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Juvenile xanthogranulomas (JXG) is a histiocytic disorder, pri-
marily but not exclusively seen throughout the first two de-
cades of life and principally as a solitary cutaneous lesion. This
study is a retrospective clinical and pathologic review of 174
cases documenting the cutaneous and extracutaneous manifes-
tations in patients presenting from the neonatal period to 20
years of age (mean 3.3 years; median 1 year). There was a male
predominance (99 male:75 female) in all categories of clinical
presentation, but especially notable in the group with multiple
cutaneous lesions (12 male:1 female). A solitary cutaneous
lesion accounted for 67% of all cases, followed by a solitary
subcutaneous or deep soft tissue mass (28 cases, 16%), multiple
cutaneous lesions (13 cases, 7%), a solitary extracutaneous,
nonsoft tissue lesion (9 cases, 5%), and multiple cutaneous and
visceral–systemic lesions (8 cases, 5%). The recorded deaths
due to disease included two neonates with systemic JXG who
developed hepatic failure and thrombocytopenia and at autopsy
had giant cell-neonatal hepatitis in addition to JXG in the liver
and other visceral sites. A third death in a 3-month-old boy with
a retroperitoneal–pelvic JXG occurred after failure to control
severe hypercalcemia. The characteristic Touton giant cell in
variable numbers was a consistent feature of the cutaneous
lesions; however, these cells were either absent or present in
reduced numbers in the various extracutaneous lesions when
compared with JXG in the skin. Spindle cells intermingled
among the mononuclear cells or forming short fascicles were
seen in both cutaneous and extracutaneous lesions. Immuno-
histochemistry was performed on all extracutaneous lesions,
and the constituent cells, regardless of their individual morpho-
logic features, were uniformly positive for vimentin, CD68, and
factor XIIIa and negative for S-100 protein and CD1a. It is
widely held that JXG is a proliferative disorder of dendrocytes,
possibly dermal dendrocytes; thus, its clinical and pathologic
similarities to Langerhans cell histiocytosis are not entirely
unexpected in light of the most recently proposed international
classification of histiocytic disorders, which includes JXG and

Langerhans cell histiocytosis together as “dendritic cell-
related” histiocytoses.
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Juvenile xanthogranuloma (JXG) or nevoxanthoendo-
thelioma, as it was known in the earlier literature, is
the “other” principal histiocytic disorder of childhood,
which is often compared with and differentiated from
Langerhans cell histiocytosis (LCH).4,29,30,40,51 In differ-
ent classifications and discussions, JXG has been re-
garded as a non-LCH together with several other histio-
cytic entities including papular xanthoma, benign cephalic
histiocytosis, sinus histiocytosis with massive lymphade-
nopathy (Rosai-Dorfman disease), and hemophagocytic
histiocytosis.4,58

As a clinical and pathologic entity, Adamson1 and
McDonagh34 in 1905 and 1912, respectively, are credited
with the first reports of JXG in the literature, although
Helwig and Hackney19 have made reference to Rudolf
Virchow as describing a case in a child with “cutaneous
xanthomas” in 1871. Adamson’s patient was a 2.5-year-
old boy with multiple cutaneous nodules in the head and
neck region and trunk; the initial lesion was detected
within the first 2 weeks of life, and additional lesions had
developed at the time of the case presentation.1 A biopsy
had not been performed in this case when it was pre-
sented before the Dermatological Society of London.
Several years later in 1912, McDonagh reported five
cases in children of so-called nevoxanthoendothelioma
and biopsies had been performed in four of the five.34

These five children all had multiple cutaneous and/or
subcutaneous lesions that were detected at birth in two
cases, in the first 3 weeks of life in two others, and at 10
months of age in the fifth child. A dense dermal infiltrate
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of round cells was the microscopic characterization of
the biopsies in three cases and the fourth biopsy also had
a spindle cell component. Xanthomatous cells were also
described in these biopsies. Only one case had a specific
notation about the presence of giant cells and a comment
about their absence was made in two others. McDonagh
concluded that these lesions had taken “their origin from
endothelium of the capillaries.”34 He also noted that
these lesions had a resemblance to a “soft fibroma or
connective-tissue tumors” during their evolution. In the
final clinical stage, McDonagh pointed that “these cells
disappear” with the implication that the lesion(s) even-
tually resolve spontaneously. It could be argued that
McDonagh had made most of the fundamental clinical
and morphologic observations about JXG in his now
90-year-old publication.34

Over the last decade or so, we have been provided the
opportunity to examine a number of cases of JXG pre-
senting in the first two decades of life. This series has
grown to 174 cases and has afforded us a perspective on
the diversity of clinical presentations and histopathologic
features that have challenged us and our colleagues.

MATERIALS AND METHODS

Case Selection

A systematic search of the computerized database and
the earlier “organ-lesion file” of the Lauren V. Ackerman
Laboratory of Surgical Pathology, Barnes-Jewish, and
St. Louis Children’s Hospitals at the Washington
University Medical Center (St. Louis, MO, USA) was
conducted for all cases with the pathologic diagnosis of
JXG, non-LCH, histiocytosis of unclassified type, xan-
thoma, and xanthogranulomas in patients whose ages at
diagnosis ranged from newborn to 20 years. Cases with
the pathologic diagnoses of LCH, Rosai-Dorfman dis-
ease, or sinus histiocytosis with massive lymphadenop-
athy, hemophagocytic histiocytosis and “malignant his-
tiocytosis” or anaplastic large cell lymphoma, regardless
of age, were not included in this analysis.

Microscopic slides and pathology reports were re-
trieved and the hematoxylin and eosin-stained sections
were examined to confirm the diagnosis of JXG using
established pathologic criteria.33,52,55 If the diagnosis
could not be confirmed by additional histologic and/or
immunohistochemical studies, the case was eliminated
from further consideration.

Immunohistochemical Staining

Immunohistochemical studies were performed on all
extracutaneous lesions, which for the most part had been
submitted in consultation from other institutions. The
immunoperoxidase studies were performed on a com-

mercial stainer using the manufacturer’s protocol with
the application of the following antibodies: vimentin
(1:200 dilution, Biogenex), CD68 (1:2000, Dako), factor
XIIIa (1:400, Calbiochem), CD1a (1:40, Immunotech),
and S-100 protein (1:6000, Dako).

RESULTS

The study group consisted of 174 cases, representing
99 (57%) males and 75 (43%) females who ranged in age
from newborn to 20 years of age with a mean age of 3.3
years and a median age of 1 year at the time of diagnosis.
Although 79 (45%) patients were diagnosed before 1
year of age, 33 (19%) patients with solitary cutaneous
lesions were diagnosed between the ages of 6 and 20
years, which accounted for the difference between the
mean and median ages (Fig. 1).

A solitary cutaneous lesion was the most common
clinical presentation among the 174 cases (Table 1). A
solitary mass in the subcutis and/or deeper soft tissues
was next in frequency accounting for 16% of cases. Mul-
tiple skin and soft tissue lesions with or without deep
organ involvement accounted for a total of 21(12%)
cases. A solitary, extracutaneous lesion comprised a total
of nine cases (5%), seven of which presented in the head
and neck region. Eight children (4%) had systemic JXG,
which included the involvement of two or more visceral
organs in addition to multiple cutaneous and subcutane-
ous lesions.

Solitary Skin

Approximately two thirds of JXGs presented as a soli-
tary cutaneous nodule with a predilection for the head
and neck region (Table 2). There were 62 males and 54
females who ranged in age from 3 months to 20 years at
diagnosis (mean 4.4 years; median 2 years). This presen-
tation of JXG was the only one seen in all age groups
(Fig. 1).

