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Langethans cell histiocviosis {5 a challenging disease and
may be manifested In & vuriety of ways, ranging from a spon-
taneously regeessing solitary lesion of bone to a multisystern,
life-threatening disorder. Some forms reguire litle if any
weatmment, and others need aggressive therapy.' During the
pastdecade, major advances have been macde in defining the
cirucal wad pathelogic orerla needed for diagnosis and
wearment.” * Swndurdization of nomeaclerre has made it
possible o accumulate and record coherent data, and has
clearcd the way Tor a large-scale cooperative intermational
study of the nutural evolution of LCH and its response w
trearment.” These major devalopments in the ofinieal arena
havs bgen complementad by productive reseurch conceraing
the basic nature of the histiocyte and its disorders. Vanous
hypotheses have bean explored—principaily, whether LCH
is a clonal disorder,™ % a cytokina-mediated celiular prolifer-
ation of Langerhans cells, ™' or @ reactive process follow-
ing a viral infection.!t13

The deficition, natorat history, idendfication, diagnosis,
and teatmeni of Laagerhans cel! histiocytosis are seviewed
below in the Hght of the newly estadlished clinical and lab.
oratory Criteria and the Improvements 1n pathologic aad
madical imaging techniques of the past faw years. The
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progress made in busic science research will then be
presented, together wirh a discussion of how thoss findings
affect curment understanding of the disease.

CLASSIFICATION AND NOSOLOGY

The term Aistiocyiosis identifies a group of disorders that
have in common the proliferation of cells of the mononuclear
phagocyte system and the dendrite cell sysrem.!* The iadi-
vidual entiies are diagnosed on the basis of cenain symp-
toms, signs, and laboratory information that, when taken to-
gether, fulfill generally agreed-on criteria for the diagnosis
of that particular disorder. The varicus histiocytoges of

ol Diabetes insipidus

HEV-6  Human hermesvires wae §
LCH Langerhans cell nistiocytosis
PCR Polymweriase chain reaction

childhood are listed in Table L Histiocyres {macrophages)
ang dendeitic cells represent two of the major tvpes of non-
lymphoid mononuclear cells and are involved in immune
and nomimmuns inflammatory responses. The cells of both
sysiers are decived from the bone marrow stem ceil, the
promonceyte. Each of the histocyioses of childhood is
charagierized by localized or generalized reactive or nso-
plastic profiferation of cells similar, if not identical, 1© ons
of these cell types. In the case of LCH, the proliferuting cell
is the Langerhans cell,

Lichrenstein'® first recognized the clinical and pathalogic
characteristics thal the various rmanifestations of the disease
had in common, und proposed that they be grouped under the
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Table 1 Classification of histiocytosis syndromes in
children

Classg Syndrarne
{ Langerhans ¢xll histiocytosis
1l Histioeytosls of mononuclesr phugooyles other

tan Langerhans cedls

Hernophagoeyie lymphehistiocytosis (familial
and reactive)

Sinuy histocytsis with massive lymohadenop-
athy (Rasai-Dortman diseuse)

Juvenile xamhazranuloma

Raticulghistiocyloma

(1t Malignant histiocytic disnrdars

Acute monacytic leekernia (FAB M3)

Mulivnant histiocytosis

True histiceytic lymphoma

Dt frory Writing Group of the Histiocyie Society (Cu T, ' Angio G,
Favara B, Ladisch S, Neabit M, Prichard J). Lancet 1987:1:208-9.

Table 1l. Histiocyiosis X 43 relaied manifestations of a
single nosologie ontity

Eoainophilic granuloma of bonr: luculized disease in bone

Hind-Schiller-Christian disease: subcheonic or chronic disease with
mostly the miad of “zeographic =kult” {from muttiple calvarial le-
sions), axoehthalmos, and dinbetes insipidus

Letgrer-Siwe dixesser scute or subseute disseminuted diseise

Dura trom Licktenstein Lo A M A Arch Pathol 1933:36:84-100.

lerm Adstiocyosiy X (Table T1). The lener X was vsed wo un-
derscore the unknowns conceming the naturz and cause of
the diseasz. Some of thesc uncertaintiss were dispelled by the
next advancs, which was the descrption of the Langerhans
cell and the idantification of the Birbeck grunule, an inclu-
sion body visible on electron microscopy in the lesional
Langerhans cells.® Using the Birbeck granule as a marker,
Rezetof ¢ al.'7 in 1973 reported that the lesions of histiocy-
wosis X were (e resuldt of the proliferation and dissemination
of ahnormat histiccytic cells of the Langerhuns cel! $ystam;
consequantly the name of the disease was changed to Lang-
erhans ceil histioeyrosis, 'S

