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Re: IND 12553-- Intense / Transient Immune Suppression with Autologous
l~ematopoietic Stem Cell Support for Corticosteroid Responsive Childhood
Regressive Autism

Dear-Dr Lavoie,

In. regards to the above protocol~ we appreciate your. concerns and we are changing it
fi-om a phase I study to a single patient compassionate exemption. Again, the proposal is
only for one patient, as compassionate care.

Product information:

1. The certificate of analysis for both DMSO and M1999 media were included in
original submission under the section "Certificate of.Analysis". The COA is again
included.

2. Th.e Product label-is now included. "

Clinical Information

3.. We agree that most cases of autism are not.immune-mediated. There are however,
rare cases of autism,, variants of autism that are immune-mediated. The classic
example is Lahdau-Kleffner. We have listed numerous references on the immune-
mediated etiology of some cases of children with autistic syndrome and discussed
this within the first 11 pages of the pr~)toeol. However, to a!Ieviate your concerns,
we have changed the attached IND to a single patient compassionate exemption.
The particular patient, Jude Mirra, has been treated by experts in the field of
autism and has responded to immune-suppression but then always relapses. We
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have attached three letters from physicians involved in this patient’s care who
document his history and are requesting our therapy. In terms of risk benefit, there
is real concern from all involved in this patient’s care that he may end up.
permanently institutionalized with no hope of employment or meaningful life.
The physicians are:

Maurine Packard, MD
Neuro-Developmental pediatrics
532 East 87th Street
New York, New York 10128

Marcus Consnant MD
Conant Foundation
74 Hartford Street
San Francisco, California 94114

Donatella Graffmo MD, FAAP, FAAAI
Critical Care Medicine
530 Morris Ave
Springfield, New Jersey 07081

The eligibility criteria are changed since this is now a single patient
compassionate care study. The patient we wish to treat is described in the attached
physician letters. Again for this patient who has responded remarkably well
although only transiently to immune suppression, there is real concern from all
involved in this patient’s care that he may end up permanently institutionalized
with no hope of employment or meaningful life. Administration of IVIG, steroids,
cellcept or plasmapheresis is not part of the protocol.

a. What is relevant is that this patient symptoms responds to immune
suppressive MG, plasmapheresis and / or eorticosteroids. These response
have been documented by an autistic expert, Dr Packard, but unfortunately
his responses have been transient.

b. The IND is for autologous hematopoietic stem cells (HSC) and the SOPs
have been provided in detail. Administration of cyclophsophamide and
CAMPATH is described in the section on conditioning regimen and under
the section Drag Information.

c. The treatment course of this patient is documented in Dr Packard’s letter.
d. The time line of when the conditioning regimen and stemcelIs are infused

are in the original conditioning regimen table section 6.2
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b.

Co

The eligibility criteria now states: infusion of more than 2.0 x 10~ CD34+
cellsikg.
The dose of CAMPATH was 15rag (not 15 mg/kg). We have now clarified
to say the dose will be 1.0 mgikg and provided a journal reference (Bone
Marrow Transplantation 2005, 36, 215-225) for this pediatric dose.
Our experience doing autologous HSCT at Northwestern for immune-
mediated disease is 1.4 % mortality. However, this is a single patient
compassionate care and there is no prior experience in this disease. We
now add to page 11 the sentence: "Since there have been no prior
experience in this disease, the actual risk cannot be definitively stated,
although we do not anticipate a risk higher than in current HSCT studies
for immune-mediate diseases"

a. The table is now changed to state "weekly for 4 weeks after hospital
discharge"

b. The treatment will be done at one center, although physicians from
multiple centers have and will continue to contribute their expertise.

c. Section 11 -adverse events now includes a return of CARS score to > 36,
or as determined by a pediatric autism expert (Dr Packard) behavior that
interferes with subjects care and follow-up or significant deterioration in
interaction with family members.

7. The treatment will be done at one center.

8.This is a single patient compassionate protocol, so further patients will not be
treated on this study. Stopping rules now state:" Only one patient will be treated".

We appreciate your help and we are available for any questions at office 312-908-0059 or
cell 312-933-7670.

Sincerely,

Rich~r~l Butt, M.D.
Chief, Division of Immunotherapy
Northwestern University
312-908-0059
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1.0 Precis
Autism is a syndrome of impaired social interaction, impaired communicative or
language skills, and repetitive and stereotyped behavior (1,2). In the United States, the
incidence of autism is rapidly increasing and usually results in. inability to live as an
independent and self-sufficient adult (3). The etiology of autism remains unknown with
evidence for genetic, environmental, and immunologic influences (4,5), but whatever the
causes, as a syndrome rather than a disease, the etiology of autism is probably
heterogeneous with different patho-physiological mechanisms resulting in similar autistic
features. There exist case reports of autistic syndrome symptoms that deteriorate or occur
in relation to immunostimulation from infections (6,7). The autistic syndrome has also
been associated with autoantibodies to neuron-specific antigens (8-15) and active
neuroinflammation (16-17). Some patients with austistic spectrum disorders respond
favorably and / or may enter remission following immune modulatory treatment with
immunoglobulin (IVIg) and or immunosuppressive treatment with corticosteroids (18-
26). In fact Landau-Kleffner, an epilepsy syndrome with acquired aphasia and autistic
features, is routinely treated with immune suppression (26-29). We postulate that
patients with regressive autism who respond to corticosteroids may respond to immune
regeneration following hematopoietic stem cell transplantation.

2.0 Background

Autism is a behavioral disorder characterized by impaired social communication, social
interaction, and restricted and stereotyped behaviors and mannerisms (1,2). The criteria
for autism are defined within Diagnostic and Statistical Manual of Mental Disorders-4th
Edition (DSM-IV, American Psychiatric Association, 1994) (30-32). The autistic
features manifest a continuum from mildly disabled to severely disabled as shown in
Table 1. Autism is one of four conditions classified under the Pervasive Developmental
Disorders. The others include Asperger’s Syndrome, childhood disintegrative disorder
(CDD), Rett’s Syndrome, and Pervasive Developmental Disorder - not otherwise
specified (PDD-NOS). All of these disorders are evident in the first years of life and
share severe impairments in social relatedness and language and thepresence of
stereotyped behaviors and restricted interests. Certain patterns of development, the
presence of other manifestations and clinical criteria differentiate these disorders. In
autism, two-thirds of children never have normal development of social relatedness,
expressive and receptive language or age-appropriate play and interests and develop
stereotypical behaviors. However, a third of children diagnosed with autism will have a
history of normal skills until 12 to 24 months of age when there is a clear regression with
loss of expressive language, deterioration in social skills, and development of atypical
behaviors and interests. Asperger’s Syndrome is characterized by impaired social
interactions and restricted range of interests; however, there is no delay in language, but
language use is atypical. CDD is a very rare disorder affecting primarily males. To meet
the diagnostic criteria, a child must have normal development in all areas until at least
age 2 or up tO age 10 years at which time there is an abrupt and profound loss of skills in
at le~t two areas with impairment in social interactions, communication, and behavior.
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In general, these children are profoundly mentally retarded. Rett’s Syndrome affects only
girls. Clinically the children have a normal head circumference at birth and normal
growth and development until 5 to 30 months of age, at which time they lose expressive
language, purposeful hand skills, and social relatedness, develop poorly coordinated gait
aud trunk movements, stereotypic hand washing movements, and abnormal breathing
patterns, and demonstrate acquired microcephaly (all the above from DSM-IV.) Rett’s
Syndrome is now known to be caused by mutations to the MECP-2 gene. The autistic
spectrum disorders may also be extended to include Landau-KJeffiaer syndrome (LKS)
which is an acquired epileptic aphasia with relatively preservation of non-verbal skills
and usually presents in children at ages 3 to 5 years with clinical seizures and
characteristic EEG patterns.
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Table 1--Autism features (from Gillian Baird et al (2)
Most ......

Social interaction

Social
communication

Repetitive
activities

Language

Sensory stimuli
---oversensitive to
sound, fascinated
by lights, self
spinning, smells
objects or people,
indifferent to
pain, heat, cold
Movements-tiptoe
walking, flaps,
jumps, rocks, odd
hand postures
Special skillsm
mathematics,
music, memory,
constructional
skills

Severely
disabled
Aloof,
indifferent

None

Simple body
directed e.g.
face tapping

No e

Very marked

Very marked

None

Approaches for
physical needs
only
Communicates
needs only

Simple, object
directed e.g.
taps, spins,
switches lights
Mostly
echolalic

Marked

Marked

All below
chronological
age

Passively
accepts
approaches
Replies if
approached

Complex
routines

Incorrect
pronouns,
prepositions;
idiosyncratic
words, odd
constructions
Occasional

Occasional

One ’"skill
around
chronological
age--rest
below

Least severdy
disabled

Makes one
sided awkward
approaches
Spontaneous but
repetitive, one
sided, odd
Verbal, abstract,
repetitive
questioning

Grammatical
but long
winded,
repetitive

Limited or
absent

Limited or
absent

One skill at high
level well above
chronological
age

Incidence and Etiology of Autism Spectrum Disorders
With the exception of Rett’s syndrome which is an X-linked disorder affecting mostly
females, autism is more common in males with a male to female prevalence of 4:1. The
incidence of autism is relatively common ~om 5 to 20 per 10,000 children (33) Sibling
and twin studies indicate a genetic predisposition. The risk of autism among siblings of
an affected child is 3-6% and among monozygotic twins the concordance rate rises to

HSCT for steroid responsive autism 10/21/2005 6 of 27
JMM - 000000116



60% although autistic features such as obsessive compulsive behavior or speech delay
may be present in up to 90% of identical twins (4). The etiology of autism is generally
idiopathic although in a minority of cases autism is associated with tuberous sclerosis,
fragile X syndrome, phenylketonuria, or mitochondrial disease (34). In most cases,
autism is idiopathic and appears to be polygeneic and multi-factorial. Possible candidate
genes (4) involved in autism include methyl-CpG binding protein-2 (MECP-2) associated
with Rett Syndrome, genes involved in neurotransmission e.g 5-HTT (serotonin
transporter), 5-HTR 7 (serotonin receptor 7), GABRA3 (gamma-aminobuytfic acid
receptor subunit beta 3), genes involved in neuronal development e.g. WNT2 gene,
RELN (reelin is a protein involved in directing neuronal migration), homeobox genes
such as HOXA-1 and EN2, and finally the major histocompatibility complex (HLA) that
has been implicated in most autoimmune / immune-mediated diseases.

While genetics and environmental influences have traditionally been considered
important for development of autism, more recently emphasis has also been placed on the
aberrant neuroimmunotogy associated with autism. Observation by parents of
exacerbation or onset of autistic symptoms after immune stimulation following upper
respiratory tract infections has lead to further investigations on the immunology of
autism. While formal studies have failed to reveal a significant correlation between
immunization history and autism, immune stimulation mediated flares of autism are
reminiscent of rheumatoid arthritis reported flares following tetanus immunization in
elderly patients or exacerbations of multiple sclerosis or lupus following infections. A
variety of studies are suggestive of excessive immune stimulation in autistic patients.
Peripheral blood mononuclear cells (PBMC) from autistic patients stimulated with the
macrophage stimulant lipopolysaccharide (LPS) produce > 2 SD above normal mean
values of TNF-~3, II-lg, and IL-6 (17). When PBMC from autistic children are
stimulated with the T cell mitogen phytohemagglutinin, TNF-~ production is > 2 SD
above normal mean values (17).

