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Figure 1: Flow-sheet for Children with Hemophagocytic Lymphohistiocytosis (HLH) in HL.H-2004

Genetically verified or

—— > Familial >  Continuation therapy until SCT
| disease
Register and start’: Persistent
Patients > Initial 8 weeks ——— non-familial, > Continuation therapy until SCT
with HLH * chemotherapy non-genetically verified
— > Resolved —  Stop
non-familial, therapy
non-genetically J
verified Reactivation —  Continuation therapy until SCT

* If there is a treatable infection it should be treated but be aware that this may not be sufficient and the patient may need HLH-treatment in addition.
All severe forms should start HLH-treatment. If HLH is persistent or recurring consider that the patient may have an undiagnosed inherited disease.
HLH may also develop secondary to a number of other diseases as malignancies, theumatic diseases and metabolic disorders, requiring a different
treatment.

# Start therapy if the patient has a genetically verified disease, a familial form of HLH, or if the disease is severe, persistent, or recurrent.
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Figure 2: Treatment protocol overview for Hemophagocytic Lymfohistiocytosis (HLH-2004)
«— INITIAL THERAPY —« SCT / CONTINUATION THERAPY - Go to SCT during continuation therapy
as soon as an acceptable donor is available
(dexamethasone daily) (dexamethasone in pulses #) with - HLA-identical related donor or
_ -~ _ - -~ -~ - _ - Matched unrelated donor or
| 10 mg | | | | | | | | | | | | | | | | - Mismatched unrelated donor or
Dexa (mg/m2) | Smg | | | | | | | | | | | | | | | | | - Family haploidentical donor
| 2.5 mg| . | | | | | | | | | | | | | | | | (further SCT information: see text)
| 1.25 mg i L i i L [ [ i
A donor search as soon as possible is
VP-16 VWVWV V V V. V V V \% \% \% \% \% \% \% suggested in familial patients and poorly
responding patients, and is to be considered
CSA ’ in infants.
LT. therapy T T "D
Doses calculated per m2 also if BW <10kg
1 2 34 56 7 8 9*%10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
* = EVALUATION, see Table 1
weeks 25 26 27%28 29 30 31 32 33 34 35 36 37 38 39 40* § See Fig 1 for info on start of Continuation
Dexa = Dexamethasone daily with 10 mg/m2 for 2 weeks, 5 mg/m2 for 2 weeks, 2.5 mg/m2 for 2 weeks, 1.25 mg/m2 for 1 week; and taper then discontinue during 8" week.
# Pulses every second week with 10 mg/m2 for 3 days during the continuation therapy.
VP-16

= Etoposide 150 mg/m2 i.v., twice weekly for the first two weeks, then weekly during the initial therapy. Every second week during the continuation therapy.
Only in certain conditions, such as if ANC <0.5 x10%/L and the bone marrow is hypocellular (which only rarely is the case), can the first two doses be omitted.

CSA = Cyclosporin A aiming at levels around 200 microg/L (monoclonal, trough value). Start with 6 mg/kg daily orally (divide in 2 daily doses), if normal kidney function.

LT. therapy : T =Methotrexate doses by age: <1 year 6 mg, 1-2 years 8 mg, 2-3 years 10 mg, >3 years 12 mg each dose.
Prednisolon doses by age: <1 year 4 mg, 1-2 years 6 mg, 2-3 years 8 mg, >3 years 10 mg each dose.
Maximum four doses are suggested, but start only if progressive neurological symptoms or if an abnormal CSF has not improved.

Supportive therapy: Cotrimoxazole, eq 5 mg/kg of trimethoprim, 2-3 times weekly (week 1 and onwards). An oral antimycotic from week 1 to week 9.
IvIG (0.5 g/kg iv) q 4 weeks. Gastroprotection suggested week 1-9.
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Figure 3. Documentation Sheet for the Initial Therapy in HLH-2004 (week 1-8)

(To be sent to local subcenter/coordinator, with Follow-Up Report Sheet 2 months after onset of therapy)

Year: Family name:......................... GIVEN NAME: ... ot cvvien e e DOB (yy/mm/dd) : ....../c...../......

S

Weight:.................kg Length:...............cm Size:.................m
10 mg/m? |

5 mg /m?

Dexa (mg)
1.25 mg /m?