SIGNS AND SYMPTOMS

Langerhans cell histiocytasis can oceur in persens rang-
ing in age from newborn o elderly; the peak incidence oc-
curs between | oand 4 years, Reliuble data on the annual
incidence are difficil to gather, bur the frequency in the pe-
dialrie ags range has begn estimared at 2 1o 3 per million per
year.¥ In most studics LCH occurs almost equally in mals
and female subjects, with 4 small preference for male sub-
J&Cts, “The diseass is probably vnderdiagnosed, the bone le-
stons being symptomless, painful lumps frequently ascribed
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Table . Categorization of LCH patients according 10
disease exent

b, Restricrsd Langerhans cell histiocytusis
a. Biopsy proved skin rash without any other site of involvement
b. Monostoiic lesions, with or without diabetes insipidus, adjacent
lymph node invelvement, or skin rash
. Polyostofic lesions, eonsisting of fesions in saveral bones or more
than (wo lesions in one bone, with or without diabetes nsipidus,
adjacent lymph nade involvement, o skin rash
2. Extensive Langethans cell histiocytosis
a, Viseeral orgen involvement, with or withowr bone lesions, diabe-
tes ingipidus, adjacent Jymph node involveraent, andéor skin eash,
bat withous signs of organ dysfunstion of any of the following
Qrgan systerms: lung, tiver, or hemopoiehic sysiem
b. Vizcerul orgun involvement, with of without bone besions, diabe-
tes insipidus, adjacent lymph rade involvement, zad/or skin rash,
bt wirh sigs of organ dysfurction of any of the following orgoun
systemns: fung, liver, or hematopoistic system

1 rauma. Mild skin disease, ofien involving the scalp, may
be mistaken for seborrheic cozema.™®

The merbidity aad prognosis of LCH are strongly dapen-
dent on the number of organ systems involved,®! and on
whether normal function of those organs is affected. The
diseass can be divided into rwo broad categories with sub-
sers: restricted and extensive (Table IT). This working cat-
egorization can be used for prognostication and for guidunce
in patient management, The subsets are ranked in order of
increasing chances of that morbidity will develop. Patients
with organ dysfunction have a poor prognosis as well, be-
cause dyvsfunction of cririeal organs, rather than organ
involvernent per se, 1s most important in predicting oul-
coma.?” Besides these initial clinical feanures of the disease,
thie outlook for patients with LCH depends on the age of the
patieal at diagnosis and the rate of disease progression.?!
Imaging apnormalities identified in lung, liver, the hemato-
poletic system, or other organs are net sufficient evidencs of
dystunction, This polntis especially impernant because of the
increased semsifivity of modem imaging methods. For
example, magnetic resorance imaging of the skull may show
extradural corpression of the underlying brain from iuter-
nal promusion of skull lesions. In the absence of clnical
signs, however, this'finding does not have implications re-
garding clinical mansgement beyond those indicated by
demonstration of the bony defect by plain X-ray studies.
Lahey,” in pioneering studies, required objective manifes-
tations, and his criteria still hold. For the lung, they include
cough, tachypuaea or dyspnea or both, cyunosis, pneumotho-
rax, or pleural effusion atributzble 1o the disease rather than
t0 superimposed infection. Liver dysfunction requires one or
more of the following: hypoprotsinemia, edema, zscites, and
hyperbilirubinemia; and for the hematopoietic sysiem ane-
mia {not caused by iron deficiency or superimposed infec-
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tion}, leukopenia. neulropenia, or thrombocytopenia. The
presence of exeessive numbers of Langerhans cells in the
marrow aspirale is not by iself considered evidence of dys-
function.

Magnetic resonance imaging provides no great advantage
in showing bone lesions, In this respect, the recendy de-
scribed method of immunoloculization of LCH in which
CDlatargeting was possible, secms promising. Kelly etal ®?
administered iﬁtravenous!y an indiom [!l-labeled murine
monaclonal antibody against CDIa antigen, which s present
on the cell surface of Langerhans cells, They demonstrated
that the anti-CD{ monoclonal antibody NAI1/24 could be
delivered to sites of disease activity in patients with LCH,
especially with respect to bony disease. Expansion of this
work is awalted with interest.

The involvernent of cach of the organs will be described
separately, but in the extensive forms of LCH, muliple or-
gans may be affected.

Bone lesions, Bone lesions are found in almost all pationts
with restricted or extensive LCH. Painful swelling 15 the
mest common initdal sign, the skull being the bone affected
most often, fellowsd in frequeacy by the long bones of the
upper extremites and then the flat bones (ribs, pelvis, and
vertebraz)> There may be adjucent soft dssue swelling.
Oldzr chitdren and young adults are more commonly af-
fected. A plain rediograph typically reveals single or muli-
pla irregutarly marginated lytic lesions of bone; proptosis
from lesions of the orbital wall may aiso be presant. When
the mastold process is involved, the findings can mimic
mastoiditis. Extension to the middle ear causes destruction
of the ossicles and deafhess. T.CH of the jaws is often asso-
ciatad with contiguous soft tissue swelling, ““floating”’ teeth,
gingival swelling, fractures, or pain. In the spine, the lytic
process can result in comprassion and collapse of the verte-
bral body, causing vertebra plana,