A firm nodule was infrequently in excess of 1 cm in
greatest dimension, but the tinctorial character varied
from flesh colored to erythematous or yellowish in ap-
pearance. Rather than a nodule, three children had
slightly raised plaque-like lesions with a reddish to yel-
lowish coloration. Excisional biopsy was the most com-
mon form of management, and local recurrence was not
recorded in any case, although one patient developed
additional cutaneous lesions during the follow-up period.
This patient was assigned to the category of multiple
cutaneous lesions, illustrating the point that a solitary
lesion at presentation may herald the appearance of ad-
ditional lesions over the next several weeks of months in
a small minority of cases.
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Soft Tissue

A firm mass in the subcutis (25 cases) or the deeper
soft tissues (three cases) was the clinical presentation in
28 children (15 male:13 female) who ranged in age from
2 weeks to 5 years (mean 11 months; median 3 months)
(Fig. 1). Ten (36%) children were �3 months old at
diagnosis. The soft tissues of the head and neck (13),
trunk (7), leg (4), pelvis–abdomen (2), and arm (2) were
the anatomic sites of involvement. Those lesions present-
ing in the subcutis measured <3 cm, whereas those in the
deeper sites, including the skeletal muscle and within the
abdomen, were >4 cm in maximum dimension. Exci-
sional biopsy was the preferred method of diagnosis and
therapy in all but two cases. There have been no recorded
recurrences among the 26 children with tumors in the
peripheral soft tissues in a follow-up period ranging from
1 to 11 years (median 5 years).

Two patients had intraabdominal or pelvic JXG. One
of these patients, a 21-month-old girl, presented with
abdominal enlargement and was found to have ascites

and multiple nodules on the peritoneum and in the omen-
tum. No skin or peripheral soft tissue lesions were noted.
The omental and peritoneal nodules measured from 1 to
6 cm on imaging studies. The liver, spleen, and other
abdominal organs were not enlarged nor did they contain
any discrete lesions. Biopsies were performed at the time
of surgical exploration. Following the pathologic diag-
nosis of JXG, the decision was made to only observe the
patient. Six and 18 months after the diagnosis, follow-up
imaging studies revealed progressive resolution of the
intraabdominal nodules, as well as the ascites, which had
completely resolved. The patient has grown and devel-
oped normally in the 3-year interval since the initial
presentation.

The second child, a 3-week-old boy, presented with a
pelvic retroperitoneal mass and hypercalcemia. An inci-
sional biopsy was performed, followed by multiagent

TABLE 1. Clinical presentations of
juvenile xanthogranuloma

No. Percent

Solitary skin 116 67
Soft tissue 28 16
Multiple skin only 13 7
Solitary extracutaneous* 9 5
Multiple skin and other systems 8 4

174 ∼100

* Orbit, paranasal sinus and nasal cavity (3), bone (3), tongue
(1), submaxillary gland (1), and bronchus (1).

TABLE 2. Distribution of solitary cutaneous
juvenile xanthogranuloma

No. Percent

Head and neck 49 42
Scalp (20)
Face (15)
Eyelid (7)
Neck (7)

Trunk 30 26
Back (13)
Abdomen (8)
Chest (6)
Axilla (3)

Lower extremity 19 16
Upper extremity 18 15

116 ∼100

FIG. 1. Bar graph showing the number of cases (ordinate) and age groupings (abscissa) of the five clinical groups of JXG.
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chemotherapy. This infant failed to respond in terms of
the intractable hypercalcemia and died several weeks af-
ter the diagnosis.

Multiple Skin

Thirteen children, ranging in ages from 3 months to 6
years, presented with multiple cutaneous lesions (Fig. 1).
The median age at diagnosis was 5 months and the mean
age was 16 months. Twelve (92%) of the 13 patients
were male. Virtually all the patients had “several” to
“numerous” firm nodules with a range of sizes and tinc-
torial features, which overlapped with the solitary cuta-
neous lesions. One or multiple nodules were found in the
head and neck region in 10 of 13 cases, and other lesions
were distributed over the trunk, extremities, and scrotum.
Additional lesions developed in a few patients during the
1-year period of clinical observation after the biopsy di-
agnosis. None of the children in this group was discov-
ered to have systemic or deep organ involvement. In all
cases, it was noted that individual lesions appeared to
diminish in size during follow-up periods of months to
several years. No attempt was made in any patient to
excise all of the multiple lesions.

Unifocal (Solitary) Extracutaneous Lesions

Nine cases presented with a discrete mass, swelling in
the region of the tumor, or pain in one case. There were
five females and four males between the ages of 1 month
and 14 years (Table 3). None of the patients had a docu-
mented cutaneous or subcutaneous lesion. Three lesions
were centered in the bone, two in the temporal–petrous
bone, and one in the third lumbar vertebra in a 14-year-
old girl. An osteolytic defect in the temporal bone with
sharply defined margins and a sizable mass effect in two
cases were present in the radiographic examination
(Fig. 2). The third case with a solitary bone lesion was a
collapsed third lumbar vertebra with a vertebra plana,
which was thought to represent eosinophilic granuloma
or LCH of bone (Fig. 3). The region of the nasal cavity,
orbit, and paranasal sinus was the site of involvement in

three cases. A sizable soft tissue density in the nasal
cavity, with or without involvement of the ipsilateral
orbit with proptosis, was the appearance by imaging
studies. Additionally, erosion of the bony orbit was
present in two cases. A mass in the tongue of a 2-year-
old boy and a submental tumor in the submaxillary gland
of a 6-year-old girl accounted for the remaining two
cases arising in the head and neck region where seven
(78%) of the nine extracutaneous JXGs presented. The
final case was that of a 3-year-old boy who presented
with fever and was thought to have pneumonia by clini-
cal and imaging studies. However, bronchoscopy re-
vealed a smooth surface mass on the posterior wall of the
right mainstem bronchus.

Skin and Viscera

Eight children, all <2 years old at diagnosis (mean age
4.3 months; median age 1 month), and three with a clini-
cal presentation in the neonatal period had multiple cu-
taneous and subcutaneous lesions in addition to involve-
ment of two or more visceral organs (Table 4). All of the
infants but one (case no. 6, Table 4) had cutaneous and
subcutaneous lesions noted at or shortly after birth, but
three neonates had jaundice, thrombocytopenia, hepato-
splenomegaly, and evidence of hepatic failure (case nos.
2, 3, and 7; Table 4). It was the latter that resulted in the
deaths of two at 2 and 1 months of age, respectively (case
nos. 2 and 7; Table 4). At autopsy these two infants had
markedly enlarged livers with the histologic features of
giant cell or neonatal hepatitis and histiocytic infiltration.

The organ distribution of disease in these children in-
cluded the liver (six cases), lungs (six cases), spleen
(three cases), kidney (three cases), brain (two cases),
gastrointestinal tract (one case), multifocal bone (one
case), and pancreas (one case). Multiple, variably sized
nodules in the liver and lungs characterized the lesions in
these two sites.

