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SA-CME LEARNING OBJECTIVES

After completing this journal-based SA-CME
activiry, participants will be able to:

m Describe the novel genomic discover-
ies of histiocytosis and their implications
for radiologic interpretation and patient
management.

m Discuss the role of imaging in diagnos-
ing and monitoring histiocytosis in the
new era of precision medicine approach-
es for treatment.

m Recognize the imaging characteristics
of common and uncommon subtypes of
histiocytosis with a focus on adult-onset
cases.

See rsna.org/learning-center-rg.

Histiocytosis describes a group of diseases that have long been
considered enigmatic in the history of medicine. Recently, novel ge-
nomic analyses have identified somatic oncogenic driver mutations
responsible for the pathogenesis of these entities. These discoveries
have led to the recharacterization of histiocytoses as neoplastic dis-
eases and have opened a new era of precision medicine approaches
for treatment. The histiocytic disorders demonstrate a variety of im-
aging manifestations involving multiple organ systems, and radiolo-
gists play a major role in diagnosis and monitoring. An up-to-date
knowledge of the novel genomic discoveries and their implications
is essential for radiologists to understand the new approaches to
treating histiocytic disorders and to contribute as key members of
the multidisciplinary treatment team. This article provides a cut-
ting-edge review of the novel concepts in histiocytosis, with a focus
on recent genomic discoveries and precision medicine approaches
to treating the disease, and describes imaging manifestations with
correlative histologic and genomic findings, with an emphasis on
adult-onset cases and uncommon subtypes.

©RSNA, 2018 - radiographics.rsna.org

Introduction
Histiocytosis describes a group of disorders that result from in-
creased proliferation of cells of macrophage or dendritic cell lineage,
associated with the accumulation and infiltration of macrophages or
dendritic cells in the affected tissues (1). The pathogenesis of histio-
cytosis has been unclear and controversial, with arguments support-
ing both inflammatory and neoplastic causes (2,3). However, the
recent genomic discoveries of somatic oncogenic driver mutations
in several subtypes of histiocytosis have defined a new concept of
the entity as a neoplastic disorder. The knowledge has also led to the
development of targeted molecular therapy for histiocytosis, which
has opened a new era of precision medicine approaches for treating
this enigmatic disease. Imaging continues to play an important role
in the diagnosis and treatment monitoring of histiocytosis, and it is
time for radiologists to revisit the comprehensive picture of histio-
cytosis under the light of novel genomic discoveries. This article
presents an up-to-date review of histiocytosis, emphasizing novel
genomic discoveries and precision therapy approaches, and demon-
strates imaging features of the subgroups of histiocytosis, along with
histologic and genomic findings, focusing on adult-onset cases and
uncommon subtypes. The unmet needs in imaging of histiocytosis
and future directions are also discussed.
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TEACHING POINTS

B The presence of BRAFV600E mutation in LCH was also associ-
ated with a more severe clinical course, resistance to chemo-
therapy, and an increased risk of relapse.

B | CH can be classified into two groups: single-system LCH,
subdivided into single site (eg, one bone lesion) and muiltisite
(eg, multiple bone lesions), and multisystem LCH. In general,
single-system LCH often involves the skin, bones, or lymph
nodes, according to data from pediatric cases, while involve-
ment of uncommon sites can be seen in sporadic cases.
Single-site LCH has a high rate of spontaneous remission and
a favorable prognosis.

B BRAFmutant LCH is more likely to demonstrate multisystem
disease with risk-organ involvement, leading to permanent
and irreversible damage as seen in CNS or pituitary involve-
ment.

B Among single-system disease in adult-onset LCH, the lungs
were the most common site of involvement (51.1%) followed
by bone (38.3%), in contrast to pediatric LCH, which most
frequently affects the skin, bones, or lymph nodes.

B |n a prospective study of 61 patients with ECD who underwent
CT or MRI for abdominal findings, there was a statistically sig-
nificant association between BRAF V60OE mutation and spe-
cific imaging findings, including perinephric infiltration (P =
.003; OR, 7.27); renal sinus and pedicle involvement (P <
.001; OR, 14.86); sheathing or stenosis of the proximal ure-
ters (P<.001; OR, 8.84); hydronephrosis (P <.001; OR, 8.71);
adrenal gland involvement (P < .001; OR, 8.56); periaortic
infiltration (P = .03; OR, 3.96); sheathing or stenosis of the
renal artery (P < .001; OR, 10.1); and sheathing of the celiac,
superior mesenteric, or inferior mesenteric arteries (P = .04;
OR, 4.40).

Overview of Histiocytosis

and Its Classification Systems
Langerhans cell histiocytosis (ILCH) is the most
common type of histiocytic disorder, although it
is rare, with incidence rates of approximately one
in 200000 children and one in 250000 adults
(2). Historically, various terms have been used to
describe LCH on the basis of the specific patterns
of disease: eosinophilic granuloma for histiocytic
infiltration for one or more lytic bone lesions; Hand-
Schiiller-Christian disease for the clinical triad of
bone lesions, exophthalmos, and polyuria result-
ing from diabetes insipidus; or Letterer-Sizwe disease
for a fulminant course of multisystem involvement
including the liver, spleen, skin, bones, and hemato-
poietic cells.

Gradually, the term histiocytosis X emerged,
with the X as an indication of histiocyte-like cells
with an incomplete understanding of the cell of
origin (4). After the discovery of Birbeck gran-
ules in 1973 (5), a cytoplasmic structure associ-
ated with langerin (CD207), histiocytosis X was
thought to arise from epidermal Langerhans cells,
the only cells known to contain Birbeck granules
at that time.

In 1987, the Writing Group of the Histiocyte
Society (6) introduced a classification system of

radiographics.rsna.org

Table 1: Conventional Classification of Histio-
cytosis on the Basis of Cell Type

Cell Type Associated Diseases
Dendritic cell LCH, Erdheim-Chester disease
disorder (ECD), juvenile xanthogranu-
loma

Macrophage  Rosai-Dorfman disease (RDD),
cell disorder  primary hemophagocytic lym-
phohistiocytosis (HLLH)
Malignant his- Histiocytic sarcoma, interdigitating
tiocytosis dendritic cell sarcoma

Table 2: 2016 Histiocyte Society Classification
System of Histiocytic Disorders

L group
LCH, ECD
C group
Cutaneous non—-LCH histiocytoses (xanthogran-
uloma [XG] and non—-XG family)
M group
Primary malignant histiocytoses
Secondary malignant histiocytoses (secondary to
lymphoma, leukemia, or other histiocytoses)
R group
Familial, classic/nodal, extranodal, neoplasia-as-
sociated, and immune disease—associated RDD
Other miscellaneous histiocytoses that do not
belong to groups L, C, M, or H
H group
Primary HLH
Secondary HLH (secondary to infection, malig-
nancy, rheumatologic conditions, and iatro-
genic conditions)

Source.—Reference 1.

histiocytosis on the basis of the putative cell of
origin of the histiocytes, consisting of dendritic
cell disorders, macrophage cell disorders, and
malignant histiocytosis (Table 1). Dendritic cell
disorders include LCH as well as ECD and juve-
nile xanthogranuloma. Macrophage cell disorders
include RDD and HILH. Malignant histiocytosis
includes diseases with much more aggressive
clinical behavior such as histiocytic sarcoma and
interdigitating dendritic cell sarcoma.