Skin. Cutaneous lesions are often the firstsign of LCH and
fraquently become manifast as scaly, erythemaious, sebor-
thea-like brown 1o red papules, especially pronounced in in-
tertriginous zones (behind the ears and in the axillary,
inguinal, and perineal arcas). Superficial uloeration is a sec-
ondary process; weeping tesions stmilar 10 eczema are then
secn When the skin is the only organ involved. the patient
is usually 2 male inTaar fess than { year of age, and sponta-
ne0us regTession cecurs frequenily. Skin lesions may be the
sole manifestation of LCH, but carcful assessment is neaded
w0 ensure thar they are not part of more sxtensive disease.
Typical LCH occurs in the skin of adulis, bur some exam-
ples of atypical lesions suggest thar the disease may some-
times be dilferent in older patents. Cases of this type (adult
type} possibly are examples of large cell lymphoma with a
Langerhans cell-like phenotype in some instances, ™

Lymph nodes. Lymph node involvement in LCH may be
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Table V. Confidence levals for the diagnasis of cluss 1
Langerhzns call histiosyiosis

1. Presumprive dingnosis: lght motphologic sheraeteristics
2. Desiznated diugnosis
& Light morphologie featwres plus;
b. Two or more supplemenzal positive smins for:
(1) Adenosenetriphosphatase
{2) 5-100 protein
(3) we=Mannosidase
{4) Peanut tectin
3. Definitive diagnosis
. Light morphologic churaciedstics plus:
b. Bubeck granules in the lestonal el with elecron microscopy
andfor;
c. Seining postiive for CDla antigen {T6) on the lesional cell

Data from Writing Group of the Histocyte Society {(Chu T, I¥ Angio (G,
Favara B, Ladizch 8, Neshir 3, Pritchard J. Lancer [987:1:208-9.

ssen with restricted bone or cutaneous lesions, or as purt of
the extensive type. Cervical bymph nodes are affected most
ofien and may reach massive size.

Bone marrow, Langerhans cells do not appear to be a
normal constitucnt of the bone marrow, although other den-
dritic cells can be seen. Pancyiopenia caused by bone mar-
row dysfunction is useally associated with gross hepatosple-
nomegaly and 4 poor prognosis.®®

Liver and spleen. Hepatosplenomegaly in the patient
with LCH requires erudite probing. It may herald the pres-
ence of orzan involvement by LCH, or it may indicate ob-
smuctive disease caused by enlarged nodes in the pona
hapatis. Both can lead o billary clrthosis. Hepatomegaly in
& patient with LCH may also reflect Kupffer cell hypertra-
phy and hyperplasia as an indicator of generalized activation
of the cellnlar immune system, without direct LCH involve-
ment or obsiTuctiva h:‘:pazopathy,” Ascites caused by hy-
poalbuminemia is a clinical sign of lver dysfunction, which
may aiso be manifesied by jaundice and a prolonged
prothrombin ime, The pathoiogic panerns range from mild
cholestasis to more severe hisiocytic infiliration of portal
arezs with evidence of hepatocellular injury and bile duct
trvolvement, which can finally progress to sclerosing chol-
angids, severe fibrosis, biliary cirrhosts, and liver failure,
Mistologically there is poral infiloation with CD1a* Langer-
hans cells, un important LCH marker (Table IV), bur Birbeck
granules are rarely present. Enlargement of the spleen may
be an additional factor responsible for the depression of ons
ar moee of the circulating cellular elements of the blood,

Lungs. Pulmonary LCH can occur at any age; it is most
common during the third decade, Tachypnea with rib tetrac-
tion i often the only clinical sign, but fever and weight loss
may become prominent. The diagnosis, which is suggested
by a diffuse micronodular pattern on chest films, can easily
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be confirmed by clectron mieroscopy of the alvestar floid
obiained by bronchoalveolar tavage * The respiratory tract,
like the lymph nodes, normally contains low aumbers of
Langerhans eells, so the eytologic material must be avaluated
cauttously. Within an appropriate clinicoradiographic set-
ting, numbers are imporiant: There must be many Langer
hans cells to suggest a diagnosis of LCH because the hisio-
pathologic presence of Langerhans cells in the bronchoalve-
ofar lavage fluid alone is insufficient evidence 10 make the
diagnosis.? Aucrswald et ah?® state that all patients with
histologically proven LCH have more than 5% CDI* cells,
whereas normally this amount should be less thar 19 CD1*
lavage cells, With time, increasing numbers of cysts form
“"honeycomb lungs™ and, in later stages, large bullae. A
spontanecus pneumathoray can resuli from rupture of an
undetlying bulla. Emphysemaroug changes, along wiih
increasing umounts of interstitial fibrosis, may oceur in the
final phase of pulmonary LCH.* There is 4 strong link be-
tween smoking and the primary putmonary LCH seen in pa-
tients, 3! This type of LCH (smoking related) appears 1o dif-
fer distinetly from lung involvement seen in early childhood.

Gastrointestinal tract. Recause gastrointestinal involve-
ment by LCH seldom produces prominent clinical manifes-
tatians, its frequency is often underestimated. The most
common sign is failure to thrive”, which is caused by
matabsorption. Other symptoms include vomiting, diarthea
with or without blood, ard protein-losing enteropathy. [n
most cases there is radiographic evidence of afternating di-
lated and stenotic sezments ir the small and larga bowel, but
endoscopic examination with biopsies is needed for dizgno.
sis.?