Clinical follow-up was available in seven children
whose disease course has been at least 1 year or who
have died. The follow-up period for the five survivors
has ranged from 1 to 11 years. As noted, two of the three

TABLE 3. Nine cases of extracutaneous (non-soft tissue) juvenile xanthogranuloma

Case no. Age Sex Site Follow-up

1 19 mo F Maxillary sinus and orbit with erosion Subtotal resection, no recurrence, 4 y
2 3 mo F Temporal-petrous bone Subtotal resection, doing well, 3 y
3 4 y F Temporal-mastoid bone Complete remission with prednisone, vinblastine

and indomethacin, 2 ½ y
4 2 y M Tongue Resection, no recurrence, 3 y
5 10 mo M Nasal cavity to base of skull
6 6 y F Submaxillary gland Resection, no recurrence, 1 y
7 1 mo M Left orbit Unavailable
8 3 y M Right mainstem bronchus Recent case
9 14 y F L3 vertebra Recent case
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infants who were diagnosed in the neonatal period died
within the first month or two after birth, and both expe-
rienced acute hepatic failure (case nos. 2 and 7; Table 4).
The third neonate had a virtually identical clinical pre-
sentation of progressive jaundice, hepatosplenomegaly,
and thrombocytopenia with multiple cutaneous and sub-
cutaneous lesions but has survived after a prolonged,
complicated course, which has been documented else-
where17; this patient is currently disease-free at 8 years
(case no. 3; Table 4). The 2-month-old infant presenting
with obstructive jaundice and a mass in the head of pan-
creas has done well over the 2-year follow-up period
with interval resolution of the jaundice and gradual re-
duction in the size of the pancreatic tumor together with
the solitary nodule in the lung (Fig. 4). Growth and de-
velopment in this child have otherwise progressed nor-
mally. The most recent case (case no. 8; Table 4) is an
infant with scalp nodules and lesions in the lungs, kid-
neys, brain, and orbital bone.

The most common therapeutic regimen has been one
that has included prednisone and vinblastine. One patient

has stable disease with persistent lung nodules at 1 year
and remains on therapy (case no. 6; Table 4). After a
failure to respond to prednisone, vinblastine, and metho-
trexate, 2-chlorodeoxyadenosine therapy was begun in
case no. 8 (Table 4).

Pathologic Findings

The skin biopsy, either a punch or excisional, was the
most common type of specimen for histologic examina-
tion with a total of 137 cases, including all solitary (116)
and multifocal (13) cutaneous and the 8 cases of infants
with cutaneous and visceral lesions. The microscopic
features did not vary in any appreciable fashion among
the three clinical groups with cutaneous involvement.
The cellular composition of the cutaneous lesions con-
sisted of one or more of the three basic cellular types:
mononuclear cells, multinucleated cells with or without
Touton features, and spindle cells (Fig. 5). When present,
the Touton giant cells were found in a background of
mononuclear cells. Less than well-preserved giant cells
were present among spindle cells in some cases (Fig.

FIG. 2. This palpable mass involved the temporal–
petrous bone of a 3-month-old girl (case no. 2, Table 3)
and abutted the dura but did not invade it. Although the
resection was subtotal, there has been near total resolu-
tion of the defect 3 years later.

FIG. 3. Vertebra plana in this 14-year-old girl who pre-
sented with back pain (case no. 9, Table 3) proved to be
a CD68 and factor XIIIa immunopositive histiocytic infil-
trate accompanied by osteoclast-like giant cells. Despite
the impression of Langerhans cell histiocytosis, the
histiocyte-like cells were nonreactive for CD1a and S-100
protein. The MRI demonstrates the collapsed vertebral
body.
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5C). The mononuclear and giant cells had or did not have
fine cytoplasmic vacuoles in the cytoplasm, giving the
cells a lipidized or xanthomatous appearance (Fig. 6).
Nonlipidized mononuclear and giant cells were more
commonly seen overall than those lesions with lipidized
or xanthomatous cells. Spindle cells were either co-
mingled among the mononuclear cells or comprised the
dominant cell type in a focus or less often an entire lesion
(Fig. 7). Some nuclear enlargement and atypia, in addi-
tion to mitotic figures, were evident to some degree in
approximately 10% of skin cases. Other types of inflam-
matory cells, notably eosinophils, were found with some
frequency as an isolated cell, but in a small number of
cases they were quite prominent (Fig. 8). Lymphocytes
and rarely plasma cells were also present in a minority of
cases.

A mononuclear cell had a rounded to elongated, reni-
form nucleus with moderately dense, uniformly dis-
persed chromatin, a variably conspicuous nucleolus and

pale eosinophilic to finely vacuolated cytoplasm (Fig.
5A). An occasional cell and, in some instances, more
than an isolated mononuclear cell had a clefted elongated
nucleus with a groove resembling a Langerhans cell.

The classic Touton giant cell with a central wreath of
nuclei and a peripheral rim of eosinophilic to vacuolated
cytoplasm was present in 85% of cases but varied quite
markedly in their number from one lesion to another and
within any one lesion. In addition to the Touton giant
cells, giant cells with peripherally or centrally aggregated
nuclei were also seen (Fig. 9). The distribution of giant
cells within the background of mononuclear cells was
generally haphazard as individual cells or as small
groupings of cells (Fig. 5B). Only rarely were the giant
cells arranged into formed granulomas.

Spindle cells were present to some degree in 35 (20%)
of all skin cases, generally as a minor intermixed popu-
lation whose presence was often highlighted in the im-
munoperoxidase staining sections for vimentin or factor
XIIIa. In only 3% of cases was the lesion exclusively
composed of spindle cells with or without a sclerotic
background.

Confluent infiltration from the superficial papillary to
the mid- or deep reticular dermis characterized virtually
all of the cutaneous lesions. The superficial papillary
dermis was obliterated by the mononuclear cells without
any obvious interface alterations in the basal layer (Fig.
5A). A pushing cellular border existed between the lat-
eral dermal and subcutaneous tissues, rather than the ir-
regular infiltrating or collagen trapping margins of a der-
matofibroma. Multifocal, noncoalescing infiltrates in the
dermis rather than global replacement of the dermis were
the exception in the cutaneous lesions.

Soft tissue JXGs varied from 1.5 to 4 cm in greatest
dimension and were well circumscribed, but nonencap-
sulated masses. A yellowish to greyish–tan appearance
was present on cut surface. Neither hemorrhage nor ne-
crosis was described in any case. Microscopically, a
diffuse and/or nodular pattern of growth and a pushing
border were apparent at low magnification (Fig. 10A, B).
Among the 28 cases the Touton giant cell, as an isolated

FIG. 4. A solitary mass in the head of the pancreas in this
2-month-old boy (case no. 5, Table 4), in addition to mul-
tiple cutaneous and subcutaneous nodules, was identified
by CT studies. Skin and pancreatic biopsies were per-
formed. A nodule in the lung, the pancreatic mass, and the
peripheral lesions have all resolved.

TABLE 4. Cutaneous and visceral (systemic) juvenile xanthogranuloma

Case no. Age Sex Visceral sites Outcome

1 9 mo F Lung, liver, and kidney ADF, 11 y
2 NB M Liver, spleen, and lungs DOD, 2 mo
3* NB M Liver and spleen ADF, 8 y
4* 1 mo M Lung, liver, and brain ADF, 8 y
5 2 mo M Pancreas and lung AWD, 2 y
6 18 mo M Liver, lungs, bone (multiple), and

kidneys
AWD, 2 y

7 NB F Liver, spleen, adrenal, intestine, and
lymph nodes

DOD, 1 mo

8 5 mo M Lungs, brain, kidneys, orbital bone AWD, 4 mo

* Previously reported by Freyer et al. J Pediatr 1996;129:227–37.
NB, newborn; ADF, alive disease-free; DOD, dead of disease; AWD, alive with disease.
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FIG. 5. Juvenile xanthogranuloma of the skin presented as a solitary nodule on the lower eyelid of a 9-month-old girl. (A)
The compact mononuclear cellular infiltrate extends to the basal layer of the epidermis. The cells are characterized by their
bean-shaped or reniform nuclei. (B) Three Touton giant cells are seen with lipidized or finely vacuolated cytoplasm. (C)
A predominate spindle pattern is seen with the presence of a degenerated multinucleated cell (arrow) (hematoxylin and
eosin, original magnification ×200, ×400, ×200).

