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a  b  s  t  r  a  c  t

Erdheim-Chester  disease  (ECD)  is  a rare  form  of  non-Langerhans  cell  histiocytosis  characterized  by  xan-
thogranulomatous  infiltration  of  foamy  histiocytes  frequently  involving  bone  and  other  organ  systems.
We  herein  report  a unique  case  of  ECD  discovered  incidentally  in  an  explanted  liver  in a  65-year-old  male
with  end-stage  liver  disease  secondary  to hepatitis  C cirrhosis.  Histological  examination  and  immunohis-
tochemical  studies  in  the  explanted  liver  revealed  prominent  foamy  histiocytes  that  were CD68  positive,
but CD1a  and S100  negative.  Mutational  hotspot  analysis  of the  explanted  liver  using  a  panel  of  47  most
common  cancer-related  genes  performed  by next  generation  sequencing  (NGS)  revealed  likely  somatic
mutations  in  the  PDGFRA,  PTEN,  and  HNF1A  genes,  but no  BRAF  codon  600  mutations  were  detected.  The
bone  marrow  showed  similar  findings  as  in  the  liver.  Whole  body  PET  and  bone  scans  demonstrated

increased  heterogeneous  uptake  in  bilateral  humeral  and  femoral  diaphysis,  most  compatible  with  ECD.
To our  knowledge,  this  is the  first  case  report  of  ECD  that  involves  mainly  bone  marrow  and  liver  with
novel  genomic  alterations.  Our  case  highlights  the  diversity  and complexity  of  this  disease  entity  and  the
importance  of multi-modality  approach  integrating  clinical  and  radiologic  features  with  histopathologic

ndin
and  molecular/genomic  fi

. Introduction

First described in 1930 by Drs. Jakob Erdheim and William
hester as “lipioid granulomatosis”, Erdheim-Chester disease (ECD)

s a rare form of non-Langerhans cell histiocytosis characterized by
anthogranulomatous infiltration with foamy histiocytes [1–3]. It
ffects middle-aged individuals with a slight male predominance.
s of the present time, approximately 400 cases of ECD have been
ocumented, the majority of which have been reported in the last
0 years. Skeletal involvement causing bone pain occurs in the vast
ajority of cases (up to 96%), and manifests typically as osteoscle-

osis of the long bones on imaging studies [4]. Approximately half
f those affected have extraskeletal involvement, including the
ypothalamus-pituitary axis [5], lung [6], heart [7], gastrointesti-

al (GI) tract [8], retroperitoneum [9], skin [10], kidneys [11], spleen
12], and orbit [13], etc. As a result, the symptoms of ECD can be
eneral or focal, and the clinical course is diverse ranging from
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an Diego Health System, San Diego, CA 92103-8320, USA.
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indolent disease to a systemic syndrome of rapid progression, with
a reported global 5-year mortality of 30–40% [14]. The diagnosis
of ECD relies on typical histomorphological findings, supported by
immunohistochemical studies to confirm monocyte origin of the
lesional cells [15–17]. ECD can be elusive given its rarity, variable
organ involvement, and non-specific clinical presentation.

While the exact etiology of ECD is as yet unknown, accumulated
evidence so far has supported the notion that at least some cases
of ECD represent a clonal disorder based on the reported muta-
tions including BRAF V600E [18–21], RAS [21], and PIK3CA [21].
The reported frequency of BRAF V600E mutation in the largest
cohort studied is approximately 58% (46/80) [21], while RAS and
PIK3CA mutations occur at a much lower frequency [21], 18%
(3/17) and 13% (7/55), respectively. Rarely, a cytogenetic abnormal-
ity involving the balanced chromosomal translocation t(12;15;20)
(q11;q24;p13.3) has also been reported [22].

We herein report a unique case of ECD incidentally discovered in
a liver explant and bone marrow of a patient with pre-existing HCV

hepatitis. Although no mutations in the BRAF, RAS,  and PIK3CA genes
were identified, novel and potentially significant mutations in the
PDGFRA, PTEN and HNF1A genes were detected. These new genomic
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ndings expand our understanding of the underlying molecular
echanism of ECD.