Thymus, The role of the thymus {n LCH, if any, is deba-
able.* Thymic enlacgement may be obvious on chest X-ray
studies. The gland, which may be the only site of disease. is
affected prominently in a high percentage of the patients who
have died of LCH, as seen at autopsy. ™

Endocrine glands, Diabetes insipidus, the most common
endocrinopathy, cas oceur before, concurrently with, or
subsequent to the development of lesions in exeracranial
sites. Confirmation of the diagnosis by an appropriate water
deprivation test and by measurement of udnary arginine va-
sopressin is essential because partial defects may occur and
may spomianecusly remit?® DI develops more often in pa-
tiepts with bone disease that affects the skull; furthermore,
it is more common among patients with extensive dissase
than antong those with tesions apparently confined to bone 23
Previously, x-ray and compuied tomographic examinations
wete not rewarding in patients with DI; now, however, 2a-
dolinjum-¢nhanced magnetic resonance imaging has proved
10 be revealing. Thickening of the hypothalamic-pituitary
stalk region {>2.5 mm), ubsence of the posterior pituitary
“bright™ signal in Tl-weighted images, or both, are com-
moaly seen ?® A word of cantion is needed, however, before
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& cause-and-effect explanation is assigned to these findings.
Identical changes have been reported by Imura et al?” in
adults with idiopathic DI, who do not have and never have
had LCH.

Growth retardation resulting from anterior pituitary in-
volvement and growth hormone deficiency is seen in fewer
than 1% of patients.*® Growth faiture in children with LCH
is nonetheless censidered common,®® which suggests g mul-
tfactorial basis in most patients. Occult gut involvement,
which causes malabsorption, and comicosteroid weaimont
are contributory Causes. Most patients have catch-up growth
ance the disease remits. A long-term follow-up study in
Rotierdam found no differences in height compared with that
of contral children,®

Central nervons system.® Acuee signs of central nervous
system invelvement, such as intracranial hyperiension or
seizures, are rare. Progressive staxia, dysarthria, nystagmus,
hyperreflexia, dysdiadochokinesia, dysphagia, blurred vi-
sion, or cranial nerve deficits can develop, at times years af-
wr the original diagnosis of LCH,*! but they are nat common,
Though LCH can affect the brain,* carly data were derived
from seatic evidence obtained from biopsy or autopsy spec-
imens, The advent of magnetic resonance imaging has added
immeasurably 10 our understanding of the process; affected
arcas appear as bright signals on T1-weighted images,®
Thus the areas of early involvement can be identified clearly,
whereas the findings on computed torgography scans were
often ambiguous. Moreover, the parem of spread can be
foliowed in patients with progressive disease, These lesions
are largaly symmetric and most often are first seen in the
cerebellum, afier which they move snteriarly to affect the
paraventricular cerebral white matier. Biopsy specimens of
such areas show histiocytic ipfiltrates with xanthomaious
changes. Most of these histiocyies were phenotypically akin
to ordinary macrophages: however, a few histiocytes had the
typical phenotype of Langethans cells. Birbeck granules
were seen by electron microscopy in only 1 of 13 patients*;
unfortnaiely there was no information on the presence or
absence of the CDla antigen. Brain involvement of this ype
is found more commonly in patients with DI and skull de-
fects, which may precede the CNS manifestations.

DIAGNOSTIC STEPS

The Writing Group of the Histocytic Sestaty, an interna-
tional body, cutlined in 1987 the morphologic, immunohis-
techemical, and clinical criteria required for the diagnosis of
LCH and the other histiocytic disorders in children.? The
various entities were grouped as follows: LCH as class 1, the
histiocytasss of mononucleur phagocyies other than Langer-
hans cells us ctass H, and malignant histiocytic disorders as
class Itk The Histiocyte Society® also published confidence

*3¢e also the discussion of D, in the section on endocrine zlands, sbove.
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Figure. A, Nucleus {arrew) of Langerhans eell is often folde
chromatin patern.™ B, Precise idensification requires cytoche
beck granules {arrow}, These organeties are cytoplasmic lam
minal vesicular dilation, which gives it the so-calied 1ennis

levels for the diagnosis of LCH (Table [V). These standards
have been widely adopted for diagnosis, patient manage-
ment, and research,

Hematoxylin-cosin-stained Langerhans cells typically
have a moderate amount of homogeneous, pink, granutar
cytoplasm and distinet cell margins* (Figure), but precise
identification requires more detail (Table IV}, Definitive di-
agnosis rests on demonstration of the immunoeytochemical
features of the Langerhans cell or on eleciron microscopic
demonstration of Birbeck granules in the cytoplasm!® (Fig-
ure), Besides the presence of Birbeck granules, CDa pos-
itivily is the other requirement for definitive diagnosis. It
must be recognized, however, that because LOH may rep-
mesent a spectum of Langerhans cell maturation, alt mark-
ers may nol be present in every case.

The finding of conventionally processed tissue that reveals
lesions consistent with those defined in the literature is now
designated 2 ““presumplive diagnosis.”” The benefiss of ac-
curale communicaton among physicians and of the com-
parison of results obtained by varlous treatment cenzars aze
self-evident. An additional tmportant consequence of this
mternational “‘histiecytic language” has been to facilitzre
large-scale cooperative studivs of the natural evolution of
LCH and its response to traatment.