Further evidence that immune-mediated mechanisms may be involved in the
pathogenesis of autism has been documented by cytokine analysis of brain tissue and
cerebrospinal fluid (CSF) of autistic patients (16). Microglia which are CNS resident
macrophages are activated in autistic brains. Microglial cell activation is characterized
by MHC class II (HLA-DR) expression. Perivascular accumulation of macrophages and
monocytes is present in some patients. Deposition of complement membrane attack
complex (MAC) is found in some autistic CNS samples (16). The activated microglia,
peri-vascular macrophages and MAC are located predominantly in the Purkinje cell layer
(PCL) of the cerebellum and anterior cingulated gyrus (ACG) (16). Of interest, serum
antibodies binding to CNS Purkinje cells have been found both in autistic children and in
their mothers (32). Depending on region of CNS analyzed, autistic brain samples
displayed marked in situ increases in a variety of chemokines (MCP-3), growth factors
(GM-CSF, fit-3 ligand), and innate / adaptive immunity cytokines (II-6, IL-5, IL-13,
TGF-~3) (16). These in situ findings of predominately innate and macrophage cytokine
profiles in an inflamed tissue are similar to joint biopsies of rheumatoid arthritis patients
that also display predominately macrophage / innate immunity cytokines. Finally,
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numerous autoanfibodies to brain tissue have been identified in the blood of autistic
patients as well as their mothers (Table 2).

Table 2--Autoantibodies against CNS proteins in autistic patients
CNS Autoantibody
Antibody to neuron-axon filament protein
(NAFP)
Antibody to cerebellar neurofilament
Antibody to myelin basic protein
Antibody to eaudate nucleus
Antibody to serotonin receptor
Antibody to brain endothelial cell
Antibody to unidentified brain tissue
Antibody to cerebellar Purkinje cell

Reference
Singh et al (10)

Plioplys et al (13)
Singh et al (33)
Singh and Rivas (14)
Singh et al (11)
Connolly et al (12)
Silva et al (9)
Van de Water et al at
California, Davis
communication)

University of
(personal

Neuro-specific antibodies in children With autism have been reported in one study to be
cross-reactive to Chlamydia pneumoniae and Streptococcus group A bacteria (8).
Neuropathologic analysis of brain tissues demonstrate loss of Purkinje cells within the
cerebellum (35), and serum t}om autistic patients but not normal controls have antibodies
that bind to the Putkinje layer of the cerebetktm. Whether these anto-antibodies are
epiphenomena, protective, Or pathologic is unknown and in this respect mirror the
uncertainty of the significance of rheumatoid factor in patients with rheumatoid arthritis.
The lack of documented CNS inflammatory infiltrate in association with CNS specific
auto-antibodies in autistic patients is also similar to CNS specific auto-antibodies in post
infectious Sydenham’s chorea (36) or opsoclonus-myoclonus (37) or paraneoplastic CNS
specific autoantibodies any of which may results in involuntary movement and or ataxic
disorders without localized CNS inflammatory infiltrates.

The importance of the cerebellum and cerebellar Purkinje cells in autism is confLrmed by
autopsy which reveals abnormal decreased cerebellar volume, reduced number and size
of Purkinje neurons in vermis and hemispheres, molecular defects and reduced fimctiona!
activation in posterior cerebellar regions (35,38) Neonatal rats infected with Boma virus
develop emotional and social disturbances similar to autism and show loss of cerebellar
granule and Purkinje neurons (39).    Similarly, some children with acute
encephalomyelitis have developed autism (19). It appears that the cerebellum plays a
previously under-appreciated role in attention, memory, language, novelty exploration
and emotion. Numerous lines of evidence including animal model, brain pathology,
immunohistochemistry of CNS innate and adaptive cytokines, location of activated
microglia and perivascular mononuclear infiltrates, and identification of Purkinje
autoantibodies implieate the cerebellum as a predominate CNS region involved in autism.
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_Prognosis in Autism
While an occasional autistic child matures to an independent or even successful life, the
general prognosis for autism is grim. For although autism is almost never lethal, it causes
severe life-long impairments that prevent the majority of affected children fcom living an
independent existence and / or self-sufficient lives. Two major factors during childhood
predict for a dependent and poor quality adult life, low IQ and severity of autistic
symptoms (40). In a longitudinal evaluation of 102 autistic patients, 53% of childhood
autistic patients lived in residential placement as adults, and only 11% of adults were
employed, all in menial jobs (40).

Therapy of autism
Therapy for autism has traditionally been supportive and or symptomatic. The
cornerstone of current treatment is behavioral therapy, typified by Applied Behavioral
Analysis (ABA), an intense, comprehensive, and costly one-on-one intervention with a
recommended frequency of 10 to 40 hours per week. In addition, children require
speec~language therapy, physical therapy, occupational therapy, sensory integration,
social skills training, family support, and, often, private schooling. Medications cannot
ameliorate the core deficits of autism, but are used to modify specific symptoms such as
serotonin uptake inhibitors ((fluoxetine, sertraline, paroxetine)) for ritualistic and
obsessive compulsive behavior, stimulants such as methylphenidate for impulsivity
atypical antipsychotics, such as risperdone for inappropriate aggression and
anticonvulsants for seizures which occur in 1/3 or more patients with autism spectrum
disorders (41).

More recently, .it was discovered that Landau-Kleffner syndrome responds to
corticosteroids and intravenous immunoglobulins, and these therapies have become the
standard of care for Landau- Kleffner syndrome (26-29). A patient with autoimmune
lymphoproliferative syndrome (ALPS) secondary to mutant Fas receptor developed
autism; corticosteroid therapy induced complete remission of both ALPS and autism in
that patient (18). Stefanatos et al. describe a child with regressive Pervasive
Developmental Disorder diagnosed at 22 months of age who, at age 6 years, responded to
a 28-week, tapering course of prednisone with a marked increase in expressive and
receptive language with a corresponding decrease in stereotypic utterances (23). More
recently, two patients with regressive autism following re-activation of chronic infections
have been reported. One was treated shortly after her regression at 22 months of age for 9
months with ACTH and had a complete remission. The second child regressed at age 28
months and was treated at age 8 years with ACTH for three months with improvement in
his autistic symptoms, but remained autistic. Buitelaar and colleagues have reported two
controlled trials of ORG 2766, an adrenocorticotropic hormone (24,25) analogue
treatment of children with autism. A trial of 21 children used a dose of 40 mg daily for 8
week in a double-blinded, placebo-controlled crossover study design. There were
improvements in the sum score and social withdrawal subscale of the Aberrant Behavior
Checklist-parents scale and in stereotypical behaviors and social isolation on the General
Assessment Parent Scale. The benefits were not sustained after the completion of the
trial. Nine of the 20 children were considered responders. Analysis of baseline
information did not predict which children would respond. In the another trial of 50
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children, using a similar design, there were no significant group differences. Again there
was a subset of 10 out of 29 treatment subjects who had a positive response with decrease
in hyperactivity, school problem behavior and social isolation at home and at school.

Therapy with IVIG has also been the subject of two reports. In 1996, Gupta et al.
studied the immune function of 25 children with autism and treated 10 of them with
standard dose every 4 weeks for 6 months. Five of the 10 children had a striking or
marked response to IVIG with better eye contact, increased vocalizations or expressive
language, calmer behavior and increased social relatedness. Those who responded
tended to be younger than the non-responders. In 1998, Plioplys, treated 10 children with
regressive autism and immune dysfunction with IVIG at lower doses than Gupta and at
longer 6-week intervals for a total of 4 doses. Four of the I0 children had a minimal
response. One child, however, who was one of the youngest at age 5 years and who
received the highest dose of IVIG had a dramatic response and went from a profoundly
autistic child to a child who began to talk, interact, and have appropriate behavior to the
point that he was discharged from his autistic school program. Unfortunately, he had a
total regression when the trial ended. His parents lost their insurance and were unable to
continue the MG. In summary, ~ere is evident of a subset of autistic patients who have
an immune-mediated pathogenesis that responds to immune suppression.

PANDAS
Neuropsychiatrie disorders that are immune-mediated include Landau-Kleffiaer
Syndrome (LKS), Sydenham’s chorea (SC), and Opsoclonus Myoclonus Syndrome
(OMS). Since SC and OMS may be secondary to Group A Beta Hemolytic Streptococcal
(GABHS) infection, over the last few years the concept of Pediatric Autoimmune
Neuropsyehiatric Disorders Associated with Streptococcal (PANDAS) infection has been
proposed (47-49). Clinical criteria for PANDAS are an abrupt onset in childhood of
obsessive compulsive disorder (OCD) or tic disorder, in previously normal child, and
with a temporal onset 6r exacerbation with streptococcal infection. Since SC may occur
up to 9 months after GABHS infection, no time frame between streptococcal infection
and PANDAS-related neuropsychiatric abnormalities has been prop6sed. Antibodies to
GABHS and neuronal cells cross react (50, 51) and immune suppressive drugs such as
corticosteroids, plasmapheresis or plasma exchange are use to treat PANDAS. Even
more recently the PANDAS syndrome has been suggested to envelope a group of clinical
diagnosis including OCD, Tourette’s syndrome (TS), and autism.

D8/17 is a B cell marker first identified in patients with acute rheumatic fever and SC that
colocalizes on activated HLA-DR positive B cells (50). Subsequently, D8/17 was
associated with OCD, TS, and PANDAS (51). When comparing PANDAS, SC and
healthy children, 85% of PANDAS are D7/18 positive and 89% of SC are D7/18 positive,
while only 17% of healthy children are D7/18 positive (defined as more than 11.8% B
cells D7/18 positive) (51). The B lymphocyte antigen D8/17 has been reported to be
positive in 78% of autistic children versus only 21% of medically ill non-autistic children
(52). These data lend support to the concept that regressive autism in previously normal
children with acute onset may arise from an immune-mediated or immune dysregulated
pathogenesis.
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3.0 Rationale for hematopoietic stem cell transplantation

Autologous HSCT is a form of immune modulating intervention (53). Reinfusion of
autologous HSC implies that the disease is not a preordained genetic defect but rather
arises, at least in part, from environmentally-induced immune dysregulation. The
efficacy as well as toxicity of an autologons HSCT arises directly from the cqnditioning
regimen. The goal of the conditioning regimen is lymphoablation unlike malignancies, in
which myeloablation is desirable in order to eliminate an occult malignant hematopoietic
stem cell clone. Lymphoablative conditioning regimens that do not cause myeloablation
utilize drugs such as cyclophosphamide, fludarabine, and monoclonal antibodies such as
ATG, rituximab or CAMPATH. These regimens are safer than. myeloablative regimens.
At Northwestem University using non-myeloablative (NST) autologous stem cell
transplant regimens, the treatment related mortality in 103 adult patients undergoing NST
for a variety of autoimmune and or immune mediated diseases is 0% for those who
underwent NST and 1% by intention to treat (Burr et al. - in progress). Since there is no
prior experience in using HSCT for autism, the actual risk cannot be definitively stated
although we do not anticipate a higher risk than in current HSCT trials for other immune-
mediated diseases.