In 2016, an updated classification system was
proposed by the Histiocyte Society (Table 2) (1).
There are five different categories on the basis of
histology, phenotype, molecular alterations, and
clinical imaging characteristics, including the
(a) Langerhans group (L. group), which includes
LCH and ECD; (b) cutaneous and mucocuta-
neous histiocytoses (C group), which consists
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Figure 1. LCH with a BRAFV600E mutation in a 54-year-old woman with jaw pain. (a, b) Axial (a) and axial magnified area of inter-
est (b) non-contrast material-enhanced CT images of the mandible show a lytic lesion (arrow) on the right. The results of a biopsy
confirmed CD1a-positive and CD207-positive LCH, and the presence of BRAF V600E mutation was noted in the results of a genomic
analysis. (c) Coronal contrast-enhanced T1-weighted MR image of the pituitary gland shows infundibular thickening (arrow), indicat-
ing pituitary involvement by LCH. The patient also demonstrated signs of diabetes insipidus.

of cutaneous non—LCH histiocytosis, with or
without a major systemic component (eg, xantho-
granuloma and cutaneous RDD); (¢) malignant
histiocytoses (M group), which includes both
primary and secondary types that manifest after
or simultaneously with another hematologic neo-
plasm; (d) RDD and other miscellaneous noncu-
taneous non—-L.CH histiocytoses (R group); and
(e) HLH and macrophage activation syndrome

(H group) (1).

Novel Genomic Discoveries and
Clinical Applications

Over the last several decades, there has been an
ongoing unanswered question among experts
as to whether histiocytosis is an inflammatory
disorder or a neoplastic disease. The question
remained controversial because some cases of
histiocytosis are self-limited with diverse inflam-
matory infiltrates while others involve multiple
organs with a high mortality rate (2,7,8). Ad-
vances in genomic sequencing techniques and the
application of this approach to histiocytosis shed
light on this long-standing debate on the patho-
genesis of the entity.

In 2010, with the use of the OncoMap
platform designed for tumor DNA profiling,
oncogenic BRAF V600E (a missense mutation
in exon 15 with a substitution of valine with
glutamic acid at amino acid 600) 21q point mu-
tations were identified in 35 of 61 LCH samples
(57%) (7) (Fig 1). Soon after, BRAF mutations
in LCH were validated in many other studies
(9-11), with a slightly lower incidence in adults
compared with that in the pediatric population
(38% in adults versus 47% in children) (9-12).
These initial discoveries were followed rapidly
by the identification of additional mutations

in the RAS/RAF pathway, including ARAF

and MAP2 K1 mutations (8,13,14). Moreover,
BRAFV600E point mutations were also noted
in 54% of patients with ECD, which suggested
that the RAS/RAF pathway was dysregulated in
a broader array of histiocytoses (15). Identifica-
tion of oncogenic driver mutations indicated
the neoplastic nature of the disease group and
opened a possibility for novel precision therapy
using RAF pathway inhibitors (16-19).

BRAF Mutation in Cancer
BRAF is a member of the RAF family of serine/
threonine protein kinases. The RAS/RAF/MEK/
ERK signaling pathway acts as a signal trans-
ducer between the extracellular environment
and the nucleus. BRAF is a potent activator of
MEK, leading to the activation of ERK, which
then activates downstream transcription factors
regulating cell proliferation, differentiation, and
survival (20) (Fig 2). More than 40 different
mutations have been identified in BRAF in hu-
man cancer. The predominant mutation in BRAF
is in VOOOE. BRAF mutations are found in 7% of
cancers, most commonly in melanoma, papillary
thyroid cancer, hairy cell leukemia, and colorectal
cancers (21-23).

BRAF mutations are also known to be pres-
ent in subsets of patients with ovarian, breast,
or lung cancers (23-26). On the basis of the
knowledge of oncogenic BRAF mutations, preci-
sion cancer therapy using BRAF inhibitors has
been tested in different types of cancers. Cur-
rently, vemurafenib and dabrafenib are approved
for BRAF-mutant melanoma, and dabrafenib
in combination with trametinib (MEK inhibi-
tor) has been approved for non—small cell lung
cancer with a BRAFV600E mutation.
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BRAF Mutation in LCH

In 2010, after the identification of recurrent BRAF
V600E mutations in LCH cases by Badalian-Very
et al (7), experts in the field revisited the notion
of LCH as a neoplastic rather than inflammatory
proliferation and examined the implications of the
BRAFV600E mutation on the clinical course of
LCH. The presence of BRAFV600E mutation in
LCH was also associated with a more severe clini-
cal course, resistance to chemotherapy, and an in-
creased risk of relapse (2,9,10). Pediatric LCH pa-
tients with BRAF mutation had a lower response
rate to first-line chemotherapy using vinblastine
and steroids than that in patients without BRAF
mutation (78.4% vs 96.7%, respectively). More
patients required second-line chemotherapy and
rescue therapy in the BRAF mutant group than
in the BRAF wild-type group (19.1% vs 3.5%,
respectively) (10). Awareness of these accumu-
lating data are important for radiologists so that
they can be alerted to a higher risk of recurrence
when interpreting imaging surveillance studies for
patients with BRAF mutations.

Other Mutations in LCH

Although the BRAFV600E mutation is the most
common mutation in LCH, the ERK signaling
pathway is activated in pathologic histiocytes of
nearly all patients with LCH, including those with
wild-type BRAF alleles (13), indicating the pres-
ence of other oncogenic mutations in the RAS/
RAF/MEK/ERK pathway in LCH. Further stud-
ies have found that mutation of mitogen-activated
protein kinase 1 (MAP2 K1), also called MEK1,
is the second most commonly mutated gene after
BRAF, which manifests in 25% of LCH cases
(13) (Fig 2). MAP2 K1 mutations have also been
reported in several other cancers, including lung
and colon cancers and melanoma. Mutation in
MAP2 K1 causes constitutive activation of MAP2
K1 kinase, which leads to ERK activation. In
contrast to that for the BRAF mutation, prelimi-
nary data show that the MAP2 K1 mutations show
no increased risk for initial treatment failure (27).
MAP2 K1 mutations and BRAF mutations in
LCH are usually mutually exclusive (2).

Other mutations aside from BRAF, ARAF, and
MAP2 K1 mutations have been reported in LCH
(2), but their clinical and therapeutic implications
are unclear. Further studies are needed to compre-
hensively characterize the genomic background of
LCH. These observations emphasize the impor-
tance of genomic characteristics of the disease to
predict treatment outcome and prognosis.