. Clinical summary

A 65-year-old male with hepatitis C diagnosed in 1993, cirrho-
is diagnosed in 2002 (outside biopsy not available for review),
nd frequent ascites underwent liver transplant in 2013. His past
edical history was significant for pancytopenia, and work-up

howed paraproteinemia, or monoclonal gammopathy of undeter-
ined significance (MGUS), with increased serum � light chains

nd a skewed �:� ratio of 7:1. However, a bone marrow biopsy
erformed in early 2012 showed clusters of large foamy histiocytes
ith no evidence of monotypic plasma cells. Similar histiocytosis
as noted in the explant liver one year later, which in combination
ith bone marrow biopsy findings are characteristic of ECD. The
atient then underwent a systemic skeletal examination to rule
ut bone involvement. Although no clear evidence of osteolytic or
steosclerotic lesions was identified, there was increased heteroge-
eous uptake in bilateral humeral and femoral diaphyses revealed
y fluorodeoxyglucose (FDG) whole body PET scan (Fig. 1A and B)
nd bone scan (Fig. 1C), findings that are compatible with ECD.

During the two-year’s follow-up, the patient underwent a liver
eedle core biopsy at 6 months after the liver transplant, which
howed early recurrent hepatitis C, but no evidence of histiocytosis
data not shown). After anti-hepatitis C therapy, his liver func-
ion normalized and no further biopsies have been performed since
hen. He continued to have mild pancytopenia and mild IgG kappa
araprotein with no evidence of disease progression. Other than
arly biliary anastomotic strictures requiring stent placement, a
esection of an inguinal hernia sac, and a suspicion for pleural effu-
ion on recent imaging studies, the patient has been doing well
ithout specific treatment for ECD.

. Materials and methods

.1. Tissue samples

Sections from formalin-fixed, decalcified, paraffin-embedded
FFPE) bone marrow biopsy were stained with hematoxylin and
osin (H&E) and reviewed. Tissue obtained from the liver explant
pecimen was fixed in 10% buffered formalin for overnight, rou-
inely processed, sectioned and stained with H&E, trichrome, PASD,
nd reticulin. Special stains for microorganisms, including FITE,
MS, PAS, and Ziehl-Neelsen were performed according to standard
rocedure.

.2. Immunohistochemistry

FFPE sections 3–4 �m in thickness from bone marrow biopsy
nd liver explant were mounted on positively charged glass
lides. The immunohistochemistry was carried out according to
stablished protocols using 3,3′-diaminobenzidine detection kit
indirect biotin-avidin system) and an automated immunostainer
Ventana Medical Systems, or Dako autostainer). The following
ntibodies were used: CD1a (Cell Marque, 1.51 �g/mL), CD68 (Cell
arque, 0.04 �g/mL), CMV  (Cell Marque, 0.255 �g/mL), factor XIIIa

Biocare Medical, 250 �g/mL), and S100 (Invitrogen, 0.132 �g/mL).
nternal and external controls and irrelevant antibodies in each
taining run were acceptable.
.3. Molecular studies using next generation sequencing (NGS)

Evaluation of mutational hotspots in a panel of 47 clinically rel-
vant genes for solid tumors was performed by NGS using DNA
d Practice 212 (2016) 849–854

extracted from FFPE liver explant tissue. The genes included in this
panel are as follows:

ABL1 AKT1 ALK APC ATM BRAF

CDH1 CSF1R CTNNB1 EGFR ERBB2 ERBB4
FBXW7 FGFR1 FGFR2 FGFR3 FLT3 GNA11
GNAQ GNAS HNF1A HRAS IDH1 JAK2
JAK3 KDR KIT KRAS MET  MLH1
MPL NOTCH1 NPM1 NRAS PDGFRA PIK3CA
PTEN PTPN11 RB1 RET SMAD4 SMARCB1
SMO SRC STK11 TP53 VHL

Amplicon-based sequencing libraries were created from each
specimen using the Illumina TruSeq Amplicon—Cancer Panel
Library Prep Kit (Illumina, Inc., San Diego, CA). Libraries were
sequenced to a minimum coverage of 500X on a MiSeq instrument
(Illumina) using paired 150 base pair reads. A custom bioinformat-
ics analysis pipeline was employed to align the reads to the targeted
regions in the genome, call variants, and annotate variants with
respect to somatic status and functional predictions. All variants
deemed significant were confirmed by Sanger sequencing analysis.