The mechanism of autologous NST induced remission of autoimmune / immune disease
may be either transient immune suppression-related lymphopenia and / or a more durable
"immune reset" due to regeneration of an antigen naive immune system from the
hematopoietic stem ceils. By analyzing T cell receptor profiles with PCR spectrotyping
and flow cytometry as well as new thymic T cell migrants by T cell receptor excision
circle (TREC), we have shown in multiple sclerosis patients undergoing HSCT that a new
and antigen-naive T cell repertoire arises from the stem cell compartment via thymie
maturation (54). This suggests that intense immune suppression via NST results in
prolonged immune reset independent of immune suppression mediated lymphopenia.
The immune reset effect of NST is eonf’trmed clinically by a 50% 5 year relapse free
remission in patients with systemic lupus erythematosus (SLE) treated by NST (R.IC
Burr et al., personal communication.) While SLE is an autoimmune disease, the Thl
immune-mediated disease, Crohn’s enteritis, which is probably an immune-mediated
response against environmental gut flora and not an autoimmune disease per se, has also
shown promising results after NST (55). This confu-ms that NST may induce remission of
both autoimmune and immune-mediated inflammatory diseases.
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4.0 PATIENT ELIGIBILITY

4.1 haclusion criteria

1) Age 2- 6 years old
2) Diagnosis of autism spectrum disorder according to the DSM-IV (Diagnostic and

Statistical manual of Mental disorders, fourth edition)
3) Normal development before 12 months of age, i.e. regressive autism, with

documented loss of at least 4 words, regressed social interactions, and
development of restricted range of interests and repetitive behaviors between 12-
48 months of age

4) Medically documented improvement of symptoms after > 0.5 mg/kg
corticosteroid therapy or other immune modulatory intervention, with medically
documented regression back to autistic state when therapy is weaned/withdrawn
or with intercun’ent infection, so the child remains dependent on intervention to
maintain remission status

5) Parental informed consent
6) A CARS score of>_36 (severe autism) prior to enrollment.
7) Documented improvement in CARS of at least 8 points within 1 month of

corticosteroids > 0.5 mg/kg average daily dose.
8) Failure of at least one other immune modulatory agent besides corticosteroids

such as IVIG, plasmapharesis or cellcept.
9) Infusion of more than 2.0 x l06 CD34+ / kg cells.

4.2 Exclusion criteria

1) Rett’s syndrome
2) Asperger’s syndrome
3) Landau-Kleffner Syndrome
4) Tuberous sclerosis
5) Neurofibromatosis
6) Fragile X Syndrome
7) Phenylketonuria
8) Type I diabetes mellitus
9) AST or ALT > 2 x normal
10)Creatinine > 1.0 mg/dl
11)Congenital cardiac disease, valvular heart disease or LVEF < 50%
12)H/O leukemia or cancer
13)HIV +
14)HBSAg +
15)HCV PCR positive
16)Failure to collect a minimum of 2.0 x 106 CD34 cells/kg
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5.0 STUDY PARAMETERS - All pre-NST test results must be obtained within 3
months of study entry.

Test/Evaluation Pre- During
NST hospitalization

Pediatric history and physical X
Daily SOAP ...
CBC X
PT/PTT X
Echocardiogram X
Chemi.~try panel, LFT, LDH X
HIV, HTLV I and l]I, CMV, HCV, X
HBV titer
CMV antigen X

ASO I anti-Dna.~e B X
5 ec blood in sodium heparin tubesX
for Purkinje antibodies and 10 cc
in cirate tubes (yellow top) for T
cell function and cytokines sent to
Dr van de Waters, UCSD
8 cc blood sent to Dr Parkash forX
cytokine analysis in red top tube
10 cc blood for flow cytometry-X
D8/17, CD3, CD4, CDS, CD19,
CD56
EEG X

MRI of brain (review of a priorX ....
MRI will suffice)
Childhood Autism Rating’ScaleX
(CAr S) (56)
Receptive Expressive EmergentX
l.qng~age Scale REEL (57)
Vineland Adaptive BehaviorX
Scales
Preschool Language Scales-3X"
(PLS-3)

X
At least TIW

At least TIW

BIW after
ANC>500

Weekly for 4
weeks after
hospital
discharge
X

X

X

Post NST-
3, 6, 12, 24
month

X

X

Weekly X 3
months
X
X

X

X

X     if
previously
abnormal

X

X

X

Anti-Dnase B = antideoxyribunuclease B, ASO = antistreptolysin O, Chem. panel = electrolytes,
Cr, BUN, Mg, Phos, LFT=AST, ALT, bilirubin, alk phos
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6,0 TREATMENT PLAN

6.1 Stem cell source - Autologous PBSC collection
Autotogous peripheral blood stem cells will be collected after mobilization with the
use of G-CSF and cyclophosphamide.

Day 1 2

Cyclophosphamide 1.5 g/m2 X
Hydration X
G-CSF 10 ugikg/day
Apheresis

Daily
on days
4-9

10 11

X X X*
X X*

* Apheresis begins when ANC rebounds greater than 1000/ul usually on day 10. Day
11 apheresis is optional and is performed if necessary to obtain more than 2.0 x 10
CD34+ cells/kg

Notice--A 14 day delay between stem cell collection and starting of conditioning
regimen is mandatory in order for 14 day cultures to be documented as negative¯

6.2 Conditioning regimen

Hydration
Cyclophosphamide
(50mg/kg/d)
MESNA 25mgikg ci X 4hr/d
CAMPATH-1H 1 mg/kg
Solumedrol 10 mg!kg
Stem Cells infused
G-CSF 5 mcg/kg/d     ’

-7 -6 -5 -4 -3 -2 -1
X X X X X
X    X     X     X

X X X x
x
x

C¥clophosphamide 50mg/kg/day x 4 days will be given IV over 1 hour in 50
cc/mz of normal saline on days -5, -4, -3, and -2. Dosage will be based on the
lesser of adjusted body weight or actual weight.

MESNA 25 mg/kg/d X 4 days will be given IV over 1 hour in 50cc normal saline
- piggyback into cyclophosphamide infusion. Follow with MESNA 25 mg/kg
continuous infusion in 400cc/m2 DS1/4NS over 4 hours following EACH dose of
cyclophosphamide daily for 4 days.

0

HSCT for steroid responsive autism 10/21/2005
14,1~7- 000000124



CAMPATH-1H 1 mgikg x 1 day (no dose adjustment per weight or BSA) will be
given IV over 2 hours in 50 cc of normal saline on day -2. Premedication with
acetaminophen 10-15 mgikg and benadryl 1.0 mgikg POiIV will be given 30-
60rain before the infusion. These medications can be repeated as needed q4H and
q6h, respectively.

Solumedrol 10 mg/kg IV 30 minutes before CAMPATH-1H.

Hydration approximately 2 liters/m2!day should begin 6 hours before
cyclophosphamide and continue until 24 hours after the last cyclophosphamide
dose. BID weights will be obtained. Amount of fluid can be modified based on
patient’s fluid status.

G-CSF (5 mcg!kg/d) will be given intravenously each day until the absolute
neutrophil count reaches at least 1,500/ul.

Prophylaxis against veno-occlusive disease (Actigall and / or low molecular
weight heparin) may be given at the discretion of the transplant clinician.

6.3 Infection prophylaxis guidelines

All prophylactic antibiotics may be changed or discontinued according to clinical
circumstances (such as patient allergy) as determined by attending physician(s).
On admission, oral acyelovir, oral clindamycin, and oral voriconazole will be
started according to pediatric dosing. When ANC becomes less than 500/ul,
broad spectrum intravenous antibiotic coverage (ceftazadime) will be started
regardless of temperature until ANC returns to > 500/uL. Once the WBC’s
engraft (ANC >500/uL) and patient is without sign of infection and fever,
intravenous and oral antibiotics will be stopped. Thereafter, infection prophylaxis
will be:

1) Pneumocystis pneumonia prophylaxis - Bactrim three consecutive days per
week from day of platelet engraftment to >100,000/uL and continued for 6
months after day 0.

2) Antifungal prophylaxis - diflucan will be given starting on admission and
continued for 6 months. In the event of liver dysfunction, alternative ftmgal
prophylaxis will be given (inhaled amphotericin or vorieonizole.)

3) Antiviral prophylaxis - acyc!ovir oral BID will be started on admission and
continued for 6 months.

4) Penicillin V-K dosed orally for 6 months (clindamycin for penicillin allergic
subjects.)

6.4 Transfusion guidelines
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All blood products need to be leukoreduced, irradiated and CMV safe.

1) Platelet count will be maintained above 20,000/uL.
2) Hematocrit will be maintained >22%.

6.5 Supportive care guidelines

During neutropenia, a low bacterial / fungal diet will be provided.

An antacid such as a proton pump inhibitor or H2 blocker will be used during
transplant admission.

7.0 HOSPITAL DISCHARGE GUIDELINES

1. Afebrile.
2. No parenteral feeding required.
3. Platelet transfusion requirement less than 3x per week.
4. Neutrophil count greater than 500/ul.
5. Parent or family member is able to provide daily care.
6. Arrangements for follow-up with BMT physician and primary physician.

8.0 SIDE EFFECTS

Risk of hematopoietic stem cell transplantation. The major hazard of this protocol is
transplant-related morbidity and mortality. The immune suppressive regimen of
cyclophosphamide and CAMPATH-1H will destroy the patient’s immune system
and leave the patient susceptible to a wide variety of infections and bleeding
complications until the infused donor’s stem cells engraft or patient’s own
hematopoietic tissue restores. Aggressive supportive care as described above will be
used to prevent all avoidable risk. However, a small percentage of patients
(statistical number is not available but based on experience with adults receiving this
preparative regimen at Northwestern University approximately 1%) may die as a
direct result of transplant related complications. The risk for transplant related
mortality is directly related to a patient’s age, genera! medical condition, and prior
exposure to prolonged or aggressive chemotherapy regimens. Transplant related
complications include infectious, bleeding, veno-occlusive disease (VOD) of the
liver, and failure to engraft. This regimen has not been associated with VOD, and
the regimen is designed to be non-myeloablative in order to avoid failure to engraft.

Risk of central line Placement of an external central line catheter device will be
done under general anesthesia by a Pediatric Surgeon. Potential complications
include bleeding, pneumothorax, hemothorax, or arrhythmia. Like all artificial
devices, lines may become infected and require treatment with antibiotics and/or
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removal. Operative consent will be obtained separately by the surgeon performing
this procedure.

Drug/chemotherapy side effects See Section 9 - Drug Information.

9.0 DRUG INFORMATION

9.1 Cyclophosphamide

9.11 Other names: Cytoxan, Neosar

9.12 Chemical: 2-bis (2-chloroethyl) amino tetrahydro-2H-1, 3,2-
oxazaphosphorine-2-oxide monohydrate

9.13 Classification: Alkylating agent

9.14 Action: Causes prevention of cell division by forming adducts with DNA

9115 Metabolism: Metabolized to active compounds by microsomal enzymes in
the liver. Excreted by the kidney in both the original form and as
metabolites.