FIG. 6. Juvenile xanthogranuloma of the skin on the scalp
of a 7-month-old girl presenting as a yellowish nodule.
Virtually all of the mononuclear and giant cells are dis-
tended by fine cytoplasmic vacuoles. Note also the intact
basal cell layer, which often shows vacuolar degenera-
tion, if not occult subepidermal blister formation, in cuta-
neous Langerhans cell histiocytosis (hematoxylin and eo-
sin, original magnification ×200).

FIG. 7. Juvenile xanthogranuloma of the skin of the right
temple in a 2-year-old girl. The pattern is one of a mixture
of loosely arrayed spindle cells, mononuclear cells, and a
degenerating giant cell (arrow) (hematoxylin and eosin,
original magnification ×200).
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FIG. 10. Juvenile xanthogranuloma of the soft tissues of the lower extremity in a 4-year-old girl. (A) A diffuse, predomi-
nately mononuclear cellular infiltrate contains the occasional mitotic figure (arrow). (B) Other areas of the same tumor
shows contiguous foci of mononuclear and spindle cells (hematoxylin and eosin, original magnification ×200).

FIG. 11. Juvenile xanthogranuloma of the soft tissues
shows the characteristic circumscribed or subtly infiltrat-
ing border with the adjacent subcutaneous fat. A similar
appearance is seen in the dermal-based lesion when it
involves the subcutis. Note the mixed cellular appearance
including some lipidized cells (hematoxylin and eosin,
original magnification ×400).

FIG. 12. Juvenile xanthogranuloma of the soft tissues
shows diffuse cellular immunoreactivity for factor XIIIa
(immunoperoxidase, original magnification ×400).

FIG. 8. Juvenile xanthogranuloma of the skin of the scalp
of a 15-year-old boy. Numerous eosinophils are pres-
ent among the mononuclear cells whose presence
may prompt the diagnostic consideration of cutaneous
Langerhans cell histiocytosis (hematoxylin and eosin,
original magnification ×400).

FIG. 9. Juvenile xanthogranuloma of the skin in a neo-
nate with multiple lesions, in addition to organ involve-
ment. Several giant cells with Touton and non-Touton fea-
tures are seen (hematoxylin and eosin, original magnifi-
cation ×600).
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single cell or no more than two or three of such cells,
was present in only five (18%) of 28 cases. Mononuclear
cells were the near-exclusive component of these le-
ions with the exception of those cases with a minor in-
termixture of spindle cells or nodules of spindle cells.
Mitotic figures were found more commonly in the
soft tissue JXGs when compared with the skin lesions
(Fig. 10A). The border between the tumor and the adja-
cent subcutaneous fat or skeletal muscle in one case was

typically a pushing one or only minimally infiltrative
(Fig. 11).

Immunohistochemistry performed on the 28 soft tisue
lesions yielded identical results: all cases were immuno-
reactive for vimentin, CD68, and factor XIIIa and non-
reactive for CD1a (Fig. 12). Weak focal positivity for
S-100 protein was obtained in eight cases and the others
were all entirely nonreactive in the lesional cells.

The unifocal-solitary extracutaneous lesions consisted
of those cases presenting as a solitary mass or as exten-
sive regional process like those tumors presenting in
the nasal cavity, paranasal sinuses, and orbit (Table 3).
A 10-month-old boy had a mass that filled the nasal
cavity and paranasal sinuses with extension to the base
of the skull. Both tumors in the temporal–petrous bone
presented as large osteolytic lesions with well-
demarcated margins (Fig. 2). Osteoclast-like giant
cells were intermixed with Touton giant cells and
mononuclear cells in the three bony lesions (Fig. 13).
Dense formless sheets of mononuclear cells with the
occasional Touton and non-Touton giant cells were
the microscopic features in common in the three JXGs
in the nasal cavity and paranasal sinuses. In the tongue
and submaxillary gland, the well-circumscribed lesions
were composed of mononuclear cells and scattered
Touton giant cells. Lipidized or xanthomatous cells
were present in the tongue lesion in a 2-year-old
boy, whereas the mass in the submaxillary gland of a

FIG. 13. Juvenile xanthogranuloma of the temporal–
petrous bone in a 3-month-old girl (case no. 2, Table 3)
shows an intermixture of a Touton giant cell, osteoclast-
like giant cells, and mononuclear cells, including one with
a cleft or grooved nucleus (arrow) (hematoxylin and eosin,
original magnification ×4000).

FIG. 14. The liver at autopsy in a neonate (case no. 7,
Table 4). (A) Diffuse giant cell transformation of hepa-
tocytes was present (×400). (B) A predominately
spindle cell proliferation extended from the portal tracts
into the surrounding parenchyma (×200). (C) The
spindle cells show intense immunoreactivity for factor
XIIIa (hematoxylin and eosin; immunoperoxidase origi-
nal magnification ×200).
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10-year-old girl also had a substantial spindle cell com-
ponent (case nos. 4 and 6; Table 3). An intact respiratory
mucosa and a predominately mononuclear population of
cells and the rare Touton giant cell characterized the JXG
in the bronchus of a 3-year-old boy. All nine lesions in
this clinical group were immunoreactive for vimentin,
CD68, and factor XIIIa and nonreactive for CD1a and
S-100 protein.

Skin biopsies in the eight children with visceral in-
volvement were generally indistinguishable microscopi-
cally from the solitary cutaneous lesions. The 2-month-
old boy with obstructive jaundice had a mass in the head
of the pancreas and a solitary lung nodule (case no. 5;
Table 4). The skin and pancreatic biopsies showed an
intermixed mononuclear and spindle cell proliferation of
CD68 and factor XIIIa positive. Touton giant cells were
inconsistently present in the various other visceral sites.
Touton giant cells were noted in the liver, adrenal, and
lymph nodes at autopsy in case no. 7 (Table 4), in addi-
tion to cholestasis and giant cell hepatitis in case nos. 2
and 7 (Table 4; Fig. 14A). Spindle cells and the occa-
sional mononuclear cells in the portal tracts were in-
tensely immunoreactive for CD68 and factor XIIIa (Fig.
14B, C). A CD68- and factor XIIIa-positive spindle cell
component was also present in these latter two cases
(Fig. 14B, C). The well-demarcated lung nodules in case
nos. 2, 6, and 8 were composed of mononuclear cells
with few to absent giant cells of any type. An intraven-
tricular lesion was biopsied in a 5-month-old boy (case
no. 1; Table 4), and it consisted almost exclusively of
CD68 and factor XIIIa mononuclear cells.

DISCUSSION

The topic of histiocytic disorders in children has been
and continues to be one that has attracted investigative
interests across a broad front of basic science and clinical
disciplines.2 Over the past two decades or so, some fun-
damental questions have been answered about the types
and functional nature of “histiocytes.” If nothing is clear
about the so-called histiocytoses, it is the fact that most
of these disorders can be subclassified into one of two
histogenetic–phenotypic categories: those whose con-
stituent mononuclear cell has the morphologic, func-
tional, and immunophenotypic attributes of the macro-
phage as an antigen processing cell or a dendritic cell
with its antigen presenting function.

Antedating the more recent insights into the histiocytic
disorders, they were classified morphologically into his-
tiocytosis X, nonhistiocytosis X, and malignant histiocy-
tosis.29 A complete reordering has occurred in the clas-
sification of the histiocytic disorders with LCH (formerly
histiocytosis X) and JXG together in the category of
“dendritic cell-related” proliferations, which are sepa-
rated from the macrophage-related proliferations, includ-

ing the hemophagocytic syndromes, Rosai-Dorfman dis-
ease, and solitary histiocytoma with macrophage pheno-
type.16 Malignant histiocytosis has undergone a
metamorphosis to anaplastic large cell lymphoma or a
reactive hemophagocytic syndrome, formerly known as
histiocytic medullary reticulosis.