VP-16 150 mg iv/m?
Day

Month

pordmy.cachweer 1 [ | |
v V. ¥V \% \Y \Y% %
(.| | |
1| | |

Mg VP-16 (per dose) | | | || | | ” | | | | | | |

CSA week 1 -8 |

Mg CSA administered
(per day, each week) I:I

L1 ]
CSA plasma level I:I I:I I:I | | | | | | | |
f

BRI ENE

(microgram/L)

LT. Therapy |:

-----------------------------

(Start only if progressive Day ! .

neurological symptoms, et Foe oo ool Foosols
or if an abnormal CSF ' I I I
not has improved)

Mg Mtx administered | | | |
Mg pred administered | | | |

jui

Weeks 1* 2 3* 4 5%
*= EVALUATION, see Table 1
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Figure 4. Documentation Sheet for the Continuation Therapy in HLH-2004 week 9-24

(To be sent to local subcenter/coordinator, with Follow-Up Report Sheet 6 months after onset of therapy)
Year:

Familyname:..................cooooiiinnn, Given Name:.........ocoevevenenenennnn. DOB (yymm/dd) : ....../......./.....

DexalOmg/m2 St =7 =7 S =7 :--I :", :“I
for 3 days in each pulse Lo L b L ] C | ] b

started:

Date pulse { Day I:I I:I I:I
Month[ ] ] [ ]
I s N e

Mg Dexa administered
(per day, each pulse)

VP-16 150 mg/m>  \/ vV

\Y v
. Day { | | | | I:I I:I
Date: Month | | | | I:I I:I
pmeentdoe [ ] [ ] [ ]

CSA week 924 |

Mg CSA administered | | | | | | |
(per day, each week)

CSA plasma level | | | | | | | |
(microgram/L)

Weeks 9* 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
* = EVALUATION, see Table 1
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Figure 5. Documentation Sheet for the Continuation Therapy in HLH-2004 week 25-40

(To be sent to local subcenter/coordinator, with Follow-Up Report Sheet 12 months after onset of therapy)
Year:

Familyname:..................oo GIVeN NAME:. ..., DOB (yy/mm/dd) : ....../....../.....

Dexa 10 mg/m?
for 3 days in each pulse

{ I s e T s
started:

vwo ] [ [ [J [ [ [ [
mpessmibest ] ][] [ [ [J [ [

VP-16 150 mg/m* \V/

\Y%
{| I
Date:
sl ) [ [ [
Administered dose | | | | I:I
(mg VP-16)

CSA week 25-40 |

Mg CSA administered | | | | | | |
(per day, each week)

Cavwmaiedt [ ][] [] [ ]
Weeks 25 26 27% 28 29 30 31 32 33 34 35 36 37 38 39 40*

*= EVALUATION, see Table 1
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Table 1: Assessment for patients with HLLH (in HL.H-2004)
Ifre- If CNS-

. «— weeks of treatment —  Every activ- activ- Pre-
Required evaluations 1 2 3 45 6 7 8 9 11131517192123252729313335373941 12mo ation ation  SCT
Hb, WBC, diff, platelets « once weekly — « recommended every second week - X X X X
Ferritin, transaminases <« every second week — <« recommended every second week = X X X X
Triglycerides, fibrinogen <« every second week — x X X X X X X
Creatinine , <« every second week — <« recommended every second week - X X X X
CSA-levels « recommended initially weekly, later every second week - X X X X
APTT/PT/D-dimers x (then follow as clinically indicated) X X X
GFR recommended as early as feasible in association with CSA-start, at least if creatinine is elevated, and later as indicated
CSF (cells/protein) X x X X X) (x) (x) (x)7 x) x X X
Histology/cytology” X X X
Chest X-ray (or CT) X (x) x) ® ® x  x X
Abdominal ultrasound (or CT) x x) (x) , X X X
MR of the brain X x) (x) x) x) x X X
NK-cell activi‘[y45 X x) X
Genetic analyses . X ,
Soluble IL-2receptor (sCD25) (x) x) x) (x) (x) x ) (x)

1 Additional pre-treatment investigations, with reticulocytes, serum electrolytes and, in particular, the infectious investigation, see page 20.

HLA-typing as soon as feasible (see page 21).

Investigations in brackets are optional and are to be done only if there has been previous signs of involvement of the particular analysis.