9.16 Availability: 25 mg and 50 mg tablets (tablets cannot be split); 100 rag,
200 mg, 500 mg, 2000 mg vials Mead Johnson and Adria.

9.17 Storage: Stable at room temperature indefinitely before reconstitution.
After reconstitution, stable for 6 days upon refrigeration or for 24 hours at
room temperature.

9.18 Administration: Dissolved in 500 cc 0.9%NS and administered over 60
minutes IV. Must be aggressively hydrated before, during, and for 24
hours after cyclophosphamide. If the rate of required hydration is not
tolerated in a patient, bladder irrigation may need to be substituted.

9.18 Side effects: Myelosuppression, leukopenia (nadir 8-14 days),
hemorrhagic cystitis, syndrome of inappropriate secretion of antidiuretic
hormone (SIADH), bladder carcinoma, cellutar dysplasias, mucositis, rash,
alopeeia, anorexia, nausea, vomiting, sterile phlebitis, rare pulmonary
toxicity, teratogenieity, hemorrhage, myoearditis, infertility, secondary
leukemia; with rapid IV push, oropharyngeal tingling, metallic taste,
headache, urticaria, facial swelling. Metabolic abnormalities following
cyclophosphamide induced cell lysis can require dialysis in patients with
underlying renalinsufficiency.
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9.2 CAMPATH-1H

9.21

9.22

9.23

Other names: alemtuzumab

Description: humanized monoclonal antibodiy to CD52 molecule on all
lymphocytes, monocytes, macrophages and male reproductive tract. The
molecule is combined with Fc fragment of human IgG 1 kappa
monoclonal antibody with routine IgG 2 monoelonal antibody Fab
fragment specific for CD52.
Drag administration - Patients should be premeditated with 50rag
dipherdayclramine and 650rag of acetaminophen 30 minutes prior to the
first CAMPATH-1H infusion. The dose of 20 mg will be diluted in 100 cc
0.9%NS and infused over 2 hours. The infusion line must contain an in-
line 0.22-micron filter.

9.24

9.25

Storage and Stability- stored, protected from light in a refrigerator at
between 2° - 8° C.

Toxicity- Based on phase I studies in patients with CLL, side effects of
CAMPATH-1H were fever, chills and hypotension occuring most
commonly during initial infusions. Tolerance usually developed with
continued treatment. Other reactions include: nausea/vomiting, headache,
back or abdominal pain, myalgias, arthralgias, diarrhea, dyspnea (10%),
rash (48%), neutropenia (24%), thrombocytopenia (15%), anemia (16%),
and pancytopenia (8%). Other less common side effects have been
reported including: angioedema, hypertension, tumor lysis syndrome,
cough, parethesias, injection site reaction, rhinoconjunctivifis~ confusion,
mild CHF, and hepatic encephalopathy. Infections such as herpes zoster,
pneumocystis carinii, CMV infection, cryptococcal meningitis,
pneumococcal pneumonia, fungal pneumonia, lysteriosis, cellulitis,
sinusitis, candidiasis, septicemia, bladder infection, and chest infection of
undetermined origin have been reported without prophylactic medications.

9.3G-CSF

9.31 Other name: Neupogen

9.32 Description: hematopoietic growth factor
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9.33 Drug administration: subcutaneous or intravenous administration 5-
15ug/kg/day

9.34 Storage and Stability: 300 ug and 480ug vials stored in refrigerator

9.35 Toxicity: myalgias, headache, flu-like symptoms, fever, bone pain in
approximately 20% of patients, possible elevation of uric acid,
transaminases, and LDH.

9.4 MESNA (sodium 2-mercaptoethane sulfonate)

9.41 Other name: Mesnex

9.42 Description: MESNA is a thiol compound with the capacity of inhibiting
the urotoxicity of the oxazaphosphorines, ifosfamide and
cyclophosphamide. Within one hour of administration, MESNA is
completely oxidized to DiMESNA, a totally inert compound. After an
800 mg dose the tl/z for MESNA and DiMESMA is 0.36 hours and 1.17
hours, respectively. There is little or no tissue penetration. Following
glomerulofiltration DiMESNA is rapidly reduced in the renal tubules back
to MESNA which inactivates acrolien and the oxazaphosphamides, thus
preventing bladder toxicity. After three hours, negligible amounts of
MESNA were present in the urine of rats given 100 mg!kg by IV push.

9.43 Drug administration: Intravenous. Total dose is usually 60% of the
oxazaphosphorine dose given in divided doses, Higher doses or
continuous infusions are used with high dose ifosfamide or
cyclophosphamide, or in patients with a history of hemorrhagic cystitis.

9.44

¯ 9.45

Storage and Stability: MESNA is currently available in a 1.0 gram
multi-dose vial containing benzyI alcohol as a preservative. A 200 mg
Mesnex ampule is recommended for patients under 2 years of age and is
preservative free. It is available by calling Bristol-Myers Squibb by
calling 1-800-437-0994. Store intact ampules at controlled room
temperature (15-30 degrees C.) MESNA is not light sensitive, and intact
ampules are stable for a period of five years from manufacture. For IV
administration, dilute to 20 mg/ml with any of the following fluids: 5%
dextrose, 5% dextrose in 0.45 % sodium chloride, 0.9% sodium chloride
and lactated Ringer’s. Use within 6-8 hours when there is no
preservative.

Toxicity: Occasionally nausea, vomiting, stomach pain is reported.
Rarely, patients may experience headache, pain in extremities, fatigue,
rash, transient hypotension, allergy, or diarrhea.
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I0.0 EVALUATION OF TOXICITY

Daily assessment will be made with regards to toxicity by one of the protocol
investigators while in hospital. NCI Common Toxicity Criteria for Adverse

Events (CTCAE) will be used to grade all non-hematologic toxicities (website
http:/ctep.info.nila.gov).

11.0 ADVERSE EVENT REPORTING

11.I

11.2

To be reported by phone (312-908-0059) or FAX (312-908-0064) within 3
business days to Richard Burr and the U.S. FDA within 5 business days:

Any death and all Grade 4 non-hematopoietic reactions (refer to
attached appendix NCI common toxicity criteria for adverse events
(CTCAE) version 2.0).

To be reported on annual follow-up:

a)
b)
c)

Grade 3 and 4 reactions (except Grade 4 myelosuppression)
CARS score >36 after treatment
Behavior that interferes with subjects care and follow-up or
significant deterioration in interaction with family members

12.0 EVALUATION OF RESPONSE - To be performed at 3, 6, and 12 months post
transplant, and annually thereafter for 2 years.

This is a safety study but primary outcome will be based on changes in CARS scores. An
8 point improvement in CARS will be defined as improvement. Complete remission will
be defined as a non-autistic CARS score of< 30

Secondary outcomes will be based on standard and age-equivalent scores on the PLS-4
and Vineland Adaptive Behavior Scales

13.0 BIOSTATISTICAL CONSIDERATIONS
This is single patient compassionate exemption. Only one patient will be enrolled
and treated.
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14.0 CRITERIA FOR REMOVAL FROM STUDY

1. Patient withdrawal - before beginning conditioning regimen or after successful
recovery ofhematopoiesis.

Travel and follow-up studies of such inconvenience that they impose a significant risk
or burden to the patient.

15.0 REGISTRATION PROCEDURE

Patients must not start protocol treatment prior to registration. When eligibility is
confirmed by the physician and nurse, and the protocol checklist is initialed and signed
by the physician and nurse, the patient will be entered.

16.0 RECORDS TO BE KEPT

Original study records will be kept in the office of the Division of Immunotherapy
and Department of pediatrics, Northwestern University, Chicago, Illinois and Yale
University School of Medicine, Department of Pediatrics.
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February16,2005

Richard Burr, M.D.
Chief, Division of Immunotherapy
Department of Stem Cell Therapy
For Autoimmune Diseases
North Western University
750 Lake Shore Drive - Suite 649
Chicago, I!!inois 60611

Re." 3ude Mirra

Dear Dr. Burt:

I am writing you on behalf of Jude Mirra at the behest of his mother Gigi, whom I have
known for the better part of the last 10 years, first professionally and later personally. I
am well acquainted with Jude’s medical history, mostly from Jude’s mother’s description
.of~.his d0ve!opmen...t.al .delay and-from my’own observations and many discussions I have
had over the. last few months wi~h Gigi.

I understand Dr. Dewinsky has provided you with a detailed medical summary of Jude’s
condition and I will not repeat it in this letter.
I am a Board Certified Pediatrician and Clinical immunologist, and in the late 90’s, while
on staff at the Children’s Hospital of New Jersey, I had the opportunity of treating close
to 200 children diagnosed with autism and a history of recurrent infections with high
dosesof IV~G. This therapeutic modality was initially hai!edwith great enthusiasm by
the observa~cions published by S. Gupta in,The Journal of.At~tism in March 1996. In this
paper, he describes significant improvement of many of the classic autistic symptoms
such as: selfstimulatory behavior, poor eye contact and tantrums in 16 children treate~
in an open fashion in his immunology clinic with intravenous immunoglobulin. This
initial observation gave rise to a series of trials includingours, all of which to the best of
my knowledge-failed to demonstrate ..a significant resp0nseto IVIG even at the high
doses.we were using (up.to i gram per .kJlo), ’
PLEASE REPLY TO: 530 Honis Ave.

Springfield, N3 07081
973-467-3334
FAX: 973-467-0304

8 Saddle Road
Cedar Knolls, NJ 07927
973-267-9393
FAX: 973-5~A3-0472
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In our group, children were evaluated medically and developmentally and their
developmental milestones and behavior were scored by paired obse~ations of the
children’s parents and a clinical psychologist who specialized in the treatment and
evaluation of children with developmental delay. Unfortunately, after more than one
year of treatment, both the observation of most of the parents and of the child
psychologists in our study group failed to find any of the significant changes initially
described in Gupta’s paper. However, we were able to observe that there were some
children in whom IVIG did help somewhat in ameliorating some of the stereotypical
behaviors typical of autism and at the same time, we were impressed that in the
majority of patients we were able to demonstrate the presence of many indicators of
increased immunological activation, such as the presence antimyelin antibodies and
increased levels of some other acute phase reactants.

What was also striking was the presence of what many parents described as a form of
regression in a child born uneventfully and with completely normal advancement along
developmental milestones. The period of regression appeared to occur around the age
of 18 months, as it was in Jude’s case.

Although not being directly involved in Jude’s case as a treating physician, I have been
impressed both by his mother’s observations, and by my Own review of the video
provided by Gigi by the dramatic improvement in behavior while Jude was being treated
with high dose steroids.
Although I have been very cautious in encouraging Jude’s Morn to pursue her
hypothesis of an autoimmune/inflammatory etiology in the severe form of
developmental delay affecting her son, I cannot help but be very impressed by his
dramatic and exceptional response which has occurred now on numerous occasions
while treated with high dose immunosuppressive agent.
As you know, he has responded Well to high dose steroids, Piasmapheresis, CelICept,
and most recently, to the combination of plasmapheresis, Rituxan, and steroids.
Conversely, he has also dramatically relapsed concurrently with the most tdvial of
infections, a phenomenon as you know, well known and observed in autoimmune
diseases and described by rheumatologists who have for a long time, reported flare
ups and relapses in patients with autoimmune disorders during the course of an acute
infectious process.