BRAF and Other Mutations in ECD
Genomic discoveries in ILCH led to efforts to
identify oncogenic mutations in other forms of

radiographics.rsna.org
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Figure 2. lllustration shows a simplified scheme of the BRAF/
MEK/ERK signaling pathway. Extracellular signaling from trans-
membranous tyrosine kinase receptor acts on NRAS, which ac-
tivates BRAF, leading to signaling through MEK and ERK that
regulates transcription factors involved in cell proliferation, sur-
vival, and differentiation. Activating a mutation in BRAF V600OE
results in activation of the MEK/ERK signaling pathway without
extracellular signaling. (Source.—References 19 and 20.)

histiocytosis. The first case of a patient with ECD
harboring a BRAFV600E mutation was reported
in 2012 (28). A subsequent study of 127 patients
with histocytosis by Haroche et al (15) demon-
strated that 13 of 24 patients with ECD had a
BRAFV600E mutation (54%). Subsequent stud-
ies have validated the presence of BRAF V600E
mutations in 50%—-60% patients with ECD. More-
over, other oncogenic mutations were detected in
ECD, including a MAP2 K1 mutation in about
30% of ECD cases and NRAS and KRAS muta-
tions in about 27% of ECD cases (2,15,29).

Precision Medicine Approaches for
Treating Histiocytosis

Molecular Targeting Agents

The discovery of BRAF mutations has induced
a potential paradigm shift in the treatment ap-
proach to histiocytosis, especially for LCH and
ECD, using molecular targeting agents specifi-
cally designed to inhibit the oncogenic driver
mutations. The approach is particularly relevant
for adult-onset cases that have no established
standard therapy and for refractory pediatric
LCH, which has a poor prognosis. The associa-
tion between the presence of a BRAF mutation
and poor response to standard chemotherapy in
LCH further supports the rationale for the use
of BRAF inhibitors in treating LCH. A number
of trials are ongoing to prospectively assess the
efficacy of the use of BRAF targeting agents in
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Table 3: Clinical Trials of BRAF Inhibitors for Histiocytosis

Trial Number

Trial Name

heim Chester Disease

Disease (LOVE)

NCT02649972  Single-agent Cobimetinib for Adults With Histiocytic Disorders
NCTO02281760 Dabrafenib and Trametinib in People With BRAF V600E Mutation Positive Lesions in Erd-

NCT02089724 Long-term Outcome After Vemurafenib/BRAF Inhibitors Interruption in Erdheim-chester
NCTO01524978 A Study of Vemurafenib in Patients With BRAF V600 Mutation-Positive Cancers

NCT02304809 Phase 2 Study Assessing Secured Access to Vemurafenib for Patients With Tumors Harboring
BRAF Genomic Alterations (AcS¢)

Source.—Reference 2.

Table 4: Histiocyte Society Criteria Regarding Histiocytosis Treatment Evaluation

Disease Response
Disease State Description Findings Category
NAD No evidence of disease All signs and symptoms were resolved Better
AD Regressive Signs and symptoms improved, no new lesions Better
AD Stable Signs and symptoms persist, no new lesions Intermediate
AD Mixed Regression in one site, new lesions in another site Intermediate
AD Progressive Progression and/or new lesions Worse

Source.—Reference 34.
Note.—AD = active disease, NAD = nonactive disease.

histiocytic disorders, with cases stratified accord-
ing to their BRAF mutation status (Table 3) (2).

The BRAF inhibitor vemurafenib can have
dramatic efficacy in patients with ECD harbor-
ing the BRAFV600E mutation. Haroche et al
(30,31) reported a dramatic sustained response to
vemurafenib in patients with refractory ECD with
BRAF V600E mutations. More recently, subco-
hort analyses of the vemurafenib basket (VE-BAS-
KET) study demonstrate that for 22 patients with
ECD and 4 patients with LCH, the confirmed
overall response rate with vemurafenib was 61.5%
for the overall cohort and 54.5% in patients with
ECD. All evaluable patients had stable disease or
better (32). These results led to the U.S. Food and
Drug Administration (FDA) approval of vemu-
rafenib use in ECD with BRAFV600E mutation
in November 2017, a landmark achievement in the
targeted therapy of histiocytosis (33).

Treatment Response Evaluations as an
Area of Growing Need

It has been well recognized that imaging plays
a key role in assessing treatment response to
therapy in neoplastic disorders and helps define
the efficacy of novel therapeutic agents (34,35).
The Histiocyte Society Evaluation and Treat-
ment Guidelines describe criteria for response

evaluation to therapy in histiocytosis (Table 4)
(36).The criteria categorize responses into three
groups (better, intermediate, or worse), predomi-
nantly on the basis of qualitative assessment of
signs, symptoms, and disease burden (36). More-
over, recent studies including the VE-BASKET
study used the Response Evaluation Criteria

in Solid Tumors (RECIST) for patients with
LCH and ECD, as it is the standardized criteria
for patients with advanced cancer, and the trial
included patients with advanced malignancy
other than LCH (32). However, histiocytosis

has unique multisystem involvement with a wide
spectrum of disease manifestations, including os-
seous lesions and interstitial lung disease, which
may not be adequately evaluated by RECIST
guidelines that are designed to evaluate solid
metastatic lesions of advanced cancers.

Given the emerging precision medicine ap-
proaches with novel targeted agents for histiocyto-
sis, further efforts are needed to standardize and
optimize treatment response criteria specifically
designed for histiocytosis to meet the new demands.

Updated Radiologic Views of
Histiocytosis: LCH
In light of the recent advances in understanding the
genomic basis of histiocytosis and its applications
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Figures 3, 4. (3) Histologic features of LCH. (3a) High-power photomicrograph shows sheets of mononuclear cells, with
abundant pale cytoplasm admixed with numerous eosinophils (arrows). (Hematoxylin-eosin [H-E] stain; original magnifica-
tion, X400). (3b) High-power photomicrograph shows strong and diffuse expression of CD1a, noted as brown staining, most
prominently seen in the areas marked by #, (Immunohistochemical stain; original magnification, X400). (3c) High-power
photomicrograph shows strong staining for CD207, noted as dark brown staining (arrows). (Immunohistochemical stain;
original magnification, X400). (4) Histologic features of LCH. High-power photomicrograph shows the characteristic cytologic
features, including fine chromatin with irregular and folded nuclei (arrows). (H-E stain; original magnification, X600).

for treatment strategies, this section will present an
updated radiologic view of the entity in associa-
tion with genomic characteristics of the disease,
with a particular focus on adult-onset cases of
LCH. Uncommon subtypes of histiocytosis will
be discussed in a later section.