4. Results

4.1. Histopathological findings

The bone marrow biopsy showed clusters and sheets of large
cells with abundant foamy cytoplasm in a mildly hypercellu-
lar marrow with trilineage hematopoiesis (Fig. 2A). There was
no morphological and immunophenotypic (flow cytometry and
immunohistochemistry) evidence of plasma cell dyscrasia and
cytogenetics revealed normal male karyotype (data not shown).

The liver explant weighed 1777 g and measured
30.8 × 19.5 × 8.5 cm.  Macroscopically, the hepatic capsule was
red-brown, hemorrhagic, and nodular, typical of a cirrhotic liver as
expected. It was  also remarkable for white-tan exudative material
located at the junction of the left and right lobes and involving
the caudate lobe. Microscopically, there were changes consistent
with chronic viral hepatitis with moderate activity and advanced
bridging fibrosis bordering on cirrhosis (stage 5/6). Yet, similar to
the findings in bone marrow, a cardinal feature of the liver was
presence of sheets of bland-appearing foamy histiocytes near the
capsular surface and in large portal areas associated with fibrosis
(Fig. 2B–D). No hepatocellular neoplasms or Michaelis-Guttman
bodies were present.

4.2. Immunohistochemistry

The foamy histiocytes in both the liver and bone marrow were
strongly positive for CD68 and Factor XIIIa, but negative for CD1a
and S100 (Fig. 3A–D), confirming a histiocytic origin that is seen
in ECD. No evidence for mycobacterial or fungal micro-organisms
was identified by Ziehl-Neelsen, FITE, and GMS  special stains. No
Michaelis-Guttman bodies were identified on PASD stain to suggest
malakoplakia. There was no cytomegalovirus (CMV) detected by
immunohistochemistry (data not shown).

4.3. NGS molecular findings

Three potentially significant variants were detected: PDGFRA
c.2096A > T (p.E699 V), PTEN c.775C > T (p.H259Y), and HNF1A
c.938 940delCCC (p.P314del). The PDGFRA and PTEN mutations are
single nucleotide variants resulting in non-synonymous amino

acid changes, whereas the HNF1A mutation is a deletion of three
nucleotides, resulting in an in-frame deletion of a proline residue at
amino acid position 314 of 631. Of note, each mutation was detected
at a measured allele frequency of approximately 15% (Table 1), sug-
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Fig. 1. Imaging findings. On PET scan, increased heterogeneous uptake is present in the b
(right)  and posterior (left) projections, 4 h after 25mCi of Tc-99m MDP (methylene diphos
and  both femoral diaphyses and metaphyses.

Table 1
Three potentially significant variants detected (PDGFRA, PTEN, and HNF1A), each at
approximately 15% frequency.

GENE NAME PDGFRA PTEN HNF1A

Chromosome position chr4 55144622 chr10 89717750 chr12 121432190
Reference A C TCCC
Variant T T T
Coding change c.2096A > T c.775C > T c.938 940delCCC

g
3
m
B
E

5

f
r
P

with bone and lung involvement [28], while the non-JXG fam-
Protein change p.E699V p.H259Y p.P314del

esting that these likely represent an overall tumor percentage of
0% in the specimen (which is consistent with the histological esti-
ation of tumor volume on the tissue block). Interestingly, the

RAF V600E mutation, which is most frequently associated with
CD, was not detected in our case.

. Discussion

We  report here a unique and interesting case of ECD with the

ollowing two features: first, it mainly involves liver, bone mar-
ow and bone; secondly, it possesses novel genomic alterations in
DGFRA, PTEN and HNF1A,  which may  have potential therapeutic
ilateral humeral (A) and femoral (B) diaphyses. (C) Whole body bone scan. Anterior
phonate) intravenous injections, show increased uptake in the right distal humerus

applications in its treatment. To our best knowledge, these genomic
mutations have not been previously reported in this disease.