I read carefully your article published in Blood in February 2002, and I cannot help but
.believe that a strategy in which immune system can be "reset" such as what you
propose, in your paper, may be of invaluable help in stopping what could be an
aggressive and chronic unremitting inflammatory process affecting Jude’s brain and
consequently, his development.

I believe that Jude’s parents and especially his mother, who is as you know, a bright,
knowledgeable and a very dedicated individual, are well aware of the potential risks
involved in this procedure. I also believe that they are well aware that the potential
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benefits are uncertain and that there is a certain degree of risk involved in this
procedure. I support their decision to proceed with immune reconstitution after
irnmunosuppressive treatment and I am hopeful that it will be successful in achieving a
significant and hopefully permanent improvement in his developmehtal s~atus. .

Sincerely,

~ .D., FAAP, FAAAI
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May 11, 2005

Dr. Richard K. Burr
Feinberg School of Medicine
Dept. of Stem Cell Therapy for Autoimmune Diseases
Northwestern University
750 Lakeshore Drive, Suite 649
C .kicago~ IL 60611      ’ :

R~: Hrmatopoietie sterd celt:.~ttansplantafirn-for eortieosteroid r~sp0nsive childhood regressive autism

Dear Dr. Burr:

I write to strongly support your protocol to treat corticosteroid-responsive regressive autistic
children with CD34 stem cell transplantation in an effort to reprogram their immune responsive
repertoire, eliminate clones that may be producing neurologically destructive immune responses
and give these children a chance for a normal life. The fact that this sub population of autistic
children responds dramatically to corficosteroid treatment provides strong indication that this
scientific approach may well prove efficacious and it spares the child the known consequences of
prolonged corticosteroid and other immun0suppressive therapy.

I am a physician who has cared for AIDS patients for the past 24 years. As you may know, I
established the largest HIV private practice in San Francisco .and at one time we were caring for
some 5,000 HIV-positive patients. In addition, I am the Principal Investigator on a stem cell
research project sponsored by EnZo Therapeutics. We have been successful in transducing CD-34
ceils with }{IV anti-sense.in five patients and we can demonstrate the presence of the v~etor ill
peripheral T-lymphocytes three years aider implantation. As you well know, this is a unique
accomplishment.

Jude 1Wn-ra is a 3 ½ year-old boy who appears to be suffering from symptoms suggestive ofbtrt
iaot completely diagnostic o fmitism. He had normatdeV~lopme~ until 18 momhs of age:at , "
which point, he suddenly developed neurocognitive regression with an abrupt loss of language,
uneontrolialsle temper tantrums, Stating spells and monoclonal jerking at night.

JMM -000000093



His mother, Ms. Gigi Jordan is a highly trai~ed healthcare professional who has run a large and
extremely successful hea/thcare corporation for many years. In consultation with his physicians,
~Iude was treated with MG wifla no effect and then with high-dose prednisone.

The prednisone resulted in an immediate and astonishing remission of his autistic symptoms and
the previously described behaviors appeared to regress completely. Ms. Jordan has recorded this
behavior on a DVD, which I have reviewed and the changes are indeed astonishing.

The child has continued to show improvement with immunosuppressibn but of course this results
in the need to treat him with high doses of corticosteroids, which eventually will have serious
deleterious effect.

If’m fact his symptoms are immun01ogically mediated, reprogramming his immune reparatory
may result in partial or complete remission. There is clear evidence for this hypothesis from
some of your previously published work and observation by me. and others.

Given the dire consequences of stopping the steroids and allowing this child to regress
neurocognitively and intel.lectually versus the real but s~ght risk of stem cell transplantation, the
risk/reward benefit is dearly in favor of pursuing the research, which you have initiated.

" While I amfamiliar with. the case of Jude Mirra and strongly support your proposed
hematopoietic stem cell transplantation of this child, I also favor the compassionate use of this
scientific approach to systematically study a population of steroid responsive autistic children
who may well benefit from this therapy. Not only may this research give us insiglg, into the
etiology of autism at least in some children but may provide much needed hope for improvement
for the patients and parents who have been devastated by this strange and now epidemic disease.

I will be happy to work with you as you develop and submit your protocol and would be honored
to testify with you before the FDA if such a hearing is necessary.

IfI can furnish you with additional information from my research to support your protocol,
please do not hesitate to call.

Co: Ms. Gigi Jordan

JMM -000000094



Bone Marrow Transplantation (2005) 36, 215-225
0 2005 Nature Publishing Group A~| dghts reserved 0268-3369j05

Improved outcome of treatment-resistant high-risk Langerhans cell
his.tiocytosis after allogeneic stem Cell transplantation
with reduced-intensity conditioning

M SteinerI, S Matthes-Martin1, A Attarbaschi1, M Minkov~, N Grois~, E Unger1, W Holter~,"
VormooP, A Wawer4, M Ouachees, W Woessma .nn6 and H GadneP

St Anna Children’s Hospital, Vienna, Austria; 2Department of Pediatrics, University Hospital Erlangen, Germany; SDepartrnent
of Pediatrics, University Hospital Muenster, Germany; ~Departr~ent of Pediatri.~, U,.nive. rsi~. ~. osp!!al.M, un:~h, (TUM), Germany;
SDepartment of Pediatrics, Necker Hospital Paris, France; and Department of t~ediatrtcs, umoersuy l-lospttat Giessen, Germany

Children with multisystem Langerhans cell histiocytosis
(LCH) and risk organ involvement who fail to respond
to conventional chemotherapy have an extremely, poor
prognosis. Myeloablatve stem cell transplantation (SCT)
as a possible salvage approach for these patients has been
associated with a high risk of transplant-related mortality,
Therefore, allogeneic stem cell transplantation following a
reduced-intensity conditioning regimen (RIC-SCT) has
recently been performed as an alternative salvage ap-
proach. We report on the experience with allogeneic RIC-
SCT in nine pediatric high-risk LCH patients. Condition-
ing regimen included fludarabine in all patients, melphalan
in eight patients, total lymphoid irradiation in six patients,
tota! body irradiation in two, antithymocyte globulin in five,
and Campath in four patients. RIC-SCT WaS well tolerated
with regard to common procedure-related complications.
Two patients died 50 and 69 days after RIC,-SCT~
respectively. Seven out of the nine patients survived and
showed no signs of disease activity (’m~uding one with
nonengraftment and full autolog0us hematopoietic recev-
ery) after median follow-up Of 390 days post-SCT. Based
on this0bservation, we conclude that RIC-SCT is a feasible
procedure with low transplant-related morbidity and,
mortalRy and a promising new salvage approach for high-
risk LCH patients with resistant risk organ involvement.
Bo~e Morrow Trc~splc~taaon, (200~ 36, 21~-225.
doi:10.1038/sj.bmt.1705015; published onfine 6 June 2005
Keywords: Langerhaus cell histiocyt.osis; stem cell trans-
plantation; reduced intensity; nonmyeloablative

Langerhans ceil hisf!ocytosis (LCH) is a rare disorder,
characterized by an a~cumulation mad proliferation of
histiocytic ~eils displaying the phenotype of the patho-

logical Langerhans cells) The etiology is still unknown, but
it has recently become evident that a deranged immuno-
logica! crosstalk involving the LCH cells and T cells,
leading to abundant cytokine production, plays a crucial role
in the path6genesis of this disease,z’~ The clinical manifesta-
tion pattern of LCH ranges from single-system disease,
mostly affecting the bones or the skin and often requiring
minimal therapeutic interventions only, to severe and
sometimes life-threatening multisysteln disease (MS-LCH).

It. particular, MS-LCH patients with involvement of
’risk organs’ (ie hematopoietic system, fiver, spleen, lungs)
and failure of conventional therapy have a very poor
outcome with survival rates of about 20%.*’~ These ’high-
risk’ patients comprise about 20% of the whole MS-LCH
population and have been fomxd in several studies not to be
curable with conventional chemotherapeutic regimens:
During the last decade, no therapeutic progress towards
an improved outcome could be achieved in this particular
patient c0hort,7 as neither intensification of the chemo-
therapy nor different salvage approaches, including mono-
therapy with cycl0sporin A (CSA)e and 2-CdA, resulted
in improved survival rates.

Several cases of complete and sustained remission follow-
ing allogeneic stem cell transplantation (SCT) have been
reported?-z~ However, myeloablative high-dose regimens are
assodated with a high treatment-related morbidity and
mortality, especially in severely ill LCH patients. For children
with other nonmalignant diseases who are not eligible for
conventional myeloablative conditioning regimens, the use
of reduced-intensity conditioning regimens is feasible and
assoc,~ated with stable engraftment and cttre from the
underlying disease in many cases?2~ In this.paper, we report
on the experience with allogeneic SCT following reduced-
intensity conditioning (1Ltc-SCT) in nine pediatric patients
with high-risk MS-LCH in Austria, Germany and France.

Patients and methods

Correspondence: Dr H Cradner, St Pama Children’s Hospital, Kinder-
spitalgasse 6, ~iemm A-1090, A~stzia; E-mail; hdmuLg~d~er@stan~a.at
Received 29 December 2004; accepted 4 Apri! 2~05; published oalin~
6 ~uae 2005

Patients

lxTine high-risk LCI-I patients, who have undergone RIC-
SCT in Austria, Germany as~d France sln~e May 2000, were
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SCT with reduced-intensity condiUonin~ for hi,~h-risk LCH

reported to the Study Reference Center of the International
LCH Study at St Anna Children’s Hospital. Three patients
(two from Italy and one from Greece) underwent SCT at St
Anna Children’s Hospital in Vienna, Austria. Relevant.
information on the other six patients, who underwent SCT
in different centt~’s in Germany and France, was provided
by the respective institution on appropriate quesfionnakes
and medical reports. Data from one patient were previously
pub!ished.~4

Diagnostic criteria and definition of disease state

In all patients, histopatho!ogical diagnosis of LCH was
established according to standard criteria.~s The extent of
disease was assessed according to a baseline evaluation, and
any abnormalities led to specialized extended evaluation.26

"Hematopoietic involvement was diagnosed upon the
presence of dysfunction criteria, that is, anemia (< 10g/di
hemoglobin, or <gg/dl hemoglobin in infants, not due to
iron deficiency or to infection) and/or thrombocytopenia
(platelets <100000/pl) and/or lenkopenia (white blood
count <4000//zl).~6 Involvement and dysfunction of liver,
spleen or lungs was also defined as reported previously:~

For the definition of disease state and response to
treatment, we employed the criteria of the international
LCH-I study,s Complete resolution was defined as ’non-
active disease’ (’NAD), a regression of disease as ’active
disease better’ (AlP better). A progression of disease was
classified as ’active disease worse’ (AD worse), whereas no
change in disease activity was judged as ’active disease
stable’ (AD stable). Reactivation was defined as reappear-
ance of disease activity after complete resolution of all signs
and symptoms.