Most clinical and pathologic series in the past have
been concerned with cutaneous JXG, which is under-
standable because the skin is the most common site of
involvement.10,13,20,33,44,49,52,59 Our series of 174 cases
of JXG in children and adolescents confirms many of the
already established observations, but the present study
has the added dimension of providing a comprehensive
overview of this disorder beyond its dermatologic mani-
festations. It is apparent from our experience, as well as
that of others in the literature, that JXG may be localized
to a single anatomic site, organ, or soft tissues without
accompanying skin lesions or with multiple organ in-
volvement with concurrent cutaneous or subcutaneous
lesions.6,8,14,17,38,39,54,56 The disease may prove to be fa-
tal as we saw in three of our cases; two of these young
infants developed hepatic failure and had giant cell hepa-
titis at autopsy. Giant cell transformation is a more or
less unique injury response in neonatal liver to a wide
range of insults, including a variety of infectious and
inherited metabolic disorders. As many as 50% of cases
of giant cell or neonatal hepatitis do not have an estab-
lished etiology. It is entirely possible that the presence of
giant cell hepatitis is coincidental in our two fatal cases,
but there was substantial histiocytic infiltration of the
hepatic parenchyma to suggest otherwise in infants with
hepatic failure at the time of death. Yet another aspect of
JXG, which was noted in some earlier studies and in our
own as well, is that the microscopic features varied from
the cutaneous archetype of Touton giant cells and li-
pidized or nonlipidized mononuclear cells.12,23,28,33,48 It
was the decided trend in our study that the extracutane-
ous lesions were more consistently composed of only
mononuclear cells, mononuclear cells with an intermix-
ture of spindle cells in the absence of multinucleated
cells, or a nearly exclusive spindle cell proliferation
with or without a collagenous background. Others have
noted this same tendency in extracutaneous JXGs, which
has in the past and continues to challenge the patholo-
gist.23,24,36 The essential point is to realize that JXG,
regardless of the presenting manifestations(s) and site(s)
of involvement, may have a varied microscopic appear-
ance from the archetypical giant cell-containing cutane-
ous lesion that possibly mirrors the life cycle of the
lesion with its eventual capacity for self-healing or
spontaneous regression.28,33,37 These lesions may also
have cellular atypism with enlarged, hyperchromatic
nuclei in the absence of true anaplasia and mitotic
figures.23,28,36,48 If there is no consistent common
denominator in terms of the histologic pattern, the
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immunophenotype of JXG is reasonably constant with
reactivity for vimentin, CD68, and factor XIIIa.7,27,36,37,44,53

This immunophenotype has served to suggest that the
progenitor cell of JXG is a dendrocyte, possibly a dermal
dendrocyte, an antigen-presenting cell, like the Langer-
hans cell.2,7,50,58

If the dermal dendrocyte is the normal counterpart to
the mononuclear cell of JXG in the skin as reported by
others,36,44,49,59 the dermis is then not surprisingly the
most common site of involvement as confirmed in this
and other studies. Excluding those cases of solitary soft
tissue and extracutaneous JXG, one or more skin lesions
were present in almost 85% of the cases in our study. As
reported by others, there was a predilection for the head
and neck region; however, no anatomic region was
spared, including the perineum and external genita-
lia.18,20,44,49 Two clinical categories of children with
JXG restricted to the skin in our study were those with a
single or multiple cutaneous lesions. The ratio of solitary
to multifocal skin lesions was approximately 9:1 in the
present study. It was also notable that there was an over-
whelming male preference (12:1 vs 1.15:1) and a con-
siderably younger median age (5 months vs 2 years) at
diagnosis in the children with multiple cutaneous lesions.
The oldest patient diagnosed with multifocal cutaneous
lesions was a 6-year-old, whereas the solitary skin le-
sions were recognized well into adolescence to the age of
20 years (Fig. 1). (In fact, 44 cases of cutaneous JXG in
adults were identified in our files during the same time
period as the 174 pediatric cases.) A papule(s) and/or
nodule(s) with an erythematous to yellowish appearance,
measuring <1 cm in most cases, was the common clinical
appearance; however, a few examples of a plaque-like
lesion were encountered in our study population, an in-
frequent clinical presentation, which has been described
by others.5 There was only one recorded case in our
study of a child presenting with a solitary JXG who later
developed additional cutaneous lesions during the period
of clinical observation. Those with multifocal cutaneous
lesions had more than one lesion at the time of presen-
tation and were known to form new lesions during the
early clinical course. Spontaneous regression of skin le-
sions was reported inconsistently in those with multifo-
cal cutaneous JXG with and without systemic manifes-
tations. Although not confirmed with a biopsy, those
infants with cutaneous and systemic JXG also had nod-
ules in the superficial soft tissues.

A solitary subcutaneous or deep soft tissue mass was
the second most common clinical presentation in this
series with 28 (16%) cases. As with the cutaneous le-
sions, there was a preference for the head and neck re-
gion in almost 50% of cases. Like the children with
multifocal cutaneous JXGs, those with a soft tissue tu-
mor were commonly <1 year of age and approximately
35% of cases were diagnosed in infants �3 months old.

A solitary mobile mass in the subcutis, measuring �3
cm, was the most common finding on physical exami-
nation. One tumor arose within the skeletal muscle and
two others presented with multiple peritoneal and omen-
tal nodules or a pelvic mass without other cutaneous or
visceral lesions. Other examples of intramuscular JXG
have been reported by Janney et al.24 and Nascimento.36

Sanchez Yus et al.43 have reported a case of subcutane-
ous JXG in a 1-month-old girl whose retroauricular le-
sion was noted at birth. An excision was performed in
our 26 cases of JXG in the peripheral soft tissues, and no
local recurrences nor the development of JXGs else-
where were reported in these children. The self-limited
nature of JXG of soft tissues has been commented on by
others24,36,43 and is further supported by our experience
that these lesions rarely if ever recur locally even in the
presence of positive surgical margins. Once the patho-
logic diagnosis of JXG has been established with confi-
dence, a reexcision of a tumor with positive margins is
seemingly unnecessary unless clinical circumstances
would dictate otherwise. The principal difficulty for the
pathologist is the awareness that JXG may present in the
soft tissues and microscopically often lacks the charac-
teristic Touton giant cells and, when present, is there in
reduced numbers. A relatively monotonous population of
nonlipidized, mononuclear histiocyte-like cells is the
usual microscopic appearance that greets the pathologist.
Others have also drawn attention to this perplexing as-
pect of the histology in the case of soft tissue JXG.24,36

The presence of scattered mitotic figures and some de-
gree of nuclear atypia in a case may suggest a round cell
sarcoma or hematopoietic malignancy in a young child
who is otherwise asymptomatic. We would urge the con-
sideration of JXG in the differential diagnosis when con-
fronted with such a tumor in the soft tissues, especially in
the head and neck region, of an infant.