While ECD involves different organ systems and exhibits diverse
clinical manifestations, liver involvement is extremely rare. Includ-
ing the present study, only seven cases of ECD involving the
hepatobiliary system have been identified to date [8,23–27]. Inter-
estingly, all seven cases were males with an average age of 47
(21–69) years. Histopathological findings in these seven cases were
slightly different: five cases showed mainly portal histiocytosis, one
case described extensive hepatic lobular tissue involvement, and
one demonstrated bile duct fibrosis with no hepatic parenchyma
damage (Table 2). Among these 7 cases, other organ systems were
also variably affected, including the bone and bone marrow. Follow-
up in 4 cases revealed diverse clinical courses ranging from stable
condition to rapid death, similar to other cases of ECD without liver
involvement.

The 2008 WHO  Classification of Tumors of Haematopoietic
and Lymphoid Tissues categorizes ECD under “disseminated juve-
nile xanthogranuloma (JXG)”, as a possible adult form of JXG
ily includes “sinus histiocytosis with massive lymphadenopathy”
(Rosai-Dorfman disease). Both Rosai-Dorfman disease and JXG/ECD
belong to a family of histiocytic disorders, aka non-Langerhans
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Fig. 2. Histopathologic findings. (A) Bone marrow with clusters of foamy histiocytes (H&E, 20X); (B–D) Liver with abundant foamy histiocytes expanding large portal tract
(H&E,  20X, 200X, and 400X, respectively).

Table 2
Summary of ECD cases with hepatobiliary involvement.

Author/Year Age/Gender Initial symptoms Liver manifestation Other organ systems Follow-up

Current case 65/M End stage liver failure Capsular surface and portal
areas with fibrosis and
inflammation

Bone/bone marrow Stable

Tsynman et al. [27] 49/M Dyspnea, fatigue and ascites Periportal inflammatory
infiltrate and fibrosis

n.a. n.a.

Pan  et al. [8] 69/M Fever, and gastrointestinal
symptoms

Xanthogranulomatous
infiltration

Bone, lung, kidney, omentum,
small bowel

Died in one month

Gupta  et al. [24] 44/M Fever, dyspnea, limb pain Histiocytes, fibroblasts,
lymphocytes and a few plasma
cells

Bone, lung n.a.

Gundling et al. [23] 50/M Elevated liver enzymes Large tumor in liver hilum with
bile duct stenosis

Pituitary (1 yr before) Stable

Ivan  et al. [25] 32/M Motor weakness Histiocytosis, lymphocytic
inflammation, fibrosis, and
granulomas

Bone n.a.

Sandrok et al. [26] 21/M Progressive bone pain and
pericardial effusion

Involved but not specified Bone, pericardium, pleura,
spleen, thyroid, skin,
conjunctiva, gingiva, and false

Stable

n

c
i
n
o
S
d
c
F
h

.a.: Unknown or not reported.

ell histiocytosis (non-LCH) as opposed to LCH. This classification
s based upon unique cell origin and immunoprofiles: whereas
on-LCH (including ECD) is of CD68+/CD1a- monocyte/macrophage
rigin, LCH is derived from CD1a+/Langerin+/S100+ dendritic cells.
ince both originate from CD34+ hematopoietic stem cells, the

istinction between LCH and non-LCH may  not always be clear-
ut; in fact, both conditions can occur in the same patient [29].
urthermore, both LCH and ECD conditions are associated with a
igh prevalence of the BRAF V600E mutation [30,31], suggesting a
vocal cord

common pathogenesis for both disease entities [32]. In addition, a
recent revised classification from the Working Group of the Histio-
cyte Society has proposed including LCH, ECD and extra-cutaneous
JXG in a single group given the overlapping features [33].