THERAPY

Treamment of patients with LCH depends on the extent of dis-
ease. The number of organs involved and the implications of
that involvement are of governing importance. When paticnts
are assigned 1 ane of the wo categories described sbove {Ta-
ble D), the prognosis is excellent for those with restricted pre-
senuations. It is guarded 1o ominous for those with extensive
LCH, especially for paticnts with organ dysfunctor.
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d. indented, or polylobulated and has an irregulur granular
mical features or electron microscopic demonsteation of Bir-
wllar plates with a ¢enteel striated line and an occasional ter
racket appearance,

Restricted Langerhans cell histiocytosis. Patients with
apparently restricted LCH need careful staging of their dis-
£45¢ {0 ensure that the lesions are not part of 4 more exten-
sive process. The clinical course is generally béhign and
spontaneous remissions are comimon,

The weatment of patients with LCH apparently localized
to the skin is patient dependent. Initially, trearment may be
unnecessary because in many cases, mainly in infants, the
lesions regress spontancously. The first siep in Ureatment is
the application of iopical steroids; if the lesions are unre-
sponsive, resolution usually can be obtained with mild Sys-
ternic chemotherapy. Topical nitrogen mastard™ or irradia-
gon'? also has been used with success in patients who
disease is resistant 10 other forms of therapy,

A single bong lesion tends o resolve spontanequsly dur-
ing a peried of months © years, Biopsy of the lesion, nec-
essary to confirm the diagnosis, may initiate healing with or
without curentage. Criteria for addirional wreatment include
intense pain and the threat of uracceptable deformity or dis-
ability, such as bone growth impairment, fracrre, loss of
hearing (from temporal bone involvement), or Joss of
permanent teeth (from maxiltary or mandibular disease). In-
tralesional infiltration of corticosteroids, sither as adjunctive
therapy for extensive LCH with bone involvement or s pri-
ary therapy for the monostotic form, hus been reported 1o
be effective, convenient, and safe.*” Radiatjon therapy in low
doses (150 cGy/day for 4 days) has also been used for this
purpose, usially when other measures have failed. 19

When oaly lymph nodes are invelved, the PropRoss is fa-
vorable and most patients recover, usually withous therapy.

One of the chailenges in LCH mangagement arises when
4 patient who was seen becanse of {ocalized pain or a lump
is then found o have muliple bone lesions, Some physicians
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prefer cureizage of one or more lesions: others instill corti-
costeroids, In Roteedam, The Netherlands, after the diagno-
$is has been established by biopsy of the largest fesion, the
patient is scen frequemty in the outpatient clinic: half of the
patients are found not to need systemic therapy because the
lesions heal spontaneously.

Extensive Langerhans cell histiocytosis. The approaches
to the treatment of extensive LCH with or withowt organ
dysfunction have been abmost as varfed 25 the clinicul maa-
ifestations of the disease. Most patients have been treated
with systemic chemotherapeutic agents because of the Pro-
gressive nature of generalized LCH. An interesting and con-
servative approach was reported by McLelland et al, * who
reserved Systemic reatment for overtly iil patients, to whom
a short course of prednisolone was given. Thus 23 of 44 pa-
tients with extensive disease were not tr2ated with cytotoxic
drugs; 8 of the 25 did not require systemic therapy, and the
remaining 17 patients were given only prednisolona, These
tesults compare favorably with these reported afier more
aggressive approaches. ™ Patients with extensive disease but
without argan dysfunction will especially benefit from this
approach, becauss their outloek is favorabls,

Studies have demonstrated the efficacy of a variety of
chemotherapeutic agents, ¢ither as monotherapy or in com-
Bination. These agents inelude (in alphabetic order) chloram-
bucil, eyclophosphamide, cytarabine, daunomycin, ©10p0-
side, mercaptopurine, methowexae, meshiorethamine
{nitrogen mustard), procarbazine, vinblastine, and vinerise
tine, all with or without the use of corticosteroids.® Thase
dnigs have been shown to be effective, at feast temporarily,
in 50% o 60% of the patients weated. The validity of some
older reports has been questioned; most if not all of these
early studiss reported only initial responses and did not aive
the foliow-up information necessary to evaluate the impact
of therapy on survival, There are also considerable doubts
inherent in the review of clinical wials that were conducted
for more than half & centucy in 4 variety of clinicat semings
and that were bused on less than strict clinical and pathologic
dizgnostic criteria, Furthermore, comparisons of results ab-
tained by drugs not assessed by the randomized trial mech-
anism are open ko many uncertaintzs, For these reasons, an
international randomized clinical srudy, organized through
the auspices of the Histioeyte Society, was initiated in April
19419 It is designed 1o examine the risks and benefits of
vinblastine versus etoposide, two agents widely used in
mederate- to high-risk paticnt populations, The two groups
will be compared with respect 1o rates of disease response
and resurrence, morbidity, &nd early and late togic effects,
including possible oncogenesis.