The other clinical category of JXG in children without
cutaneous lesions, in addition to those with solitary soft
tissue tumor, included those with a mass lesion in the
nasal, orbital, and paranasal sinus region, a solitary bone
lesion, or an isolated tumor in the tongue, submaxillary
gland, and bronchus (Table 3). With the exception of the
lesion in the L3 vertebra, the others presented in the head
and neck region, a feature in common with the solitary
cutaneous and soft tissue JXGs. Only recently has the
claim been made of the first reported case in the English
literature of JXG presenting in the nasal cavity of a 14-
year-old boy.45 Our three cases were extensive lesions
involving not only the nasal cavity but also showing
erosion of the orbit in one case and extending to the base
of the skull in a 10-month-old boy. The third case was a
1-month-old boy with an orbital JXG with erosion and
direct extension into the adjacent paranasal sinus; neither
this infant nor the other with orbital involvement had
documented ocular JXG. Orbital JXG has been reported
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in infants <1 year of age and a second age peak in
adults.21,35 One of our cases with multifocal visceral le-
sions also had orbital involvement (case no. 8; Table 4).
The skeletal manifestations of JXG have been known in
the clinical setting of systemic JXG, but the solitary os-
seous JXG is rare as judged by reports in the litera-
ture.8,14,40 Our two cases of JXG presenting as sizable
solitary osteolytic lesion in the temporal–petrous bone
are similar to the one described in a 2-year-old girl by
Farrugia et al.15 Eggli et al.14 reported a large JXG of the
temporal bone that displaced the cerebellum of a 7-day-
old girl. These tumors all abutted the dura but did not
invade it at surgery. Our two cases have done well, 2.5
and 3 years after subtotal resection and the addition of
chemotherapy in one. Both children from the literature
with JXG of the temporal bone have done well 6 months
after surgery.14,15 Our third case of a solitary bone lesion
occurred in a 14-year-old girl with back pain and col-
lapse of the L3 vertebra, which was considered a typical
example of eosinophilic granuloma or LCH of bone be-
fore surgery. The lingual-based JXG in the 2-year-old
boy in the present series is one of <20 cases of JXG
occurring in the oral cavity and most have been solitary
tumors.26,51 Satow et al.46 reported a JXG of the tongue
in a 35-year-old man and identified two other similar
cases in the literature. Bronchopulmonary JXG is a docu-
mented manifestation in context of multisystem dis-
ease6,8,14 or in a case of diffuse involvement of the tra-
chea and bronchus,41 but our recent case of a 3-year-old
boy with postobstructive pneumonia is seemingly unique
with the presence of an isolated polypoid mass involving
the right stem bronchus (case no. 8; Table 3). Solitary
JXG in the temporoparietal lobes in a 13-year-old boy
with a history of complex–partial seizures has been de-
scribed by Schultz et al.47 Malcic et al.32 have reported
JXG of the heart in a neonate who did not have any other
extracardiac lesions, cutaneous or otherwise. This child
was doing well 5 years after surgery, which appears to be
the case for virtually all of the children in this particular
clinical category of JXG.

The final clinical group of children with JXG were
those with systemic disease (Table 4). Two of these in-
fants were the subject of an earlier report (case nos. 3 and
4; Table 4), but now with a longer interval of clinical
follow-up.17 At the time of the previous study, 36 cases
of systemic JXG were identified and reviewed from the
literature.17 It was noted at that time that cutaneous le-
sions of JXG were present in <50% of cases; however,
multiple cutaneous and subcutaneous lesions were noted
in all eight cases in the present study. Only one of the
eight patients was older than 12 months at diagnosis.
Hepatic, splenic, and pulmonary lesions were notable in
these children. Three infants had evidence of JXG at
birth, and they each experienced hepatic failure and
thrombocytopenia, which claimed the lives in two of the

three disease-related deaths in this series. At autopsy
both infants had giant cell hepatitis, in addition to portal
and lobular histiocytic infiltrates in the liver. The others
with systemic JXG have generally faired well with vari-
ous chemotherapeutic regimens, which have included
some combination of corticosteroids and vinca alkaloids.
The analogy with multisystem infantile LCH is unavoid-
able in these cases of JXG, especially in those with
hepatosplenomegaly, thrombocytopenia, and hepatic
failure.3,29,31 The comparison with LCH is more than
appropriate if these two histiocytic disorders are histo-
genetically related because both are currently dendritic
cell-related proliferations.2,16 Because the multisystemic
forms of JXG and LCH are consistently accompanied by
cutaneous involvement, a skin biopsy should reliably dif-
ferentiate these disorders on the basis of histologic and
immunohistochemical studies.

One important clinical aspect of JXG that this study
did not have the opportunity to address is the ocular
manifestations because we did not have any examples.
The incidence of ocular JXG in children with cutaneous
JXG is only 0.3% according to a survey by Chang et al.9

It is notable that multiple cutaneous lesions have been
found in approximately 40% of children with ocular
JXG. The classic pathologic study by Zimmerman61

documented that the anterior uveal tract (iris and ciliary
body), and virtually never the posterior uveal tract and
retina, is infiltrated by mononuclear and spindle cells
with a paucity of Touton giant cells. Ocular involvement
is unilateral in most cases.57 The eye is yet another ex-
ample that Touton giant cells are inconspicuous in ex-
tracutaneous JXG.

The challenge offered in the pathologic diagnosis is
found in those cases of JXG with the isolated multinu-
cleated cell with or without a central wreath of nuclei and
a peripheral rim of nonlipidized or lipidized cytoplasm.
Touton giant cells were generally found with greatest
consistency in the cutaneous lesions; however, the num-
ber of giant cells varied in an unpredictable manner from
case to case and were not always correlated with age of
the patient. It has been suggested that the morphology of
JXG may undergo a metamorphosis or “maturation” with
age at diagnosis.28,52 The extracutaneous lesions were
more often devoid of or had very few Touton giant cells,
or if present, the giant cells lacked the classic Touton
features. Yet another morphologic feature of JXG, noted
earlier by McDonagh34 and later by Helwig and
Hackney,19 was the presence of spindle cells, either as a
co-population with the mononuclear cells or as the near-
exclusive component in a particular lesion. The mono-
nuclear cells may have nuclear features to suggest their
identity as Langerhans cells or in a lesion with a con-
spicuous population of eosinophils. In those cutaneous
histiocytic lesions with indeterminant features for JXG
of LCH, the absence of epidermotropism, injury at the
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dermoepidermal interface, and CD1a immunoreactivity
in groups or aggregates of “histiocytes” diminishes ap-
preciably the likelihood of LCH. The distinction between
dermatofibroma and JXG with predominantly spindled
features is not facilitated by immunohistochemistry. In
addition to the age and site of presentation, the intermix-
ture of mononuclear cells with spindle cells and circum-
scribed, pushing rather than the infiltrative, collagen
trapping borders at the lateral and deep dermal or sub-
cutaneous aspects is the composite of clinical and patho-
logic features to differentiate a spindled JXG from a
cutaneous dermatofibroma. Only 3% of cutaneous JXGs
in our study had exclusive spindle cell features. We rec-
ognize the possibility that one may encounter an indi-
vidual case without successful resolution of the distinc-
tion between these two possibly related lesions. In our
experience, that is more likely to occur in the adult set-
ting. Mitotic figures and nuclear atypia in the mononuclear
population can evoke concern about a malignant myeloid or
monocytic process, especially in the child with multiple
cutaneous, subcutaneous, and deep visceral lesions.

Juvenile xanthogranuloma should be kept in mind as a
possible diagnosis in a young child with a “histiocytic”
disorder presenting in the skin and/or soft tissue with and
without superficial or deep organ involvement. Rarely is
JXG the diagnosis in a solitary bone lesion or in a case
with multiple osteolytic defects in association with sys-
temic manifestations. In any one of these clinical sce-
narios, immunohistochemistry has an important ancillary
role in the differential diagnosis between LCH and JXG.
It was our experience that regardless of the cellular com-
position of a JXG, the mononuclear, giant, and spindle
cells were consistently immunoreactive for vimentin,
CD68, and factor XIIIa and nonreactive for CD1a in all
cases. In most cases, S-100 protein was also nonreactive,
but scattered cells may show weak cytoplasmic re-
activity, unlike the more diffuse and intense reaction of
Langerhans cells.53 A more extensive panel of antibodies
is generally unnecessary for diagnostic purposes. Several
studies have highlighted the fact that the cells of JXG are
not the only factor XIIIa-positive populations and that
factor XIIIa may not be consistently expressed in the
cells of JXG.27 Our experience with immunohistochem-
istry in this study has been principally restricted to the
extracutaneous lesions, and in all cases that were exam-
ined, the mononuclear, multinucleated, and spindle cells
co-expressed CD68 and factor XIIIa and were nonreac-
tive for CD1a and S-100 protein. We would concur with
Kraus et al.27 that “neither factor XIIIa negativity nor
S-100 positivity should preclude the diagnosis of JXG.”
These same investigators have suggested that a dendritic
cell precursor, the plasmacytoid monocyte, is a potential
progenitor cell of JXG. Based upon several immunohis-
tochemical studies addressing the issue of the phenotype
of the constituent cells of JXG, the dendritic cell remains

the favored precursor.36,44,49,59 Whether this cell is a
dermal dendrocyte in all cases of JXG, especially those
originating in extracutaneous sites, is a subject without a
final resolution or consensus.