Clinical course prior to SCT

Patient characteristics and the clinical course prior to SCT
are shown in Table 1. There were five males and four
females, with a median age at diagnosis~of LCH of 9.9
months (range 1.4-22 months). The disease extent and
organ involvement was evaluated twice, first at initial
diagnosis and second within 4 weeks prior to SCT. At
diagnosis, h.ematopoietic dysfunction was present in all
children, with a median hemoglobin of 8 g/dl and a median
platelet count of 67000//A. All patients received standard
first-line LCH therapy according to the study protocol
LCH-2 or LCH-3 of the Histiocyte Societ3a7 and experi-
enced severe disease progression unresponsive to chemo-
therapy, either in the course of initial disease (n= 7) or
upon first reactivation (n= 2). The main features of disease
progression in the nine patients were progressive hepato-
splenomegal3~, persistent fever and increasing signs of organ
dysfunction of the hematopoietie system (n=9), the liver
(n = 5) or the lzmgs (n = 3),

In one patient (pt. 8), RIC-SCT had to be performed in
an intensive-care setting due to severe LCH-related
pulmonary dysfunction and requirement for assisted
ventilation. In addition, this patient presented with a
cirrh0tie liver transformation at diagnosis of LCH, and
was detected to be a heterozygote carrie{ of the alpha-I-
anfitrypsin deficiency allele PiZ.

Bone Marrow Transplantation

Conditioning regimen and SCT

The transplant characteristics of the nine patients are
summarized in Table 2. The median time interval from
initial diagnosis t,o SCT was 350 days (range 124-637 days),
and median age at SCT was 20 months (range 14-30
months). Overall, !2 SCTs were performed in the nine
patients. Three patients (pts. 1, 2 and 7) underwent a
second SCT due to primary graft rejection. One of them
(pt. 1) was initially transplanted according to the Slavi.u
protocol.~ As this protocol is different to the RIC-SCT
procedure presented herein, the data of this patient’s 1st
transplant are not included in this analysis.

The reduced-intensity conditioning regimen applied is
summarized in Table 2 and basically consisted of six
consecutive doses of fludarabine (cumulative do~age 90-
180mg/m~), one dose of melphalan (140regime), three
consecutive doses of antithymocyte globulin (cumulative
dosage 7.5-90mg/kg) and a total iymphoid irradiation
(TLI) (cumulative dosage 2-5 Gy). In four patients (pt. 2
(2nd SCT), pts. 6, 7 (1st SCT), 9), MabCampath (anti-
CD52 antibody) was included in the conditioning regimen
(cumulative dosage 0.6-1 mg/kg), in two of them (pts. 6 and
9) in replacement for TLL Total body irradiation (TBI)
(cumulative dosage 2 Gy) was given to two patients (pt. 2
(2ha SCT), pt. 8).

Four patients, undergoing a total of five RIC-SCT
procedures (pt. 1 (2rid SCT), pt. 2 (lst and 2nd SCT), pt. 7
(1st SCT), pt. 8), received T-cell-depleted peripheral stem
cells from haploidentical parental donors (n---3 pts.) and
a 1-antigen (1-AG) mismatch unrelated donor (n= 1 pt.)
with a median of 28.1 x 106/kg CD34q- cells (range
18-47.7 x 10a/kg). Four patients (pts. 4, 5, 6 and 9) received
unmanipulated bone marrow from matched sibling donors
(n=3) and a matched unrelated donor (n=l) with a
median of 13 x 10~/kg CD34+ cells (range 8.05-16 x 166/
kg): One patient (pt. 7 (2lad SCT)) received red cel!-depleted
bone marrow from a 1-AG mismatch unrelated donor
(3.8 × 10S/kg CD34 ÷ cells) and one patient undergoing
I-AG mismatch cord blood transplantation received
6.27 × 107]kg nucleated cells.

Graft-versus-host disease (GvHD) and rejection
prophylaxis

Prophylaxis for GvHD and graft rejection consisted of
CSA, mycophenolate mofetil 0V~MF)and prednisone in
four patients and CSA with either prednisone, MMF or
methotrexate (MTX) in five patients, with doses of
3--6mg/kg for CSA, 30mg/kg for MMF and 1-3mg/kg
for prednisone.

Engraftment

Engraftment was defined as the first of 3 consecutive days
with an absolute neutrophil count (A_NC) of 500//zl or
greater and the evidence of donor celI origin in at least one
cell line by chimerism analysis. Nonengraftment was
defined as the constant absence of donor cells followed by
~ con~plete auto!ogous hematopoietic reconstitution. Graft
rejection was considered when donor cells were detected in
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Table 1    Patient oharaet~ristics and clinical course prior to nonmyeloabIative SCT

Sex    Age at Clinical signs and symptoms at diagnos~s Ftrst-l#te ¯ Treatment Course of Second-line therapy Clinical signs.and Interval from
diagnos~s therapy response at LCH prior to (prior to 2~C.SCT) symptoms within 4 diagnosis to

week 12 1UC-SCT weeks prior to SCT SCT (days)

pt. I M 4 me Fever, hepatosp!enomegaly, Fred, Vbl, AD stable Progression of 2-CdA, SCT 516
hematopoietle dysf., skin ¥P-16 initial disease (Slavin-protocol)

pt. 2 M .22 me Fever,.hepatosplenomegaly, Pred., Vbl AD worse Progression of Fred., Vbl, 6-MP,
hematopoietie dysf., skin, bone initial disease MTX

pt. 3 M 1.7 me Fever, hepatosplenomegaly, Fred, Ybl, AD better Progression of Pred, Vbl, MTX,
hematopoietio dyer:, lung dyer., skin MTX, 6-MP initial disease ¥P-16

pt, 4 M 12.6 me Fever, hepatosplenomegaly, Fred, Vbl, NAD Reactivation Pred, Vbl, MTX,
hematopoietio dysf., skin VP-I6, 6-MP 6-MP, 2-CdA

pt. 5 M 1.4 me Hepatosplenomegaly, hematopoietie Pred, Ybl. NAD Reactivation Fred, Ybl, MTX,
dysf., skin 6-MP, MTX etanercept

pt. 6 F 12.4 me Fever, hepatosplenomegaly, Fred, Vbl, AD worse Progression of Pred, Ybl, 6-MP
hematopoietie dyer., liver dysf., ascites, VP-16 initial disease
GI tract, skin, bone

pt. 7 F 5.8 me Hematopoietic dysf., skin, bone Fred. Vbl, AD worse Progression of Fred, Vbl, MTX,
6-MP initial disease 2-CdA, Campath

pt. 8 F 9.9 me Fever, hepatosplenomegaly, liver dyer. Pred, Vbl, AD better Progression of 2-CdA, Are-C,
(+clrrhosisl), aseites, GI tract, MTX, 6-MP initial disease etanereept
hematopoietie dysf., skin

pt. 9 F 11 me Fever, hepatosplenomegaly, Fred, Vbl, AD worse Progression of 2-CdA, Ara-C
hematopoietic dyer., lung dysL, G[ MTX initial disease
tract, bone

Fever, progressive
hepatosplenornegaly,
hernatopoietie dysf.,
skin
Fever, progressive 124
hepatosplenomegaly,
h~aatopoie.tio dyer.,
liver dysf., edema,
skin, bone
Fever, progressive 406
hepatosplenomegaly,
hematopoietie dysf.,
liver dysf., edema,
lung dysf., skin
Fever, progressive 531
b.epato splet~omegaly,
hematopoietio dysf.,
skin, bone
Fever, progressive 637
hepatosplenomegaly,
hematopoietio dyer.,
lung dysf., skin, bone
Fever, progressive 124
hepatosplenomegaly,
hematopoietio dysf.,
liver dyer., aseites,
skin, bone
Fever,. progressive 255
hepatosplenornegaly,
hematopoietic dysf.,
liver dyer., skin, bone
Fever, progressive 350
hepatosplenomegaly,
hematopoietic dyer.,
liver dyer. (cirrhosis),
lung dyer. requiring
CPAP ventilation,
skin
Fever, 215
hepatosplenomegal~,
hematopoietie dyer.,
lung dyer., (31 tract,
bone

dysf.=dysfunetion; GI tract=gastrointestinal tract; AD=aotive disease; NAD=non active disease; Pred=prednisone; Ybl=vinblastine; ¥P-16 =etoposide; 2-CdA=2-ehlorodeoxyadenosine; 6-MP=
6-mer~ptopurlne; MTX = methotrexate.



Table Transplantcharacteristics of the nine patients

Age at Donor Stem cells: Conditioning OvHD and
SCT source, regimen rejection

manipulatDn, prophylaxis
CD34 cells[kg

Engraftment

pt. 1" 21 me HaploidenticalPBSC BU (Smg/kg) CSA Yes (early
mother T-cell depleted FLU (180mg/m2)MMF rejection and

27 x l0s ATG (15mg/kg) Prednisone 2nd SCT)

24 me Haploidentica|PBSC TL1 (SGy) CSA.
father T-celt depleted FLU (180mg/m2)MMF

28.1 x 10~ MEL (140mg/m2) Prednisone
ATG (20 mg/kg)

pt. 2a 26 me Haploidentieal PBSC TLI (2Gy) CSA
father T-cell depleted FLU (180mg/m2) MMF

22,6 x l0s MEL (140mg/m2) Prednisone
ATG (7.5 mg/kg)

27 me ’ Haploidentical PBSC TBI (2 Gy) CSA
father T-cell depleted FLU (90mg/m2) MMF

47.7 x 106 Camp (1 mg/kg) Prednisone

pt. 3 15me

pt. 4

ANC > 500/Id Date of Donor Chimerism at Relevant
(in days from last lymphocyte last follow-up transplant-

SCT) transfusion infuaion related
toxicity

+ 40 Full Mucositis
autologous
recovery

+ 17 Death Day +46
I x l0s

CD3/kg

Mixed Mueositis
chimerism (grade 3)

pt. 5

pt. 6

Yes (early
rejeedou and
2nd

Non-
engraftment

+14    --

+18 Day +43
(red cells
and
platelets)

Full         Mueositis
autologous (grade 3)

. recovery

Full
autologous
recovery

Relevantinf ection~

Bacterial
sepsis

CMV-

bacteria/
sepsis

No

NO

Bacterial     No
sepsis

Mueositis Adenovirus- No
infection

I-AG mismatch Cord blood TLI (2Gy) CSA
unrelated donor 6,27 x 107 FLU (180mg/m2) MMF

nucleated cells MEL (140 mg]mz) Prednisoue
ATG (7.5 mg]kg)

Yes +49 Day +201 -- Complete
(red ceils) donor
Day +447 chimerism
(platelets)

Mueoskls CMV-<llsease aGvHD
(grade 3); with (grade 2-3)
hypertension pneumonia; cGvHD
requiring drug bacterial (transient
therapy sepsis until day

+145)

30 me HLA-identical Bone, marrow TLI (2Gy) CSA
brother 15 x 106 FLU (180mg/m2) MMF

MEL (140 mg/m~)