Monoclonal antibody assay of whole blood.

Safe and available tissue, such as bone marrow, lymph node, liver or CSF

Specific HLH-2004-1laboratories suggested (for addresses, see page Appendix-19)

Genetic analysis for perforin and hMunc gene defects or flow cytometry perforin screeening is recommended. Specific HLH-2004-laboratories suggested (see page App-19).
Soluble IL-2 receptor (sCD25) is optional, since it is not readily available, but suggested if available. As a voluntary parameter, it may analyzed more frequently.

The additional examinations after 40 weeks intended for patients stopping therapy at this point.

NN bW
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GENERAL BACKGROUND

Nomenclature

The term histiocytoses identifies a group of disorders that have in common the
proliferation of cells of the mononuclear phagocyte system, with the histiocyte as a
central cell. The histiocytic disorders are, at present, in brief classified as follows (1):

DISORDERS OF VARIED BIOLOGICAL BEHAVIOR
o Dendritic cell-related disorders (incl Langerhans cell histiocytosis)
e  Macrophage-related disorders

MALIGNANT DISORDERS

Hemophagocytic lymphohistiocytosis (HLH) includes the great majority of patients with
macrophage-related disorders (1-5). HLH comprises two different conditions that may be
difficult to distinguish from each other (4-7):

(1) Familial hemophagocytic lymphohistiocytosis (FHL) (primary HLH)
FHL is an autosomal recessive disease, in some patients associated with decreased
apoptosis triggering (8). One of the underlying gene defects can be mutations in the
perforin gene (9-15), which account for 20-40% of all affected FHL families (10). This
causes a defect in NK- and T cell cytotoxicity (12, 16-22). Mutations in the gene hMunc
13-4, essential for cytolytic granules fusion, may also cause FHL (23). Despite the name,
familial hemophagocytic (erythrophagocytic) lymphohistiocytosis (FHL or FEL), the
family history is often negative, since the disease is recessive. The onset of FHL and
bouts of the disease may be triggered by infections. The incidence of FHL has (in
Sweden) been estimated to 1.2/1,000,000 children/year (around 1:50,000 live born) (24).

(11) Secondary hemophagocytic syndrome (secondary HLH, sHLH)

A macrophage activation syndrome (MAS) with hemophagocytosis may develop
also as a result of a strong immunological activation of the mononuclear phagocyte
system, such as a severe infection. The condition has been described in immuno-
compromised hosts in association with viral infections and the term virus-(infection-)
associated hemophagocytic syndrome (VAHS, or IAHS) is also frequently used (5,25), but
most patients are not immuno-suppressed. Bacteria and parasites may also induce
secondary HLH (5,6), as well as rheumatoid disorders. sHLH may also develop during
malignancies (malignancy-associated hemophagocytic syndrome, MAHS), in association
with metabolic disorders, and following prolonged intravenous nutrition (fat overload
syndrome) (5,6). Importantly, although sHLH may subside spontaneously, it may also be
associated with pronounced mortality (5). It is important to remember that some patients
with no evidence of mutations or familial disease might be affected of other presently
unknown genetic defects. In these patients evidence of persistently impaired NK activity
should be considered as a relevant information with possible prognostic implication (26).

NOTA BENE 1: Importantly, although HLH traditionally, and theoretically, is
separated in familial (primary) and secondary HLH, this distinction may not be possible
in the initial clinical setting until improved molecular diagnosis is available. Proving an
acute infection at onset does not have any major therapeutic importance, since not only
sHLH but also FHL often features a triggering infectious agent (27).

Therapeutic overview

(1) FHL is an invariably fatal disease, with a median survival of < 2 months after
diagnosis if untreated (2). Survival and cure includes first an initial/continuation
therapy, and thereafter a successful allogeneic SCT.

(i)  Patients with secondary HLH may also need initial HLH treatment. The treatment
may then have to be adapted depending upon the underlying cause of the disease.

The present treatment protocol HLH-2004 has been designed for the primary, inherited
disease FHL, as well as any severe form of HLH, in patients aged <18 years.
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INTRODUCTION

Aims

1) To provide and evaluate a revised initial and continuation therapy, with the goal
to initiate and maintain an acceptable condition in order to perform a curative
SCT, for patients with familial, relapsing, or severe and persistent HLH.

