements, as the

patient reported decreased fatigue on
the second day of anakinra treatment.
In general, the cytokine profiles fol-

low clinical findings of the patient that
had major improvement in quality of life
as the pathological fatigue disappeared
during anakinra treatment.

As IL-1 family cytokines are essentially
produced by monocytes and macro-
phages, we analyzed monocytes in detail.
Unlike Myra et al [7], we did not find any
monocytosis. On the other hand, we found
slightly increased presence of CD16* mo-
nocytes persisting in the ECD patient be-

fore treatment - a fact that has not been
published yet. Population of CD16* mo-
nocytes is usually increased during acute
inflammatory illness as well as during
chronic inflammatory illnesses such as
rheumatoid arthritis and HIV infections
[8]. Reduced number of these cells in the
1t week of treatment, was followed by
their increased number, so the effect of
anakinra on this population seems to be
only temporary, and this subpopulation is
probably not involved in clinical manife-
station of ECD. Relative numbers of selec-
ted lymphocyte subpopulations, including
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activated forms, were not affected by ana-
kinra treatment, so we found no effect of
treatment on immunocompetent cells.
Fluctuation of cytokines found in this
study mirrors the disappearance of clini-
cal manifestations of the disease; how-
ever, this change is only temporary con-
nected to anakinra administration.
Thus, based on this paper as well as the
previous clinical study, we believe that
anakinra treatment may be a viable op-
tion for treatment of ECD patients. While
anakinra does not cure the disease,
it suppresses ECD consequences and
markedly improves the quality of life of

ECD patients. In our opinion, anakinra is
showing a great potential for eliminating
at least some symptoms of ECD.
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