There is a reported association between JXG and neu-
rofibromatosis type I and juvenile chronic myelomono-
cytic leukemia.62,63 In our series, one child with a soli-
tary cutaneous JXG also had neurofibromatosis type I.
Two other children with solitary skin lesions had a pi-
lomatrixoma and nevus sebaceus of Jadassohn. The latter
cutaneous hamartoma has been reported in a 13-year-old
boy whose JXG arose within the nevus sebaceus,11 un-
like our case of two independent skin lesions. We did
not have any cases of JXG and juvenile chronic myelo-
monocytic leukemia in our series. Two case reports
document the occurrence of JXG in a 7-year-old who
earlier had LCH and in another child with Rosai-
Dorfman disease.22,25

Based on the assumption that the dermal dendrocyte is
the normal counterpart to the cellular composition of
JXG, a supposition recently challenged to some degree
by Kraus et al.,27 this histiocytic disorder has been re-
classified as a dendritic cell-related process by the His-
tiocyte Society and the World Health Organization’s
Committee on Histiocytic/Reticulum Cell Prolifera-
tions.16 It has been suggested that several other purported
entities, including benign cephalic histiocytosis, spindle
cell xanthogranuloma, progressive nodular histiocytosis,
xanthoma disseminatum, and generalized eruptive histio-
cytosis are related to or variants of JXG.4,8,42,60 We rec-
ognize that some may object to the “lumping” of the 174
cases in this series as all representing JXG, particularly
those tumors presenting as exclusively extracutaneous
mass lesions; however, all of these cases in one fashion
or another had clinical, pathologic, and immunohisto-
chemical overlap to warrant the proposition that they all
constituted a single nosologic entity. In our series, we
were impressed by several clinical similarities between
JXG and LCH, particularly in regard to the systemic
presentation in the neonatal and early infancy period.
Both JXG and LCH also have in common that their most
frequent clinical presentations are more often as a soli-
tary lesion in the skin in JXG or the bone in LCH.31 One
distinguishing characteristic clinically is that JXG ap-
pears to have the greater potential for spontaneous re-
gression than does LCH. Is this possibly related to the
apparent clonality of LCH? At present, there are essen-
tially no data with respect to the question of clonality in
JXG. There is still much to be learned about JXG, the
“other” histiocytosis. �

Acknowledgments

The author thanks the many pathologists who not only
shared their cases with me over the years but who were gen-
erous with their time in obtaining the clinical follow-up.

JUVENILE XANTHOGRANULOMAS 591

Am J Surg Pathol, Vol. 27, No. 5, 2003



REFERENCES

1. Adamson HG. Society intelligence: the Dermatological Society of
London. Br J Dermatol 1905;17:222.

2. Arceci RJ. The histiocytoses: the fall of the Tower of Babel. Eur
J Cancer 1999;35:747–69.

3. Bhatia S, Nesbit ME Jr, Egeler RM, et al. Epidemiologic study of
Langerhans cell histiocytosis in children. J Pediatr 1997;130:
774–84.

4. Burgdorf WHC, Zelger B. The nonLangerhan’s cell histiocytosis
in childhood. Cutis 1996;58:201–7.

5. Caputo R, Cambiaghi S, Brusasco A, et al. Uncommon clinical
presentations of juvenile xanthogranuloma. Dermatology 1998;
197:45–7.

6. Cauro F, Houtteville JP, Mesnil JL, et al. Cerebellar, pulmonary
and cutaneous localizations of juvenile xanthogranuloma. Ann
Dermatol Venereol 2002:129:307–10.

7. Cerio R, Spaull J, Oliver GF, et al. A study of factor XIIIa and
MAC 387 immunolabeling in normal and pathologic skin. Am J
Dermatopathol 1990;12:221–33.

8. Chang MW. Update on juvenile xanthogranuloma: unusual cuta-
neous and systemic variants. Semin Cutan Med Surg 1999:18:195–
205.

9. Chang MW, Frieden IJ, Good W. The risk of intraocular juvenile
xanthogranuloma: survey of current practices and assessment of
risk. J Am Acad Dermatol 1996;34:445–9.

10. Chang SE, Cho S, Choi J, et al. Clinicohistopathologic comparison
of adult type and juvenile type xanthogranulomas in Korea. Der-
matology 2001;28:413–8.

11. Chang SE, Choi JH, Sung KJ, et al. A case of juvenile xantho-
granuloma arising on a nevus sebaceus. Am J Dermatopathol 2001;
23:347–50.

12. Claudy AL, Misery L, Serre D, et al. Multiple juvenile xantho-
granulomas without foam cells and giant cells. Pediatr Dermatol
1993;10:61–3.

13. Cohen BA, Hood A. Xanthogranuloma: report on clinical and his-
tologic findings in 64 patients. Pediatr Dermatol 1989;6:262–6.

14. Eggli KD, Caro P, Quiogue T, et al. Juvenile xanthogranuloma:
nonX histiocytosis with systemic involvement. Pediatr Radiol
1992;22:374–6.

15. Farrugia EJ, Stephen AP, Raza SA. Juvenile xanthogranuloma of
temporal bone: a case report. J Laryngol Otol 1997;111:63–5.

16. Favara BE, Feller AC, Pauli M, et al. Contemporary classification
of histiocytic disorders. Med Pediatr Oncol 1997;29:157–66.

17. Freyer DR, Kennedy R, Bostrom BC, et al. Juvenile xanthogranu-
loma: forms of systemic disease and their clinical implications. J
Pediatr 1996;129:227–37.

18. Hautmann RE, Bachor R. Juvenile xanthogranuloma of the penis.
J Urol 1993;150:456–7.

19. Helwig EB, Hackney VC. Juvenile xanthogranuloma (nevoxantho-
endothelioma). Am J Pathol 1954;30:625–6.

20. Hernandez-Martin A, Baselga E, Drolet BA, et al. Juvenile xan-
thogranuloma. J Am Acad Dermatol 1997;36:355–67.

21. Hidayat AA, Mafee MF, Laver NV, et al. Langerhans’ cell histio-
cytosis and juvenile xanthogranuloma of the orbit. Radiol Clin
North Am 1998;36:1229–40.

22. Hoeger PH, Diaz C, Malone M, et al. Juvenile xanthogranuloma as
a sequel to Langerhans cell histiocytosis: a report of three cases.
Clin Exp Dermatol 2001;26:391–4.

23. Iwuagwu FC, Rigby HS, Payne F, et al. Juvenile xanthogranuloma
variant: a clinicopathologic case report and review of the literature.
Br J Plast Surg 1999;52:591–6.

24. Janney CG, Hurt MA, Santa Cruz DJ. Deep juvenile xanthogranu-
loma: subcutaneous and intramuscular forms. Am J Surg Pathol
1991;15:150–9.

25. Jimenez-Heffernan JA, Hardisson D, Gutierrez J, et al. Rosai-
Dorfman disease and juvenile xanthogranuloma. Pediatr Pathol
Lab Med 1997;17:527–30.