The differential diagnosis of ECD can be very challenging. Infec-

tious etiologies should always be considered and ruled out, as in our
case. Involvement in bone and/or bone marrow should also be dif-
ferentiated from other medical conditions on a case-by-case basis,
such as osteomylitiis, Paget’s disease, lymphoma, sarcoidosis, and
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ig. 3. Immunohistochemical profile of foamy histiocytes. The foamy histiocytes ar
00X)  and CD1a (D, 400X).

lycogen or lipid storage disease (Gaucher or Niemann-Pick dis-
ase) especially when it involves both the liver and bone marrow. In
his situation, a thorough family history and complete understand-
ng of the clinical presentation are important to make the correct
iagnosis.

In our case, although no BRAF, RAS, or PI3K mutations were iden-
ified, potentially significant mutations in PDGFRA, PTEN, and HNF1A
re present. Each of these 3 genes is a known oncogene or tumor
uppressor gene. PDGFRA, a tyrosine kinase receptor,mutations
ave been described in patients with gastrointestinal stromal
umors [34] and myeloid/lymphoid malignancies associated with
ypereosinophilia [35]. PTEN, a tumor suppressor gene, is a nega-
ive regulator of the PI3K signaling and mutations of this gene are
een in many neoplastic syndromes [36]. HNF1A mutations have
een implicated in hepatic adenoma and pancreatic cancer [37].
he significance of these mutations identified in our case is not
ntirely clear. None of the these mutations have been reported
n the Catalog of Somatic Mutations in Cancer (COSMIC) database
reviously; however, analysis of these variants using the SIFT and
olyPhen-2 functional impact prediction algorithms indicates that
ach is “damaging” or “potentially damaging” to the encoded pro-
ein. Additional work to identify the true functional significance of
ach will be necessary to more completely elucidate their role, if
ny, in the pathogenesis of ECD.

Despite the recently identified genetic mutations, the etiology
f ECD and the nature of this entity being reactive or neoplastic
as long been debated [14,38]. The network of proinflammatory

yto/chemokines responsible for the recruitment and activation
f histiocytes into ECD lesions and the presence of oncogenic
utations (such as BRAF V600E) led to the “oncogene-induced

enescence (OIS)” hypothesis, where a protective mechanism
gly positive for CD68 (A, 400X) and Factor XIIIa (B, 400X), but negative for S100 (C,

against oncogenic events is activated by cell cycle arrest and the
induction of pro-inflammatory molecules [14,17]. This hypothe-
sis suggests that the inflammatory local and systemic effects in
ECD represent an uncontrolled reaction in OIS. On the other hand,
some authors suggest that all of the histiocytic disorders including
LCH and ECD should be classified as “inflammatory myeloid neo-
plasms” [38], incorporating both the “inflammatory and neoplastic”
features of these entities. How these features relate to the diverse
disease process and prognosis are currently not clear.

Therapeutic management is usually recommended for all ECD
patients except those with asymptomatic disease [39]. Tradition-
ally, chemotherapy involving cytotoxic drugs and corticosteroids
were used until interferon-alpha (IFN-�) became the first-line ther-
apy after its efficacy was  first noted in 2005 [40]. With the advent
of identifying specific mutations in the BRAF gene, targeted therapy
with vermurafenib has achieved great success not only in tumors
harboring this mutation, but also in LCH and ECD patients [41].
Interestingly, the tyrosine kinase inhibitor Imatinib mesylate has
also been successfully used in some patients with histiocytic dis-
orders, even though no mutations in KIT,  ABL, or PDGFR have been
reported in those cases [42,43]. In that aspect, the PDGFRA E699V, a
novel mutation identified in our case, provided the concrete scien-
tific evidence that tyrosine kinase inhibitor can be used in selected
cases.

To summarize, we  present a unique case of ECD that manifested
first in liver and bone marrow with potentially significant muta-
tions in the PDGFRA, PTEN, and HNF1A genes. This case is peculiar

and presents a diagnostic challenge as the clinical presentation is
non-specific and confounded by pre-existing hepatitis C infection.
Awareness of ECD and correlation with clinical presentation is crit-
ical to recognize this rare disease entity. Further studies are needed
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