LCH is the most common histiocytic dis-
order, characterized by the accumulation and
proliferation of abnormal bone marrow—derived
Langerhans-like cells. It occurs in one in 200000
children, most commonly between ages 1 and 3
years. However, it can affect any age group from
infancy through adulthood (2,37). Histologically,
there are abundant CD1a-positive and CD207-
positive histiocytes, often admixed with numer-
ous eosinophils (Figs 3, 4).

Identification of Birbeck granules at ultra-
structural examination led to the original as-
sumption that LLCH is derived from Langerhans
cells in the skin and lymph nodes. However,
further evidence favors that LCH originates

from bone marrow—derived myeloid dendritic
cells (16,37).

Organ System Involvement in LCH
LCH can be classified into two groups: single-
system LLCH, subdivided into single site (eg, one
bone lesion) and multisite (eg, multiple bone
lesions), and multisystem LCH (38). In general,
single-system LLCH often involves the skin, bones,
or lymph nodes (Figs 5, 6), according to data from
pediatric cases, while involvement of uncommon
sites can be seen in sporadic cases (Fig 7) (39-44).
Single-site LCH has a high rate of spontaneous
remission and a favorable prognosis (37).
Single-site LCH often responds well to local
therapy, including surgical resection and curettage,
intralesional steroid injection, or radiation therapy
(37). However, vertebral and craniofacial bone
lesions with soft-tissue extension need special
attention as these lesions may cause direct inva-
sion or mass effect to the central nervous system
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Figures 5, 6. (5) Single-site LCH in the bone in a 34-year-old female with a palpable lesion on the scalp. Axial
CT image of the head shows a focal lytic lesion (arrow) with cortical breakthrough in the left frontal bone. The
results of histologic examination confirmed LCH. (6) Single-site LCH in an 18-year-old man with facial pain and
swelling. Axial contrast-enhanced T1-weighted MR image shows an irregular enhancing mass (arrow) involving

the left zygomatic arch.

Figure 7. Single-site LCH with a bladder mass in a
59-year-old man with gross hematuria. Coronal con-
trast-enhanced CT image of the abdomen shows a
bladder mass (arrow) arising from the upper wall of the
bladder. The results of a biopsy confirmed CD1a-posi-
tive and CD207-positive LCH.

(CNS) or spinal cord, leading to neurologic symp-
toms or cord compression (Fig 8). Awareness of
the involvement of these special sites is important
when interpreting the imaging studies of patients
with LCH. Single-system multisite LCH may be
treated with localized treatment (eg, topical ste-
roids for multisite skin involvement), but systemic
therapy is sometimes needed.

Multisystem LLCH involves two or more organs
or systems. The clinical course of multisystem

LCH can be unpredictable, with a small subset
of cases characterized by rapid deterioration and
lethal outcome or long-term disease leading to
high morbidity (37). Involvement of a risk organ,
which includes the liver, spleen, and bone marrow,
is an important prognosticator for multisystem
LCH because it is associated with a less favorable
prognosis, with mortality up to 20% on the basis
of the data on pediatric cases (36) (Fig 9).

Of note, in cases of dysfunction of the liver
(indicated by hepatomegaly, hypoproteinemia,
and hypoalbuminemia), splenomegaly, or he-
matopoietic involvement (including cytopenia
as an indicator of poor prognosis), risk-adapted
therapy with front-line treatment intensification
are needed to improve outcome (37,45). Imaging
plays an important role in detecting risk-organ
involvement in cases of multisystem LCH.

BRAF-mutant LCH is more likely to dem-
onstrate multisystem disease with risk-organ
involvement, leading to permanent and irrevers-
ible damage as seen in CNS or pituitary involve-
ment (Fig 10) (2,10). In a French cohort study
of 315 pediatric LCH cases, BRAF mutation was
noted in 87.8% of multisystem LLCH cases with
risk-organ involvement, in 68.6% of multisystem
LCH cases without risk-organ involvement, and in
43.9% of single-system LLCH cases without risk-
organ involvement (10).

Compared with that of wild-type BRAF,
BRAF V600E mutation was independently as-
sociated with risk-organ involvement (odds ratio
[OR], 6.35) and with skin involvement (OR,
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Figure 8. CNS risk lesion in a 40-year-old woman
with LCH with right supraorbital pain. Axial contrast-
enhanced CT image obtained at the level of the orbits
shows an expansile peripheral enhancing lesion (arrow)
in the right frontal sinus, eroding the inner and outer
tables, with extensive inflammatory changes in the pre-
septal and periorbital tissues and extension into the epi-
dural space, representing a CNS risk lesion. The results
of a biopsy confirmed LCH positive for S-100, CD68,

CD1a, CD207, and BRAF mutation.

radiographics.rsna.org

a.

Figure 9. Multisystem LCH with risk-organ involvement in a 29-year-old woman with fatigue, night sweats, and right upper quad-
rant pain. (a) Axial CT image of the upper abdomen shows focal liver lesions (arrow), a finding consistent with LCH with risk-organ
involvement, which was confirmed at histologic examination. (b) Coronal CT image of the lungs shows nodules with irregular walls
and cavitation (arrows), with centrilobular distribution and upper and middle lung predominance sparing the costophrenic angle,
which are characteristic findings of pulmonary involvement of LCH. The patient also underwent lung wedge biopsy, the results of

which confirmed LCH in the lung.

3.65) (10).With the cutting-edge knowledge
of the emerging association between genomic
abnormalities and the pattern of organ involve-
ment in LCH, the radiologist may contribute to
determining the precision medicine approach
for treating the disease by raising the possibility
of underlying BRAF mutation when risk-organ
involvement is detected at imaging.

Patterns of disease involvement and imag-
ing manifestations of LCH have been previously
described in the radiology literature. However,
most reports are based on findings in pediatric
cases (46—48). Although adult-onset LCH ac-
counts for one-third of total LCH cases (one per
560000 adults), it remains an orphan disease,
with few specialists dedicated to the entity. In ad-
dition, there have been few reports on its disease

patterns at imaging (49) (Table 5). To this end,
the International Histiocyte Society Registry was
developed, consisting of 274 adult-onset LCH
cases confirmed by the results of biopsies from
13 countries, which were analyzed to assist the
clinical management of patients aged 18 years or
older (49). The mean age of onset and diagnosis
is 33 years, and of all patients, 31.4% had disease
in a single system while 68.6% had multisystem
disease. Among single-system disease in adult-
onset LCH, the lungs were the most common
site of involvement (51.1%) followed by bone
(38.3%), in contrast to pediatric LCH, which
most frequently affects the skin, bones, or lymph
nodes. Multisystem disease commonly involves
bone (66.0%), the lungs (61.7%), and skin
(50.5%) in adults (49). Diabetes insipidus was
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Figure 10. Multisystem LCH with BRAF mutation with brain and lung involvement in a 40-year-old
woman who was a smoker and had progressive shortness of breath, headache, ataxia, and blurry vi-
sion. (a) Coronal chest CT image shows cysts (arrows) with irregular shape, size, and nodularity, pre-
dominantly in the upper lungs, representing pulmonary LCH. The results of a biopsy confirmed LCH.
(b, c) Axial T2-weighted (b) and contrast-enhanced T1-weighted (c) MR images of the brain (obtained
at the time the CNS symptoms manifested) show bilateral symmetric T2 prolongation involving the
cerebellum (arrows in b), with patchy areas of enhancement (arrows in c), findings indicative of neuro-
degenerative involvement of LCH. BRAF V600E mutation was confirmed by the results of a brain biopsy.

noted in 43.1% of patients with multisystem
disease (Fig 11).