Yes +13 Day + 57 -- Complete
(red cells) donor
Day +69 chimedsm
(,platelets)

Mucositis CMV- No
(grade 2) reactivation

22 me HLA-identical Bone marrow TLI (2Gy)       CSA
unrelated donor 8.05 x 106     FLU (175 mg/m~) MMF

MEL (140mg]m~)
ATG (40 mg]kg)

Yes +13 Day +32 Day +279 Mixed
(r~ cells) 1 x l0s ehimedsm
Day +20 CD3/kg (decreasing
(platelets) Day +31)7 donor signals)

5 x l0s
CD3/kg

Mucositis CMV- No
(grade 2) reactivation

HHV-6
infection;
Salmonella
enteritis

16 rao HLA-identieai Bone marrow FLU (180mg]m2) CSA
sister         16 x 106      MEL (140mg/m2) MMF

Camp (1 mg/kg) Prednisone

Yes +21 Day +30 Day +66 Mixed
(red cells 1 x 107    ehimerism
and CD3/kg
platelets)

Mucositis No No
(grade 1)



Table 2    Continued

Age at Donor Stem cells: Conditioning GvHD and Engraftment ANC > SO0/#l Date of Donor Chimerism at 2~elevant

source, regimen rejection (in days from last lymphocyte last follow-up transplant-
manipulation, prophylaxis SCT) transfusion infusion related
CD34 cells[leg toxicity

pt. 7* 14 me Haploidentieal PBSC "17.,1 (2Gy) CSA Yes (late + 14 Day + 61 -- Full Mucositis
mother T-cell depletedFLU (150mg/m2) Prednlsone rejection and (red cells) autologous (grade 2)

18 x 106 MEL (140mg[m2) 2nd SCT) Day +71 recovery
Camp (0.6 mg/kg) (platelets)

22mo 1-AGmismatch BonemarrowFLU(180mg/m~) CSA Yes +20 Day +21 Complete
unrelated donor Red cell MEL (140mg/ma) MMF (red cells), donor
(9]10) depleted ATG (60mg~kg) MTX Day + 20 chimerism

3.8 x 10~ (plts)

No

l~elevant
Infections

Bacterial
sepsis

GvHD

No

No

pt. 8’ 21 mo I-AG mismateh PBSC        TBI (2Gy)       CSA        Yes             +23    Death    --        Complete    Mu~ositis
unrelated donor T-cell depleted FLU (180mg/m2) MTX donor (grade 2)

30 x 106 MEL (140 mg/m:z) chimerism
ATG (90 mg/kg)

CM~/-diseass No
with
pneumonia;
baoteriM

pt. 9 18 me HLA-identical Bone marrow FLU (150mg/mz) CSA Yes + 12 Day +8 -- Complete Mueositis Prolonged No
sister 11 × 10~ MEL (140 rag/mu) MTX (red e~lls) donor (grade 2) adenovirus

Camp (1 mg]kg) Day +22 ohimerism infection,.
(platelets) HHV-

bffection

NAG mismatoh=l-antlgen mismatch; PBSC--psripheral blood stem cells; BU=busulfan; FLU=fludarabine; MEL=melphalan; ATO-=antithymocyte globulin; TLI=total lymph node irradiation;
TBI---- total body irradiation; Camp = Camp~th; CSA = eyelosporin A; MMF--mycephenolate mofetfl; aGvHD = acute graft-versus-host disease; ANC= absolute neutrophil count; cGvHD -- chronic graft-
versus-host disease.
’pts. 1, 2and 7 underwent two SCTs.
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at least one ce!l subset, followed bS’ subsequent recipient
chimerism in all cell subsets before day +28 (early
rejection) or thereafter (late rejection)-

Chimerism was determined by polymerase chain reaction
based on the amplification of short-tandem-repeat markers
(STR-PCR) or variable nucleotide tandem repeat markers
in eight patients (pts. 1-7 and 9). In one case of sex
mismatch transplant, chimerism was assessed by XY
chromosome fluorescence in situ hybridization analysis
(pt. 8). The chimerism pattern was analyzed on a
semiquantitative basis by defining three chimerism pat-
terns: (1) recipient chimerism - no donor cells detectable by
means of STR-PCR, (2) mixed chimerism - recipient and
donor allelic signals detectable by STK-PCR and (3) full
donor chimerism - no recipient ~dlelic signals detectable by
STR-PCR.

rejection 130 days post transplant. Thispatient maderwent
a second RIC-SCT from a 1-AG mismatch unrelated donor
and had full donor chimerism at the last follow-up (100
days post 2nd RIC-SCT).

Overall, after (last) RIC-SCT, five of the nine patients
had full donor chimerism at day + 28 (.pts. 3, 4 and 7-9),
which persisted until the last follow-up (692, 581, 100, 69
and 390 days post-SCT, respectively).

In two patients (pt. 1 and 6), mixed chimerism remained
unchanged until the last follow-up. One patient (pt. 5)
showed decreasing donor chimerism and received donor
lymphocyte infusions, which had not shown a major effect
at the time point of last follow-up.

Seven of the nine patients (pts. 2-7 and 9) reached
transfusion independence from platelets and red cells after
a medima of 37 and 38 days post transplantion, respectively
(range for platelets 20-447 days; range for red cells 8-201
days). Two patients died before achievement of transfusion
independence (pts. 1 and 8).

Follow-up

Follow-np information was regularly obtained either by
examination in the transplantation unit of the St Anna
Children’s Hospital (pts. 1, 2 and 6) or by appropriate
questionnaires and medical reports sent from the partici-
pating instittttious (pts. 3-5 and 7-9).

GvHD was graded according to the Glucksberg cri-
teria,z9 Disease state was defined as described above.
Hepatic and hematopoietic function was assessed on day
+ 100. Performance status at last follow-up was documen-
ted using the Lansky play scale?° Survival was estimated by
the Kaplan-Meier method?~

Results

The clinical course after RIC-SCT with respect to engraft-
ment, chimerism and transplant-related morbidity is
demonstrated in Table 2.

Engraftment and chimerism

Following (first) RIC-SCT, primary engraftment with more
than 500//A ANC and donor chimerism in at least one cell
population was seen in all patients. The median time to
engraftment was 14 days (range 12-49 days) with the
mkjority engrafting between !2 and 23 days. Late engraft-
ment at day + 49 was seen, as expected, in the patient with
1-AG mismatch cord blood transplantation (pt. 3). Two
patients subsequently rejected the graft fol!owing haplo-
identical RIC-SCT (pts. 2 and 7). One of them (pt. 2) had
neutrophil engraftment at day + 14 with a short period of
detectable donor allelic signals, but subsequently experi-
enced an ez_rly rejection with complete autologous hema-
topoietic recovery. This patient underwent a second
haploidenfical PdC-SCT and showed nonengraftment with
full autologous reconstitution of hematopoiesis. The other
patient (pt. 7) showed regular engraftment at day + 14 with
full donor chimerism, but subsequently developed decreas-
hag donor allege signals, followed by late secondary graft

Graft-versus-host disease

One of the seven patients (pt. 3) with mismatch cord blood
transplantation developed grade II-III acute GvHD invol-
ving the gastrointestinal mucosa, the liver and the skin,
followed by limited chronic GvHD, both responsive to
immunosuppressive therapy.

Transplant-related morbidity and mortality

Toxic and infectious complications are sumxna~ized in
Table 2. Mucositis ranging between WHO grade I and
was the most common toxic side effect noted and was
present in almost all patients. None of the patients
developed veno-occlusive disease and the hepatic toxicity
did not exceed WHO grade 3 and resolved in al! cases. One
patient (,pt. 3) developed arterial hypertension and required
antflaypertensive drug therapy.

Viral infections were documented in seven patients. In
one of them (pt, 8), cytomegalovirus (CMV)-associated
pneumonia together with LCH-related lung dysfunction led
to fatal deterioration of pulmonary function. Bacterial
sepsis with positive blood cultures was seen in five patients.
One of them died (pt. I) due to a Crram-negafive sepsis
(Klebsiella) on day +50 following the second haplo-
identical SCT.

Clinical recovery from the underlying disease after
2dC-SCT

Recovery from the underlying disease was evaluated after
SCT by clinical parameters of remission of hematopoietic
dysfunction, regression of hepatosplenomegaly and remis-
sion of fever. Hematopoietic dysfunction, defined as stated
above, was associated with persistent requirement of red
cell and platelet transfusions in a!l patients during a broad
time period up to SCT.

Two patients who died early (pts. 1 and 8) did not
experience a comprehensible clinical recovery after RIC-
SCT. In the remai~ting seven patients (pts. 2-7 a~d 9)
hemat0poietic function slowly recovered after (last) RIC-
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SCT and sustained transfusion i~dependence was reached
after median of 38 days (Table 2). Also, hepatospleno-
megaly gradually regressed over a median of 8g days (rauge
42-581 days) and fever subsided over median of 33 days
(range 9-231 days) (see Table 3 and two illustrative cases in
Figure 1).

OIZ[:COYrt~

After a median follow-up of 390 days post transplant
(range 215-881 days), seven out of the nine patients are
alive and without any signs of active LCH disease (pts. 2-6,
7 and 9). Patient 2 i~itially rejected the haploidenfical graft
and underwent a second haploidenfical RIC-SCT, which
was again followed by nonengraftment and full autologous
reconsfitution of hematopoiesis. Under additional therapy
post transplant, consisting of etanercept and 6-MP]MTX
(see Table 3), he became disease free within 3 months after
the 2nd SCT and is off any therapy and in excellent clinical
condition without any signs of disease activity 770 days
post transplant.

At the time of last follow-up, the Lansky play scale
ranged between 70 and 100% (median 100%) in the seven
survivors, with four of them being off any therapy (Table 3).
The corresponding probability of survival was 78_+ 14%.

Two patients died 50 and 69 days after tLtC-SCT,
respectively (pts. 1 and 8). Patient 1 engrafted following the
second haploidenfical SCT (!LIC-SCT), but subsequently
died after 50 days due to Gram-negative sepsis. Patient 8
with severe organ dysfunction prior to RIC-SCT (details
above) subsequently developed a fatal acute respiratory

SCTwith reduced-intensity condifioning for high-risk LCIt
~ Steiner et al

distress syndrome, which was supposed to result from the
combination of LCH-r.elated lung disease and a CMV-
associated pneumonia in the presence of a CMV IgG-
negative donor. Both patients who died had not shown a
reduction of hepatosplenomegaly or a persistent remission
of fever at any time point after transplantation.