26. Kawashiri S, Kumagai S, Nakagawa K, et al. Juvenile xantho-
granuloma occurring in the oral cavity: case report and histopath-
ologic findings. J Oral Pathol Med 1997;26:484–7.

27. Kraus MD, Haley JC, Ruiz R, et al. ‘Juvenile’ xanthogranuloma:

an immunophenotypic study with a reappraisal of histogenesis. Am
J Dermatopathol 2001;23:104–11.

28. Kubota Y, Kiryu H, Nakayama J, et al. Histopathologic maturation
of juvenile xanthogranuloma in a short period. Pediatr Dermatol
2001;18:127–30.

29. Ladisch S, Jaffe ES. Histiocytoses. In: Pizzo PA, Poplack DG, eds.
Principles and Practice of Pediatric Oncology, 4th ed. Philadel-
phia: Lippincott Williams & Wilkins, 2002:733–50.

30. Lazova R, Shapiro PE. Juvenile xanthogranuloma versus Langer-
hans cell histiocytosis (histiocytosis X). Semin Cutan Med Surg
1999;18:71–7.

31. Lieberman PH, Jones CR, Steinman RM, et al. Langerhans cell
(eosinophilic) granulomatosis: a clinicopathologic study encom-
passing 50 years. Am J Surg Pathol 1996;20:519–52.

32. Malcic I, Novick WM, Dasovic-Buljevic A, et al. Intracardiac
juvenile xanthogranuloma in a newborn. Pediatr Cardiol 2001;22:
150–2.

33. Marrogi AJ, Dehner LP, Coffin CM, et al. Benign cutaneous his-
tiocytic tumors in childhood and adolescence, excluding Langer-
hans’ cell proliferations. Am J Dermatopathol 1992;14:8–18.

34. McDonagh JER. A contribution to our knowledge of the naevo-
xantho-endotheliomata. Br J Dermatol 1912;24:85–99.

35. Miszkiel KA, Sohaib SAA, Rose GE, et al. Radiological and clin-
icopathologic features of orbital xanthogranuloma. Br J Ophthal-
mol 2000;84:251–8.

36. Nascimento AG. A clinicopathologic and immunohistochemical
comparative study of cutaneous and intramuscular forms of juve-
nile xanthogranuloma. Am J Surg Pathol 1997;21:645–52.

37. Newman CC, Raimer SS, Sanchez RL. Nonlipidized juvenile xan-
thogranuloma: a histologic and immunohistochemical study. Pe-
diatr Dermatol 1997;14:98–102.

38. Okubo T, Okabe H, Kato G. Juvenile xanthogranuloma with cu-
taneous and cerebral manifestations in a young infant. Acta Neu-
ropathol 1995;90:87–92.

39. Prasil P, Cayer S, Lemay M, et al. Juvenile xanthogranuloma pre-
senting as obstructive jaundice. J Pediatr Surg 1999;34:1072–3.

40. Rampini PM, Alimehmeti RH, Egidi MG, et al. Isolated cervical
juvenile xanthogranuloma in childhood. Spine 2001;26:1392–5.

41. Reittner P, Flint JD, Muller NL. Juvenile xanthogranuloma with
tracheal and bronchial involvement. AJR Am J Roentgenol 1999;
173:247–8.

42. Rodriguez-Jurado R, Duran-McKinster C, Ruiz-Maldonado R. Be-
nign cephalic histiocytosis progressing into juvenile xanthogranu-
loma. Am J Dermatopathol 2000;22:70–4.

43. Sanchez Yus E, Requena L, Villegas C, et al. Subcutaneous juve-
nile xanthogranuloma. J Cutan Pathol 1995;22:460–5.

44. Sangueza OP, Salmon JK, White CR Jr, et al. Juvenile xantho-
granuloma: a clinical, histopathologic and immunohistochemical
study. J Cutan Pathol 1995;22:327–35.

45. Saravanappa N, Rashid AMF, Thebe PR, et al. Juvenile xantho-
granuloma of the nasal cavity. J Laryngol Otol 2000;114:460–1.

46. Satow SJ, Zee S, Dawson KH, et al. Juvenile xanthogranuloma of
the tongue. J Am Acad Dermatol 1995;33:376–9.

47. Schultz KD Jr, Petronio J, Narad C, et al. Solitary intracerebral
juvenile xanthogranuloma: case report and review of the literature.
Pediatr Neurosurg 1997;26:315–21.

48. Shapiro PE, Silvers DN, Treiber RK, et al. Juvenile xanthogranu-
lomas with inconspicuous or absent foam cells and giant cells. J
Am Acad Dermatol 1991;24:1005–9.

49. Sonoda T, Hashimoto H, Enjoji M. Juvenile xanthogranuloma:
clinicopathologic analysis and immunohistochemical study of 57
patients. Cancer 1985;56:2280–6.

50. Suvarna SK, Cotton DW. Dermal dendrocytes and other factor
XIIIa-positive cells. J Pathol 1993;171:251–2.

51. Tagawa T, Inui M, Murata M. Palatal juvenile xanthogranuloma: a
case report. Int J Oral Maxillofac Surg 1996;25:453–4.

52. Tahan SR, Pastel-Levy C, Bhan AK, et al. Juvenile xanthogranu-
loma: clinical and pathologic characterization. Arch Pathol Lab
Med 1989;113:1057–61.

53. Tomaszewski MM, Lupton GP. Unusual expression of S-100 pro-
tein in histiocytic neoplasms. J Cutan Pathol 1998;25:129–35.

54. Webster SB, Reister HC, Harman LE Jr. Juvenile xanthogranu-

L. P. DEHNER592

Am J Surg Pathol, Vol. 27, No. 5, 2003



loma with extracutaneous lesions: a case report and review of the
literature. Arch Dermatol 1966;93:71–6.

55. Weiss SW, Goldblum JR. Enzinger and Weiss’s Soft Tissue Tu-
mors, 4th ed. St. Louis: Mosby, 2001:459–68.

56. Yamanaka K, Suita S, Kakumori S, et al. Juvenile xanthogranu-
loma of the pelvic origin: a case report. Eur J Pediatr Surg 1995;
5:246–7.

57. Zamir E, Wang RC, Krishnakumar S, et al. Juvenile xanthogranu-
loma masquerading as pediatric chronic uveitis: a clinicopatholog-
ic study. Surv Ophthalmol 2001;46:164–71.

58. Zelger B, Burgdorf WH. The cutaneous ‘histiocytoses.’ Adv Der-
matol 2001;17:77–114.

59. Zelger B, Cerio R, Orchard G, et al. Juvenile and adult xantho-

granuloma: a histologic and immunohistochemical comparison.
Am J Surg Pathol 1994;18:126–35.

60. Zelger BG, Zelger B, Steiner H, et al. Solitary giant xanthogranu-
loma and benign cephalic histiocytosis: variants of juvenile xan-
thogranuloma. Br J Dermatol 1995;133:598–604.

61. Zimmerman LE. Ocular lesions of juvenile xanthogranuloma:
nevoxanthoendothelioma. Am J Ophthalmol 1965;60:1011–35.

62. Zvulunov A. Juvenile xanthogranuloma, neurofibromatosis, and
juvenile chronic myelogenous leukemia. Arch Dermatol 1996;132:
712.

63. Zvulunov A, Barak Y, Metzker A. Juvenile xanthogranuloma, neu-
rofibromatosis, and juvenile chronic myelogenous leukemia: world
statistical analysis. Arch Dermatol 1995;131:904–8.

JUVENILE XANTHOGRANULOMAS 593

Am J Surg Pathol, Vol. 27, No. 5, 2003