The 5-year survival rate from the time of diag-
nosis was 92.3% for the overall population, 100%
for patients with single-system disease without lung
involvement, 87.8% for patients with isolated lung
involvement, and 91.7% for patients with multi-
system disease, indicating the highest mortality for
those with isolated lung involvement in adult-onset
LCH, which is in contrast to that of pediatric LCH
cases where risk-organ involvement is a strong
prognostic indicator (49). Isolated pulmonary
LCH had the strongest association with smoking
history, with 77% of the group being current or

former smokers, compared to 53% in multisystem
LCH with lung involvement and 30% in those
without lung involvement (49).

Pulmonary LCH

Imaging manifestations of pulmonary LCH
include a combination of cysts and nodules with
centrilobular distribution and upper and middle
lung predominance, classically sparing the cos-
tophrenic angle (50). Initial manifestation with
pneumothorax is reported in 15% of patients
with LCH, and pneumothorax can be recurrent
(51). High-resolution CT findings are help-

ful in the diagnosis of LCH. In the early stage,
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Table 5: Imaging Manifestations of LCH in Differ-
ent Organ Systems

CNS
Infundibular and pituitary enlargement, partially or
completely empty sella, and hypothalamic involve-
ment in the hypothalamic-pituitary axis
Symmetric T2 hyperintensity of the cerebellar white
matter with “butterfly wings” appearance, T'1
hyperintensity of the dentate nucleus, and T2-hyper-
intense areas of the pontine tegmentum in neurode-
generative LCH in the infratentorial region
Bilateral nonenhancing T2-hyperintense lesions in
the cerebral white matter, and discrete symmetric
T1 hyperintensity in neurodegenerative LCH in the
supratentorial region
Meninges, pineal gland, choroidal lexus, or ependyma
involvement in extra-axial sites
Lung
Nodules of varying sizes (1-10 mm) with indistinct
margins in a peribronchovascular distribution
Pneumothorax
Round, confluent, or “bizarre” cysts, with varying wall
thickness
Fibrosis with honeycombing and emphysema in upper
lobes
Bone
Lytic lesions in the skull, femur, mandible, and pelvis
without marginal sclerosis or periosteal reaction
(“punched-out” appearance)
Vertebral plana
Accompanying soft-tissue mass
Surrounding bone marrow edema, periosteal reaction,
endosteal scalloping, and soft-tissue edema at MRI
Liver
Hepatomegaly and periportal edema in the early stage

Liver cirrhosis and sclerosing cholangitis in the late stage

Figure 11. Multisystem LCH with bone and
pituitary involvement in a 37-year-old woman
with diabetes insipidus who presented with
right temporal headache. (a) Axial contrast-

nodules of varying sizes with indistinct margins
(1-10 mm), mainly in a peribronchovascular
distribution, are visualized. Some nodules may
demonstrate cavitation.

In the later stage, round, confluent, or bizarre
cysts are commonly seen, and the thickness of
the cyst walls varies from hairline thin to several
millimeters. The size of the cysts varies and they
often are 1 cm or less. However, they can be 2-3
cm or larger (Fig 12). In advanced disease, lung
parenchyma can be replaced with fibrous tissue
with honeycombing and emphysema, predomi-
nantly in the upper lobes (50,52-54).

CNS Manifestations of LCH

CNS manifestations of LCH include granuloma-
tous lesions in the extra-axial regions (eg, pituitary
gland and meninges) or in the intra-axial paren-
chymal regions and neurodegenerative LCH.

enhanced T1-weighted MR image of the brain
shows a right frontal bone lesion (arrow) with
peripheral enhancement. (b) Coronal contrast-
enhanced T1-weighted MR image of the brain
shows nodular enhancement and thickening of
the infundibulum (arrow).

Pituitary-hypothalamic involvement of LCH is the
most common form, reported in 84% of patients
with LCH with CNS involvement (55), and is
more frequent in multisystem LCH. Diabetes
insipidus can be the first clinical sign of LCH,
especially in adult patients. In a study of 17 adult
patients with multisystem LLCH, 14 patients (82%)
had an abnormality in the hypothalamic-pituitary
axis at MRI (56). Infundibular enlargement was
the most common finding, seen in eight patients
(47%), followed by pituitary enlargement that
manifested in six patients (35%). These findings
were always associated with diabetes insipidus.
Other findings included a partially or com-
pletely empty sella in four patients (24%) and
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Figure 12. Pulmonary LCH in a 59-year-old woman with
spontaneous pneumothorax who was a former smoker. Axial
CT image of the chest shows irregular-shaped cysts with thick
walls (arrows) in both upper lobes, complicated with a right
pneumothorax (x). The results of a biopsy confirmed pulmo-
nary LCH.

hypothalamic involvement in three patients
(18%) (56). Less frequently, LCH can involve
the meninges, pineal gland, choroidal plexus, or
ependyma among the extra-axial regions (55).
Parenchymal involvement was reported in 44%
of patients in one study (72 of 163 patients) and
usually accompanies extra-axial lesions (55).

Neurodegenerative LCH is a rare progressive
syndrome of neurodegeneration as a consequence
of LCH, reported in 1%-5% of cases. One study
of 13 patients with neurodegenerative LCH
reported that 92% of patients demonstrated areas
of abnormal signal intensity in the posterior fossa
at MRI, including a symmetric T2 hyperintensity
of the cerebellar white matter, T'1 hyperintensity
of the dentate nucleus, or T2-hyperintense areas
of the pontine tegmentum. Symmetric T2 hyper-
intensity of the cerebellar white matter displays a
“butterfly wings” appearance on coronal images
(57). Supratentorial manifestations of neurode-
generative LCH include bilateral nonenhancing
T2-hyperintense lesions in the cerebral white
matter and a discrete symmetric T'1 hyperinten-
sity in the globus pallidus (57).

Osseous Involvement in LCH

Bone is commonly involved in LCH, and the
lesions are often noted in the skull, femur, man-
dible, and pelvis (58).The osseous involvement

is noted as lytic lesions, characteristically appear-
ing as punched-out lesions in the skull, without
marginal sclerosis or periosteal reaction. Osseous
lesions may be accompanied by a soft-tissue mass
for which radiologic evaluation of the extent of soft
tissue and invasion to the adjacent structures is
needed, especially in cases involving the temporal
bones or orbital walls. Involvement of vertebral
bodies may be noted as a vertebra plana (59).
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Osseous involvement of LCH has aggressive
features at MRI, demonstrating surrounding bone
marrow edema, periosteal reaction, endosteal
scalloping, and soft-tissue edema, which mimic
findings of malignancy or infection (60). Although
the results of a biopsy are often necessary to dif-
ferentiate malignancy from LLCH involvement ow-
ing to aggressive MRI features, it is important for
radiologists to be aware of LCH as a differential
diagnosis, which may help guide interpretation of
the pathologic examination results.