The symptoms of diabetes insipidus can be treated with

*These ageats fuve been reviewed by Egeler und Neshit, ™ and the infer-
@sted reader is seferred thereto, A detaibed reference Tist is also availeble on
renuest.
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desmapressin (1-desamino-8-0-arginine vasopressin). The
cffect of LCH systemic therzpy on the appeurance or
progression of DI has not yet been established (see below),

Several advances in the management of LCH with the
above-mentioned conservalive therapics have been made.
Improved treatment, however, is required, and several new
sirategies for ¢ither immunoregulatory or cytoioxic therapy
are uader study, The recently desceribed therapeutic sffect of
cyclosporine is among the more promising findings in
patients with extensive LCH and organ dysfunction not re-
sponsive 1o conveational therapy,*® The rationale for using
cyclosporine arises from its immunosuppressive and immu-
nomodulatory effects, by selective inhibition of the cellular
immune fesponse and cytokine-mediated cellular activation,
2-Chlorodeoxyadenosine, which is patently toxic to mono-
cytes, both in vitro and in vivo,*® has been used successfully
in the treatment of a patient with LCH refractory 10 conven-
tional chematherapy.® This agent might provide both a gpe-
cific cytotoxic effect and a means of controlling immune-
mediated cytokine relgase, Monoclonal antibody therapy,
reported by Kelly and Pritchard,®? also is of great interest
both as a cytotoxin and as an immuaoregulator, These au-
thors have used the specificity of a monoclonal antibody di-
reeted against the CD1a antigen on Langerhans cells. These
new approaches serve as excellent starting points for futuge
development of effective therapics.

FOLLOW.UP AND SEQUELAE

The sequelaz and late effects of reatment are dependent
on the varied “*natural history’* of LCH itseif and on the
original signs and symptoms that dictate the intensity of
treatment. Comparing morbidity among series has always
been hampered by the lack of uniformly accepted schedules
and methods of evaluation, This problem has largely been
overcome by the standardized criteria that make accurate
comparisons possible® (Tables VA and VB).

Late sequelae of the disease and its ueatment seem to be
more frequent *han originally expected, The few studics
focused on late-cffects report rates ranging from 33% to
50%:% 333 The umoward sequelag include inielicctual
problems, neurologic symptoms, endocrine abpormalities
{such as DI and growth failure), and orthopedic disabilities.
‘There is no gvidence that prolonged treatment prevents these
sequetae, with the possible exception of diabetas insipidus,
There was 2 36% incidence of DV in patients treated congers
vatively (i.e., symptomatically) by McLelland et al.*® This
can be compared with the 15% overall frequency in the 106
¢hildren reported by Giadaer ¢t al.,>® who treated all paticnts
with multiple-agent chemetherapy snd continuzd *‘maiate-
nance™ treatment for 2 years, With the éxclusion of six pa-
tigents who had D at dingnosis, only 10 (10%) of the
remaining 100 children given prolonged therapy subse-
quently had that complication,

There is 2 need to find the most effective and least toxic
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Table VA. Laboratory and radiographic investizations to be carried out when LCH s suspected

Follow-up fest interval when argan systom is:

Invesiigation invelved Not invelvad Monastotic laston
Laboratory evaluation
Flemoglobin and/or hematoeric Montily Every 6 mo None
Leukocyte caunt and differential gell Monthly Every & mo Nong
count
Platetat ¢ount Monthly Every 6 mo None
Liver-function tests (ALT, AST, Monthly Every 6 mo Maone
ALP, bilirubin, rotal protein and
atbumin}
Coagulation studies (PT, PTT, Monthly Every & mo None
fihrinagen}
Urine osmolality measurernent afier Every 6 mo . Every 6 mo None
overnight water deprivation
Rudiggeaphic evaluation
Chest radiographs, posierounterior Nonthly Every 6 mo None
and tateral
Skeletal radiograph survey Every 6 mo None Once at & mo

Data feom Clinical Wrting Geoup of the Histioeyte Saciety (Broadbent V, Gadner H, Kemp DM, Ladisch $. Med Pedint Qneel 1989;17:492-5).
ALT. Alumine Teamswminase; AST, aspartae Gransaminasa, ALP, alkaling ghosphatise; FT, prothrombin simé; FT7, partial theomboplasiin lime.

Table VB, Laboratory and radiographic investigations 1o be carried out on specifie indigation of LCH

Test indicafion Follow-up st
Bone marow aspimte and Lephing Ancmia, lsukopenia, or At 6 mo
hiopsy Hrombocytopenia
Pulmonary function 1¢sts Abnormal chest, radiograph, tachypoea, Every 6 manths
intercostal (gteactions
Lung biopsy: preceded by Patients with abnormal chest Nona
bronchoalveclar lavage, when radiographs in whom chemotherapy is
avaitable; when diagnostic obviates baing considered; to exclude
the fung bicpsy opportusistic infsction
Simull bowel series and biopsy Unexplained chroni¢ diuriea or failure None
10 thrive, evidence of malabsorption
Liver biopsy Liver dysfuncticn, including To ba performed if and when all other
hypoproteinemia not caused by discass has sesalved, but liver
prol¢inslosing enteropathy. 1o dysfunction persists, te distingish
differentiate active LCH of the liver cirrhosis from continuing LOH
from ¢irrhosis
CT sean of brainhypothalamic-piniey Hormonal, visual, of neurclagic Every 6 mo
axis, with iInuavenous COMMIst abnormalities
enhancement (MR preferabie)
Pancramic deatal radiography of Orat involvernent Every 6 mo
mandible and maxilln; orul surgery
consklation
Endecring evaluation Shor stature, growih Dilure, diabstes None
insipidus, hypothalamic syadromas,
salactorches, precocious of delayed
puberty; CT or MRI abnormality of
hypothalamus/pituttary
Osolaryngology consuliation und Aural discharge, deafness Bvery & mno
audicgram