Discussion

Megatherapy followed by SCT as a therapeutic option for
LCH emerged in 1987, when an allogeneie BMT was
successfully performed by Pdngden et aI9 in a 20-year-old
male ~afient. Subsequently, a few cases of allogeneic SCT
in LCH patients failing other therapeutic approaches have
been published.~°-2’ In order to critically evaluate the
published data on myeloablative allogeneic SCT, we
exclusively reviewed publications concerning pediatric
LCH patients with involvement of risk organs prior to
SCT (Table 4). In all, 29 pediatric patients underwent
myeloablative allogeneic SCT for LCH with risk organ
involvement. Overall survival was 48% (14/29 patients),
and the transplant-related mortality was exceedingly high
with 45% (13/29 patients). Pre-existing disease-related
hepatic, hematopoietic and pulmonary dysfunction
together with a substantial toxic and infectious pre!oad in
the majority of the patients seemed to be the major cause
for the high transplant-related morbidity and mortality.
This high susceptibility to severe regimen-related toxic
complications represented the major rationale for the
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Table 3 Post transplant therapy, clinical recovery and outcome

2"herat~y post _P, IC-SCT (besides GvHD Regression of
prophylaxis} hep.splenomegaly[

remission of fever
(in days post-SeT)

pt. 1 No --

pL’2 Etanereept until day + 200 post-2nd SCT $$/37!

Oral 6-MP and M’IX from day + 200 until
day + 600 post-2iad SCT

pt. 3 2qone 5!7/231

pL 4 None 581/34

pt. 5 None !81]18

pt. 6 Campath from day + ! to day + 5 (I mg]kg) 42133

pt. 7 None 30/30"

Outcome and therap~ at last Observation
follo~�-up time (in days

from 1St SCT)

pL 8 ]~tanereept

p~. 9 Immv.uoglobulins (persistent lymphopenia) 87/9

Death, d~y + 50 after 1LIC-SCT --
due to Klebsiolla sepsis
Alive, NAD, off therapy, 770
Lansky play s~ale: 100%

Alive, NAD, off therapy,
La~sk’y play scale: 100%
Alive, NAD, off therapy,
Lansk-y play ~a!e." 100%
Alive, NAD, off therapy,
Lansky play scale: 100%
Alive, NAD therapy: GvHD
prophylaxis,
Lans~ play scale: "/0%
Alive, NAD, therapy: CrvHD
pr0phylaxis,
Lansky play seale:80%
De~th dzy + 69 du~ to
pulmonary insufficiency (LCH
dis ~e~ and ~ infection)
Alive, HAD, therapy: GvHD
prophylaxis~ immunoglobulius,
Lansky play scale: 100%

881

710

310

215

350

390

*Days post-2nd SCT in patients 2 and 7.
NAD = non active disease; 6-1VIP = 6-mereaptopufine; blTX = methotrexate.
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10.
9’

Patient 2
10

Spleen 8

2,

12 24 36 48 60 72 84 96 108120~32144
Days post transplantation

12 24 36 48 60 72 84 96 108120133145
Days post transplantation

Figure 1 Post-transplant clinical r~covefy in two representative cases (pts. 2 and 6): the upper diagrams r~pre~nt the ~ourse of hepatosplenomegaly and
the lower diagrams the course of fever.

development of an intensity-reduced conditioning regimen
for this patient population.

Further reasons to favo~ a nonmyeloablative transplaut-
ation procedure relate to the pathophysiologic mechanisms
involved ~u LCH. Although the main etiologic issues
of LCH still remain enigmatic and there is much debate
whether the disease is basically a reactive or rather a
neoplastic one, it has become evident that an ~mtmo-
logical derangement leading to an abtmdant cytokine
productio~ is one of the key m~chanisms respo.nsible for
the diverse disease manifestations?"~’~2-~ In contrast to
malignant diseases in which the conditioning regimen £s
warranted in order to eradicate the patient’s hematopoiesis,
the therapeutic effect of SCT in LCH may result from the
suppression and modulation of a severe immunologica!
dysregnlation by both, the highly immunosuppressive
conditioning regimen and the donor immune ceils.

I.u our s~dy cohort, the KIC regimen was well tolerated
and transplant-related toxicity and mortality was consider-
ably lower than for myeigablafive conditioning regimens
reported to date. Two deaths occurred among the nine
patients included in our analysis, which translates into an
overall .sutUral rate of 78% in rislc patients, compared to a
48% survival among 29 risk patients with myeloablative
SCT r~ported i~ the literature (Table 4). One patient, with
heterozygote alpha-l-antitrypsin deficiency, liver cirrhosis.
at diagnosis and a severe LCH-related pulmonary dysfunc-
tion, requixSag assisted ver~til~t~oa at the time of SCT, died
due to virus (CM-q)-induqed respiratory distress syndrome.

Apart from this death and another death due to septic
complications, all other patients experienced expectable
mild-to-moderate transient procedure-related complica-
tions only and these patients are alive and in good clinical
condition 215--881 days after transplantation with no
evidence of AD in six and stable disease activity in one
(Table 3). Therefore, it seems probable that the low
transplant-associated morbidity and mortality of tLIC-
SCT may have translated into a significantly improved
survival for this high-risk patient population. However, it
has to be stressed that the median observation time after
SCT is still too short to conclude on the long-term course of
the disease itself.

Overall, our data, together With the data published by
Rao et aP~ on two patients, who u~derwent successful KIC-
SCT for high-risk LCH, demonstrate that RIC-SCT is a
feasible treatment option for high-risk LCH and that cure
can be achieved Without myeloablation. Notably, even in
those patients who responded well to tLIC-SCT, clinical
recovery from the underlying disease after traztsplanmti0n
was slow and protracted (Figure 1). This might reflect a.
slow, gradual decrease of cytokine load a~d related
symptoms and seems to be a pecu~arity for this disease,
which the transplanting physician should be aware of.

LLuea~e-specific ckime~sm seems to have an important
irapact on the outcome following reduced-intensity con-
ditioning concerning graft rejection.~ The J.mpact of donor
chimerism within the different ceil populations on LCH
remaLus open. The therapeutic effect of al!ogeneic SCT

~one Marrow Transp|antat~on
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Table 4 Literature review: outcome of pediatric LCH patients with risk.organ involvement, who underwent allogeneic SCT

Reference Age at SCT (months) Donor Conditioning Outcome S’urvival (days after SCT) Cause of death

Greinix et alt’ (UPN5187) 25 MSD
Frost and Wiersma~ 16 MSD
Center et alt~ 27 MSD
Broadbent and Ladiseh 14. (pt. 1) 20 MSD
Broadbent (ft, 2) 22 MSD
Broadbent (ft. 3) 12 Haplo (2x)

Broadb~nt (pt. 4) 20 MSD
Broadbent (pt. 5) 15 MSD
Broadbent (ft. 6) 65. MSD
Broadbent (pt. 7) 29 MSD
Broadbent (ft. 8) 8 MSD
Broadbent (pt. 9) 28 MSD
Broadbent (ft. 10) 14 MSD
Ay~ et al~6 Unknown MSD
Egeler et al~ (1) Unknown Haplo
Egeler (2) Unknown Haplo
Kiuugawa et al~7 (1) 51 Sibling 4/6
Kh~ugawa (2) 59 MSD
Kinugawa (:~) 171 Syngeneio twin
Kinugawa (4) 16 MSD
Suminoe et ~l~8 17 CBT unrelated
Nagarajan et al~9 21 ’ CBT unrelated
Ha~e et a/~° (pt. 1) 3 Unrelated 6/6
Hale (pt. 4) 21 Unrelated 5[6Akkari et alz~ (2106132)

20 MSD
Akkari (21061.69) 14 MSD
Akkari (2106143) 29 MSD
Akkari (1406021) i9 MSD
Akkad (1406244) 37 Unrelated matched

TBI/CY Alive, NAD > 820
TBI/CY[VPI6 Alive, NAD 480
BU/CY/MEL Alive, NAD 750
TBI/CYiVPI6 Dead Unknown
BU/CY/VPI6 Dead Unknown
1. BU/CY/’VP16/ATG Dead Unknown
2. TBI/MEL/ATG
TBI/CY/VP16 Dead Unknown
BU/CY Alive, with LCH Unknown
BU/CY/VP16 Alive, NAD Unknown
BU/VPI6 Dead Unknown
BU/CY Dead Unknown
BU/CY Alive, NAD Unhmwn
BU/CY/¥P16 Dead Unknown
BU/CY[VP 16 Alive, NAD 365
TBI/CY/ATG Dead 12
TBI[CY/ATG/TT D~ad 45
BU[CYIMEL Alive, NAD 1020
TBI/CY/VP16 Dead 100
CY/VP16/ATO Alive, NAD 1470
TBI/CY Dead 9
TBI/VP16/MEL Alive, NAD ¯ 365
BU[CY/VP16/ATG Alive, NAD 730
TBI/CY/Ara-C Dead 33
TBIICY/Ara-C Alive, NAD 1620
BU]VP16 Alive, NAD 4380
BU/CY/VP16 Dead 690
BU/CY Dead 32
BU/CY Alive, NAD 630
TBI/VP16 Dead 120

.Transplant-rdated (VOD liver)
Transplant-related (respiratory failure)
Transplant-related (capillary leakage)

LCH-related (progressive disease)

Transplant-related (septicemia)
Transplant-related (VOD liver)

Transplant-rdated (re~plratory failure)

Transplant-related (respiratory failure)
Transplant-related (adenoviral infection)

Transplant-related (sepfieesnia)

Transplant-related (septicemia)

Transplant-rdated (multiorgan failure)

LCH-related (progressive disease)
Transplant-related (toxioity)

Transplant-related (multiorgan failure)

~Broadbent: Patients from citation as specified and from personal commtmication,
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might be due to the eradication of pathologic Langerhans
cells by the donor lymphoid cells (graft vs histiocytosis
effect). Another mechanism might be the correction of" the
pathologic immunological crosstalk by the replacement of
one or more cell popu!ation~ involved, la our" patient
cohort, mixed ehimerism in T cells together vfith complete
myeloid donor chimerism as well as donor T-cell chimerism
with mixtimal donor myeloid chimerism was associated with
a stable resolution of disease activity.

A potential disadvantage of RIC-SCT is the increased
risk of nonengraftment and graft rejection. With regard to
our patient cohort, stable engraftment following RIC-SCT
may be expected for mamanipulated grafts from matched
donors, but seems questionable for T-cell-depleted haplo-
identical grafts. However, it has to be stressed that
nonengraftment or rejection following RIC-SCT is not a
life-threatening event, is associated with complete auto-
logous hematopoietic recovery a~d, importantly, does not
necessarily implicate an exacerbation of LCH. Further-
more, the highly immunosuppressive conditioning regimen
together with the pharmacologic GvED and rejection
prophylaxis may decisively contribute to the stabilization of
the disease. This has been shown by Akkari et al~ and
K_inugawa et aP7 who reported on two patients who failed
engraftment followed by a complete autologous recovery of
hematopoiesis and resolution of disease activity. Both
patients were still alive and disease free 12 and 3 years after
transplantation at the time of reporting. A similar clinical
course was observed in one of our patients (pt. 2).
Retrospectively, it remains open whether the role of the
donor immtme system, the conditioning regimen, particu-
larly the use of Campath,37 or, if administered, the post
transplant immmaomodulation (eg etanercep038 achieved
the disease remission in these patients with nonengraftment
or rejection following SCT.

Ia conclusion, RIC-SCT in high-risk LCH is a promising
new salvage approach for LCH patients with resistant risk
orga~ involvement. Further studies are warranted in order
to evaluate the impact of the immunosuppressive con-
ditioning as well as the lineage-specific chimerism on the
outcome following RIC-SCT for high-risk LCH.
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