The role of fluorine 18 fluorodeoxyglucose
(FDG) PET in detecting osseous lesions in LCH
has been studied in comparison with that of other
imaging modalities, including CT, MRI, bone scin-
tigraphy, and radiography, in 44 patients with LCH
(41 children, 3 adults) (61). FDG PET images
were superior in 90 of 256 (35%) lesions for de-
tecting new sites or monitoring response to therapy
on the basis of changes in FDG uptake before
changes were noted at imaging with other modali-
ties (61), indicating an important role of PET/CT
in detecting and monitoring lesions in patients with
LCH in the current clinical setting.

Liver and Lymph Node Involvement in LCH
LCH involvement of the liver is more frequent in
multisystem LLCH. The manifestation of liver in-
volvement ranges from hepatomegaly and peripor-
tal edema, suggesting early liver injury, to cirrhosis
and sclerosing cholangitis, suggesting late-stage
injury. According to a retrospective study of 27
pediatric patients with LCH, 51.9% of patients
had liver involvement (14 of 27 patients), and
most of these had disseminated disease (62). LCH
involving the lymph nodes usually occurs as a part
of systemic disease involvement. The cervical node
is the most common site of involvement (46,63).

Uncommon Subtypes of Histocytosis

Erdheim-Chester Disease

ECD is one of the systemic histiocytoses that has
been most recently classified into the L group of
histiocytic disorders (1). The first two cases of
ECD were reported by Jakob Erdheim and Wil-
liam Chester in 1930 (64). Histologically, ECD
is characterized by the presence of lipid-laden
histiocytes (foamy histiocytes) with surrounding
fibrosis. ECD can be distinguished from LCH on
the basis of clinical presentation, immunopheno-
type, and histopathologic characteristics. ECD

is CD68 positive, CD163 positive, and CD1a
negative, while LCH is CD1la and CD207 posi-
tive (Fig 13). ECD most commonly occurs in the
middle-aged population during the 6th decade of
life and is more prevalent in men than in women
by a factor of 3:1 (2).
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Figure 13. Histologic features of ECD. (a) High-power photomicrograph shows sheets of foamy histiocytes filling the mar-
row space between the bony trabecula (). (H-E stain; original magnification, X400). (b) Medium-power photomicrograph
shows strong and diffuse membranous staining for CD163, noted in most of the cells shown in the field as brown staining

(%). (Immunohistochemical stain; original magnification, X200).

Radiologic manifestations of ECD are largely
dependent on the site of organ system involve-
ment (Table 6). Skeletal involvement affecting the
long bones is the most common manifestation of
ECD, manifesting in up to 95% of patients (65).
Lower extremity involvement is more common,
and bilateral symmetric cortical osteosclerosis
of the diaphyseal and metaphyseal regions with
epiphyseal sparing is the typical radiographic ap-
pearance and is virtually pathognomonic for ECD
(66). MRI can help in the evaluation of disease
extent and detection of associated osteonecrosis.
Involved bone demonstrates diffuse T'1-hypoin-
tense marrow signal with enhancement with
sequences obtained after the administration of
contrast material (postcontrast) (67). Extraosse-
ous sites include the sinuses, large vessels, retro-
peritoneum, heart (particularly the pericardium
and right atrium), lungs, CNS, skin, pituitary
glands, and orbits.

CNS involvement occurs in approximately 50%
of patients with ECD, affecting the hypothalamus
and pituitary gland, brain parenchyma, orbits,
or meninges (68) (Figs 14, 15). Diabetes insipi-
dus and ataxia syndromes are common clinical
manifestations of CNS disease. Hypothalamus and
pituitary gland involvement manifests as infun-
dibular enlargement or enhancement of the stalk
without morphologic change and T2-weighted
and/or fluid-attenuated inversion-recovery
(FLAIR) hyperintensity in the hypothalamus. In-
fratentorial intra-axial involvement is more com-
mon than supratentorial involvement. The pons
and cerebellum can be affected, showing patchy T2
and/or FLAIR hyperintensity with nodular or dif-
fuse enhancement. Extra-axial involvement is rare
but may manifest as a T'1- and T2-isointense large
meningeal mass with marked enhancement (68).

Table 6: Imaging Manifestations of ECD in
Different Organ Systems

CNS
Infundibular enlargement, enhancement of
the pituitary stalk, and T2-weighted area of
hyperintensity in the hypothalamus in the
hypothalamic-pituitary axis
Patchy T2-weighted area of hyperintensity with
nodular or diffuse enhancement in the pons
and cerebellum and a retro-orbital mass
T1- and T2-weighted isointense meningeal mass
with marked enhancement
Cardiovascular

Pericardial or myocardial soft-tissue infiltration
Soft tissue around the coronary arteries
Mediastinal soft-tissue extension to the periaor-
tic region
Lung
Smooth symmetrical interlobular septal thicken-
ing without zonal predominance
Centrilobular nodules
Focal ground-glass opacities and consolidation
Renal
Perirenal infiltration (“hairy kidney” appearance)
Bone
Bilateral symmetric cortical osteosclerosis of
diaphyseal and metaphyseal lesions with
epiphyseal sparing
Diffuse T'1-weighted hypointense signal with
contrast enhancement at MRI

Orbital involvement is rare but has a poor
prognosis with progressive loss of vision. It
typically manifests as exophthalmos owing to a
retro-orbital mass, which is hypointense on both
T1- and T2-weighted images (69). In a recent
retrospective study of 32 patients with ECD who



RadioGraphics

RG ¢ Volume 39 Number 1

Park etal 107

Figure 14. ECD of the clivus in a 57-year-old man with chronic headache. T1-weighted (a) and T2-
weighted (b) MR images of the brain show a clival mass (arrow). Histologic examination confirmed ECD
with CD68-positive and CD163-positive foamy histiocytes. The patient also has mucosal thickening in the
left sphenoid sinus (arrowhead in b).

Figure 15. Cerebellar ECD in a 50-year-old man with progressively worsening headache. Axial T2-
weighted (a) and contrast-enhanced T1-weighted (b) MR images of the brain show a T2-hypointense
lobulated mass (arrow in a) in the cerebellum with enhancement (arrow in b). The results of a brain
biopsy predominantly showed sheets of foamy histiocytes, positive for CD68 and CD163, findings as-

sociated with ECD.

underwent FDG PET/CT, the presence of BRAF
V600E mutation was associated with FDG-avid
CNS disease (P =.0357), higher maximum stan-
dardized uptake values (P = .0044), and greater
mortality (P =.0215) (70).The presence of CNS
disease had 88% specificity and 92% positive pre-
dictive value for predicting the presence of BRAF
mutation, indicating the utility of imaging studies
to guide patient management (70).