Dana from Clinical Writing Group of the Histiocyte Socicty (Brouadbent V, Gudner H, Komp DM, Ladisch 8. Med Pediatr Oneol 1989;17:492-3),
¢, Computed tomography; MR/, magnetic resominee imaging.

therapy for LCH in each of its several manifestations. Evi- topoisomerase inhibirors such as etoposide.”® The risk/ben-
dence implicating amtineoplastic therapy as 2 cause of sec- efit ratio in the use of chemotherapy or radiotherapy or both,
ondary malignancies has recently been recognized57 and in- and the mannar of their use, need 1o be weighed carefully.

cludes the possible leukemogenesis associated with type 11 Patients in whom the morrality rate can reach 50%°? should
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not be denied treatrnent for fear of a léss than 3% incidence
of therapy-related second malignancies: the basic disease
without effective therapy poses a much areater risk. Even so,
studies are under way [0 minimize the leukemogenic risk of
effective drugs such as eoposide through changes in dosage
and scheduling.

PROGRESS IN BASIC RESEARCH

Although the cause s sall unknown, investigative re-
search in three major fields has advanced the understanding
of LCH and has provided new insights 1o stimulate further
biplozic and clinical investizations of the disease.

LCH: a neoplastic or a reactive clonal disorder? For
decades it has been thought that LCH is a reactive profifer-
ation rather then a neoplastic process (e.¢., because mitotic
figures are sparse or absent®), In an attempt (o quantify the
percentage of ¢ylologic atypia and mitotic activity in LCH,
Risdalt er al.!® reviewed 31 cases and found mild cytelogic
atypia in half. The mitorie rates were low, ranging up © 23
per 10 high-power fields, with a median of 2, The DNA
content anatysis of LCH cells by flow cytomewy has not
shown aneuploid subpogulations in most of the patizats
studied.® However, DNA aneuploidy éan appear sporadi-
cally in the lesions of a panicular patient.®- €2 It remains 1o
be seen whether sporadic ansuploidy is of any value in in-
dicating the course and oucome of the disease.

With progress in exploring the basic nature of the histio-
cyte and its disorders, recent lnboratory studies have dem-
onstrated that the cells in some forms of LCH are clonat ex-
pansions. Wiliman et al.> swdied the clonality of fesions
from 10 fernale subjects with the use of four different
K-linked polymorphic probes. Clonal histiocytes were de-
tectad in the lesions of 9 of the 10 patients, 3 of whom had
rastricted disease of bone and & 4 form of exiensive disease
with or without organ dysfunction. In the wath parient the
clonality could not be nterpreted with confidence. The
clonality of cells from LCH lesions, fiest identified by Will-
man ¢t al..” was later verified by other investigators in three
additional patienats with extensive disease. Yu et al.f used
isolated CDla* LCH cells from the lesional tissues of thres
previousty untreated female subjects affected with general-
ized LCH, and in each case the sorted “LCH'" ¢ells were
purely clonal. The number of patients studied i3 still small,
and these early observations need to be substantiated in ps-
tients with LCH across the spectrum of disease. The results
so far are compatible with the hypothesis that LCH is a clonal
neapiastic disorder arising from somatic mutations, and that
these mutations cause the clonzl expansion of Langerhans
cells or thelr precursors in the bone marrow and other organs.
However, clonal protiferation of rare progenitor cells resi-
dent in or attracted to lesions in response 1o cytokines may
produce a nonneoplastic clonal prolfiferation of histiocytes. '
“Clonality’* therefore does not necessarily indicate a ma-
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lignant process; clonal cells have been detected in several
disorders that are pot malignant® A key question that
remains is whether ““clonality™” bas therapeutic implications.