Cardiovascular involvement in ECD is often
underdiagnosed; however, it occurs in 75% of
patients (65,71). Pericardial involvement is the
most frequent cardiac manifestation, which may
result in cardiac tamponade (71,72). Soft-tissue
extension around the coronary arteries is com-
monly accompanied by pericardial or myocar-
dial involvement. Mediastinal involvement may
demonstrate diffuse mediastinal fat or soft-tissue
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Figure 16. Pulmonary involvement
of ECD in a 58-year-old man with
weight loss and anemia. Axial CT
image of the chest shows multifo-
cal ground-glass opacities (arrows)
in both lungs. The results of a biopsy
of the left upper lobe confirmed ECD
with CD68-positive and CD1A-nega-
tive histiocytes infiltrating the lung.

radiographics.rsna.org
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Figure 17. Perinephric ECD in a 45-year-old man with fatigue, arthralgias, and anemia. Coronal con-
trast-enhanced CT images of the abdomen show bilateral perinephric (arrows in a) and periaortic (arrows
in b) soft tissue, characteristic findings of ECD, which were histologically confirmed to be ECD and posi-

tive for CD68 and CD163.

extension to the periaortic region (73). Lung
involvement is seen in 15%-36% of cases and

is noted as an interstitial lung disease, showing
smooth symmetrical interlobular septal thicken-
ing that can be seen without zonal predominance
(65) (Fig 16). Less commonly, centrilobular nod-
ules or focal ground-glass opacities and consoli-
dations can be seen (73).

Perirenal soft tissue with a “hairy kidney”
appearance can be commonly seen in cases of
retroperitoneal involvement, often associated with
perivascular infiltration of the abdominal aorta
(65) (Fig 17). Renal and vascular structures are
the most commonly affected abdominal organs,
and perirenal infiltration is the most prevalent
finding, noted in 67% of patients at CT and MRI
(74). Recent studies have investigated the associa-
tion between the imaging findings and the pres-
ence of BRAFV600E mutation. In a prospective
study of 61 patients with ECD who underwent
CT or MRI for abdominal findings, there was a
statistically significant association between BRAF
V600E mutation and specific imaging findings,
including perinephric infiltration (P = .003; OR,
7.27); renal sinus and pedicle involvement (P <
.001; OR, 14.86); sheathing or stenosis of the prox-

imal ureters (P < .001; OR, 8.84); hydronephrosis
(P<.001; OR, 8.71); adrenal gland involvement
(P <.001; OR, 8.56); periaortic infiltration (P =
.03; OR, 3.96); sheathing or stenosis of the renal
artery (P <.001; OR, 10.1); and sheathing of the
celiac, superior mesenteric, or inferior mesenteric
arteries (P = .04; OR, 4.40) (74).

A gradient likelihood of a patient harboring
BRAFYV600E was also generated on the basis of
the number of imaging findings, where none of
the patients had BRAFV600E mutation in the
absence of the imaging findings associated with
the mutation, whereas the likelihood of the patient
having BRAFV600E mutation was 81.3% when
seven or eight imaging findings manifest (74).

Treatment with interferon a (IFN-a) has
traditionally been the first-line therapy for ECD.
However, long-term IFN-a treatment can lead to
severe adverse effects, and patients with CNS and/
or cardiovascular involvement may develop second-
ary resistance to high doses of IFN-a. Other agents
such as anakinra, cladribine, tyrosine kinase inhibi-
tors, and infliximab have been proposed as second-
line treatments (29). On the basis of the high
incidence of BRAF mutation in patients with ECD,
accounting for up to 60% of cases, the BRAF
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Figure 18. RDD in the cervical nodes in a
23-year-old man. Axial contrast-enhanced CT
image of the neck shows bilateral cervical lymph-
adenopathy (arrows). The results of histologic
examination confirmed prominent sinusoidal in-
volvement by numerous large histiocytes, a find-
ing consistent with RDD.

inhibitor vemurafenib has been tested in patients
with ECD and showed significant efficacy, leading
to the recent FDA approval of the agent (32).

Rosai-Dorfman Disease
RDD is a rare histiocytic disorder first described
in 1965 by French pathologist Paul Destombes,
who reported four children and young adults with
lymphadenopathy and sinus histiocytosis (75).
The disease was further characterized in 1969 as
a distinct histiocytic disorder in patients with mas-
sive lymph node enlargement by two pathologists,
Juan Rosai and Ronald Dorfman (Fig 18) (76).
RDD is histologically characterized by the
accumulation of CD68-positive, S100-positive,
CD1a-negative histiocytic cells, predominantly
affecting the nodal sinuses of lymph nodes (Fig
19). Emperipolesis, the presence of intact cells
(typically leukocytes within the histiocyte), is
common but not required to make the diagnosis.
Numerous plasma cells can be present in the le-
sions (2). RDD most commonly affects children
but can also occur in adults and is more com-
mon in men and those of African descent.
There is no clear viral trigger, although this has
long been a postulated mechanism of pathogen-
esis, but RDD can occur in the context of malig-
nancies (particularly lymphoma) or rheumatologic
illnesses (1,77,78). RDD may occur concurrently
with Hodgkin and non-Hodgkin lymphoma or
with other histiocytic disorders, and this is clas-
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sified as neoplasia-associated RDD (1,79). It is
often self-limited with a good prognosis. However,
it can be lethal in 5%—-11% of patients (2,80).
Although nodal involvement is most common,
extranodal RDD is noted in 43% of cases (81)
where imaging contributes to the detection and
monitoring of the sites of involvement. Skin, soft
tissue, the nasal cavity, bone, and retro-orbital tis-
sue are the most common sites of extranodal dis-
ease involvement (Figs 20, 21). Osseous disease
often manifests with lytic lesions (Fig 22). CNS
lesions are extremely rare and may mimic me-
ningiomas (80,82). Abdominal and pelvic organ
involvement is also very uncommon. However,
cases of RDD with hepatic, splenic, pancreatic,
or presacral masses have been reported (83).
The presence of BRAFV600E mutations was
tested in tissue samples of RDD in two studies,
including a study of 47 cases by the French Histio-
cytosis Study Group and a study of four patients
with whole exon sequencing (13,84). However,
no somatic BRAFV600E mutations were found.
A few case reports have described the presence
of KRAS mutation in patients with RDD, includ-
ing a case with a substantial response to the use
of the MEK inhibitor cobimetinib (85). Although
further evidence is needed to establish genomic
characteristics of the disease, these reports are
encouraging enough to support the initial step for
precision medicine approaches for this extremely
rare disease (2,84,86).