LCH: a cytokine-mediated disorder? Cytokines, solu-
ble secretory products of lymphocytes und manotytes, reg-
ulate ceil growth and differentation of immunocompetent-
and hematopoietic stem cells by binding (0 specific recep-
1015 on target cells, Activaiors can cause these cells o releuse
some cyvokines or to cease secreting others, which feads w
cell wmnsformation, peoliferation. phagocytosis, and other
functions. This compléx patier is referred 10 as activation.”
Hisdocyres, including dendritic celis, are subject o *down”’
or “up'* regulation by activitors—hencs: the hypothesis that
LCH may be cytokine related. The disease is associated with
unexplained, aberrant behavior of Langerhans cells, which
are normally responsible for firsi-line specific immunologic
defense in the skin. On contact with foreign matenal (and-
gens), they will take up and process the antigen and migrate
{is so-called veiled celis) to the draining tymph nodes, where
they can present the antigen to the immune system {asualty
10T cells) for an apgropriaie response, This normat function
iz a complex cascade of events involving anfigen recogni-
tion, uptake, degradaton, migration, differentiation, celiular
activation, contact, signaling, and differentiation. Some-
where along this line of defense, which isregulated 10 a geear
exient by cytokines, a signal is possibly not correctly given
or interpreted. An exaggerated acuvation of cytokines or 2
loss of control of cytokine activation, resulting in LCH,
might be the consequence, The specific rowms of the cyto-
kine cascade involved in LCH has not yet been established,
but many of the systemic and local signs and sympioms of
LCH may be caused by ong of more of the cytokines: it is
known that cemain ¢ytoking levels are incressed in the
affected tissues of patienis with LCH.¥'0 A recent smdy of
growth factors that coeperate in the gensration of Langer-
hans cells showed that granulocyie-macrophage colony-
stimulating factor and wmor ngcrosis facior-u can work to-
gether to produce Langerhans cells (20% contained Birbeck
cranules) from hemgtopoietic stem cels (CD34 precursor
celis).® On the basis of these data, one can envision a pro-
tiferation of Langerhans cells in LCH when these two fac-
tors are stimulated, Both in vivo and in site studies are
nzeded te clarify the possible regulatory role of cytokines,
T czlls, their receptors, and their inhibitors in the pathogen-
esis of LCH. Such research needs o be conducted in the
context of the various clinical forms of LCH, because the
cytokine profile of a singie LCH bone lesion may differ sig-
nificantly from that of a sofi-tigsue lesion in o patient with
exignsive disease.

LCH: a viral disease? Because the cells of the mononu-
clear phagocyte system have important funetions in immu-
noregutation, much effort has been expended in defining
possible subtle aberrations in the immune system of patients
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with LCH, One or more immunologic mechanisms could be
fnvolved, as indicated by abnormualities of immunoglobutin
fzvels, mitogen responseas, and T-suppressor calis in patients
with LOH% % No consistent defect has, however, been
demonstraied. With or without such an immunologic imeg-
ularty. it has been postulawed that LCH may be the reactive
result of a viral infecaon that causes the Langerhans cells 1o
proliferate. Pursuing this idea, one can postulate that the
prolifzration of Langechans cells in LCH may be a physio-
logically appropdare but clinically pathologic response 10 a
viral infection, with or without ¢viokine involvement, A
specitic virus might activare histioveytes but also irnpair im-
mune regulation of subsequent histiccytic proliferadon. By
dizabling the suppressar T cell, it would ampiify the host
e response W the primary infegtina. Potymerase chain
reasiion eehniques cuan bé applied for the extruction of DNA
in the search for specific viral codes, and can be used in
stored fixed dssue,

Recently, three comorehensive studies of possible viral
atiology have been reposted. MeClain et gl ! prasented the
reselts of inosite hybridization and PCR studizs of 36
paticnis, No positive results were obtained when probes were
usad agwnst viral DNAs (human T-cel! viruses types [, T,
and IIE [human immunodeficiency virus], adenovirus, cy-
tomegalovins, Epsein-Barr virus, parvovirus, herpas sim.
plex virus, and human herpesvinis vpe 6). These negative
findings were confirmed by clivastructural studizs,'? The
HEHV-6 was also suspected of playing a role ia the patho-
genests of LCH by Leahy o al.’® This recently described
nember of the human herpesvirus family has been associ-
cred with atypical or malignant lymphocytic processes and
immune complex disorders. Lesional tissue of 30 patiens
with LOH was retrospectively examined by PCR for the
presence of HHV-6. In contrast to the findings by MeClain
arab I HHV-6 DNA was derectad in tesions from 14 {(47%)
of 36 patients with LCH. On clinical subgroup analvsis,
HEV-6 DNA was found in 10 163%) of 14 satients with ex-
racsseous disease and in 4 (29%) of 14 putients with discasc
limited 1o bone. Herpes simplex virug DNA was not foung
i any of de LOH specimens. ™ Additonsi in situ hybrd-
ization studics of LCH in more samples, with a view © lo-
calizing the HHTV-6 DNA ar other viral DNA 10 the Langsr-
haas cell, are needed, This finding would help 1o clanify the
potential pathogenic role of the virus in this disease and
would possibly lead w0 morz specific understanding and
treatment of LCH.

SUNDMARY AND CONCLUSIONS

The first major stride toward understanding LCH was
raken when ulrastructural studivs identified the profiferuting
x5 part of the Lungerhuns {(dendritic) celi system.!& 17
Argther step forward was the definiton of the morphologic,

immenchistochamical, and clinicul eriteria noeded for the
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diagnosis of LCH.> 3 Meanwhile, modemn imaging studies
have disclosed lesions that were not previously visible, es-
peeially those in the brain and the plvitery gland, These ad-
vantzges havs had « major impact on ciinical management
by making it possible to compare data from different insti-
iutions and to cenwralize coherant clinical and sherapeutic
data* Moreover, the agresment concarming disgnostic crite-
riz provides a salid foundation for current clinical trials and
for laboratory research regarding the possible roles of the
immune syztzm, clonality, and cyiokines in the eriolozy of
LCH.
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