Hemophagocytic Lymphohistiocytosis
HLH is a rare disorder of intense immune acti-
vation leading to hemophagocytosis within the
marrow, uncontrolled activation of T cells and
macrophages, and overproduction of inflamma-
tory cytokines (1,87,88). HLH is categorized
into primary HLH (with known Mendelian
inheritance), an inherited immune disorder
that generally occurs in infants, and secondary
HLH, which is thought to be reactive to under-
lying conditions such as infection, malignancies,
or prolonged immunosuppression; however,
distinction of the two subtypes is becoming
increasingly difficult (1,88). The bone marrow,
lymph nodes, spleen, liver, and CNS are the
commonly involved organ systems. Clinically,
patients present with fever, neurologic symp-
toms, and skin rash and with findings of hepa-
tomegaly, splenomegaly, and lymphadenopathy
(1,88). Treatment includes chemotherapy using
etoposide or teniposide, dexamethasone, and
cyclosporine, while primary HLH and selected
cases of secondary HLH require bone marrow
transplantation (88).

Although recognized as an often fatal disease,
the survival rate is improving, and the 3-year
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Figure 19. Histologic characteristics of RDD. (a) High-
power photomicrograph shows scattered large distinctive
histiocytes with voluminous pale cytoplasm and round nu-
clei (arrows), admixed with inflammatory cells, including
lymphocytes and plasma cells. (H-E stain; original magni-
fication, X400.) (b) High-power photomicrograph shows
sheets of distinctive histiocytes, several of which contain
inflammatory cells within the abundant cytoplasm. (H-E
stain; original magnification, <400.) Arrow = emperipolesis.
(c) High-power photomicrograph shows strong staining for
S100 protein in the lesional cells. This stain also highlights
emperipolesis (arrow). (Immunohistochemical stain; original
magnification, X400.)
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survival is 55% in patients with primary HLH
with bone marrow transplant and above 60% for
those with reactive HLH (88,89). Surviving pa-
tients with HLH may experience developmental
delay in the setting of radiographic or serologic
evidence of CNS involvement (88).

The literature on the imaging findings of
HLH is very limited given the rarity of the
disease. In a retrospective study of 25 patients
with HLH over an 11-year period from a single
institution, nonspecific findings in the CNS,
chest, and abdomen were noted that overlap
with infectious, inflammatory, and neoplastic
disorders (88). Alveolar-interstitial opacities
with pleural effusions were common on chest ra-
diographs, often with rapid evolution and reso-
lution. Common abdominal findings included
hepatosplenomegaly, gallbladder wall thicken-
ing, hyperechoic kidneys, and ascites. CNS find-
ings included nonspecific periventricular white
matter abnormalities, brain atrophy, and en-
largement of extra-axial fluid spaces that may be
progressive. In infants, some cases manifest with
findings that mimic nonaccidental trauma, with
intracranial hemorrhage and multiple pathologic
fractures or periosteal reactions (88).

Figure 20. RDD with subcutaneous tissue involvement in a
24-year-old man with a history of lymphoma. Axial contrast-
enhanced CT image of the lower abdomen shows significant
stranding of the subcutaneous soft tissue (x). The results of a
biopsy confirmed RDD.

Histiocytic Sarcoma

Histiocytic sarcoma is an extremely rare and
aggressive subtype of histiocytosis, categorized
in the group of malignant histiocytoses, or M
group (1). It is histologically characterized by
sheets of large epithelioid cells with marked
nuclear atypia and abundant pale eosinophilic
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Figure 21. RDD in a 64-year-old woman with a growing lung
nodule and a subcutaneous nodule in the left thigh at presen-
tation. (a) Axial CT image of the chest at the lung bases shows
an oval nodule (arrow) with a slightly irregular margin in the
left lower lobe. (b) Axial CT image of the upper thigh shows a
subcutaneous nodule (arrow). Biopsy results for the lesions in a
and b confirmed S100-positive RDD.

Figure 22. Osseous involvement of RDD in a 46-year-old man
with back pain. Axial CT image (bone window) of the pelvis
shows a lytic lesion (arrow) in the right ilium. The results of a
biopsy confirmed RDD with CD68 and S100 positivity.

cytoplasm. Immunohistochemical markers,
including CD163 and CD68, can be helpful for
diagnosis (Fig 23). Primary sites of involvement
are lymph nodes, skin, and the gastrointestinal
tract (Fig 24). Imaging findings are nonspecific
and variable depending on the site of involve-
ment (Fig 25). Histiocytic sarcoma can occur in
association with lymphoma, leukemia, or germ
cell tumors.

Interdigitating Dendritic Cell Sarcoma
Interdigitating dendritic cell sarcoma is an ex-
tremely rare disease, with only 100 cases re-
ported in the English literature (90). Clinically, it
manifests as a painless mass in middle-aged men,
with a male to female ratio of 3:2. Interdigitat-
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Figure 23. Histologic and immunohistochemical features of
histiocytic sarcoma. (a) High-power photomicrograph shows
sheets of variably spindled epithelioid cells, with abundant
palely eosinophilic cytoplasm and marked nuclear atypia.
(H-E stain; original magnification, X400.) Note the scattered
mitotic figures (arrows). (b) High-power photomicrograph
shows markedly atypical pleomorphic cells admixed with lym-
phocytes. (H-E stain; original magnification, X400.) Note the
multinucleated forms (arrows).

ing dendritic cell sarcoma mainly involves the
lymph nodes, but extranodal involvement has
been reported in one-third of cases, including in
the lungs, skin, breast, bone, liver, spleen, and
small intestine (90). Imaging manifestations vary
depending on the disease site (Fig 26).

Conclusion
Histiocytosis demonstrates a variety of imaging
manifestations involving multiple organ systems,
and radiologists play a major role in its diagnosis
and monitoring. Up-to-date knowledge of the
novel genomic discoveries and their implica-
tions is essential for radiologists to understand
the new approaches to treating histiocytosis
and to contribute as key members of the mul-
tidisciplinary team. As the precision medicine
approaches to treating histiocytosis further ad-
vance and become widely available, there is an
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Figure 24. Histiocytic sarcoma in the cervical lymph
nodes in a 20-year-old man who presented with a neck
lump. Axial contrast-enhanced CT image of the neck shows
enlarged cervical lymph nodes (arrows) on the right. The
results of a biopsy confirmed histiocytic sarcoma, which
was CD163 and CD68 positive. The patient underwent
chemotherapy but had a recurrence within a year, with
widespread metastasis.

b.

increasing need for improved imaging methods,
especially in the area of treatment response
evaluation and monitoring, where the radiologist
can make substantial contributions.

Figure 25. Histiocytic sarcoma in the lung and adrenal
gland in a 54-year-old man with abdominal discomfort.
(a) Axial nonenhanced CT image of the chest shows a well-
demarcated mass (arrow) in the left upper lobe. (b) Axial
nonenhanced CT image of the abdomen shows a mass (ar-
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