2) To evaluate and improve the results of SCT with various types of donors, and to
evaluate the prognostic importance of the state of remission at the time of SCT.

3) To evaluate the neurological long-term complications, with regard to early

neurological alterations and CSF-findings.

4) Improved understanding of the pathophysiology in HLH by biological studies on
genetics and cytotoxicity in affected patients, including genotype-phenotype
studies and the prognostic value of NK-cell-activity subtyping.

Rationale

Ad 1. The prognosis for HLH-children has improved recently with the HLH-94 protocol
(28,29). However, although HLH-94 was successful in the vast majority of the affected
children that were admitted to SCT, around 20-25% of the children died during the pre-
SCT phase (29). An attempt to improve the protocol is suggested. Since most of these
deaths occurred during the first 2 months, this period is studied in more detail.

Ad 2. HLH-94 data suggest that although children who responded well to initial pre-SCT-
induction fared best, active HLH may not automatically preclude performing SCT (30). It
is important to clarify the prognostic importance of the disease activity at the time of
SCT.

Ad 3. Neurological complications are the most important long-term sequelae in HLH.

Ad 4. Genotype and NK-cell-activity subtyping appear to have prognostic value (15), and
patients with NK-type-3-deficiency appear to most likely require SCT to survive (22, 23).

Hypotheses

- The outcome of children with HLH may be further improved, as compared to HLH-94,
by moderate modifications in the treatment protocol.
- Genotype and NK-cell-activity-subtype may have prognostic value.

SUMMARY OF THE HLH-94 RESULTS (29)

113 eligible patients aged <15 years from 21 countries started HLH-94 between July 1,
1994 and June 30, 1998. They all either had an affected sibling (n=25) and/or fulfilled the
Histiocyte Society diagnostic guidelines (6). At a median follow-up of 3.1 years, the
estimated 3-year probability of survival overall was 55% (95% confidence interval +/-
9%) and in the familial cases 51% (+/-20%). Twenty enrolled children were alive and off-
therapy for >12 months without SCT. For patients who were transplanted (n=65), died
pr10r to SCT (n=25) or were still on therapy (n=3), the 3-year survival was 45% (+/-

10%). The initial and continuation therapy was successful in altogether 88/113 (78%)
children, in that they were either admitted for SCT (n=65) or were still alive at last
follow—up (n=23). Similarly, 80% (20/25) of the patients with a positive family history
received SCT. The 3-year probability of survival after SCT was 62% (+/-12%)).

Survival as reported in the three largest reports on HLH.

Publication Year No. pts Survival

Janka (review) (2) 1983 121 5% (1-yr)*,
Arico et al (3) 1996 122 22% (5 yr)
HLH-94 (29) 2002 113 55 % (5- yr)
HLH-94 (familial cases) (29) 2002 25 51% (5 yr)

§ Out of 121 patients reviewed, 5/101 with follow-up data survived more than 12 months
* Probability of survival according to Kaplan-Meier estimate
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DIAGNOSIS AND CLINICAL PRESENTATION

The most typical findings of HLH are fever, hepatosplenomegaly and cytopenia. Other
common findings include hypertriglyceridemia, coagulopathy with hypofibrinogemia,
liver dysfunction, elevated levels of ferritin and serum transaminases, and neurological
symptoms that may be associated with a spinal fluid hyperproteinemia and a moderate
pleocytosis (2-4, 6, 31). Other clinical findings may be lymphadenopathy, skin rash,
jaundice and edema. Spontaneous partial remissions are common (32).

Histopathological findings include a widespread accumulation of lymphocytes and
mature macrophages, sometimes with hemophagocytosis affecting especially the spleen,
lymph nodes (if enlarged), the bone marrow, the liver and the CSF. In the liver, a
histological picture similar to chronic persistent hepatitis is commonly found (33). Other
frequent abnormal laboratory findings in HLH are low natural killer (NK) cell activity
(12,16-22), and a hypercytokinemia in serum and the CSF (34-41), in particular elevated
soluble interleukin-2 receptor (sIL-2R) levels (sCD25) (21,35,41).

Many conditions can lead to the clinical picture of HLH, including malignancies
(leukemia, lymphoma, other solid tumors), infections (viral, bacterial or parasitic), and
rheumatoid disorders (for MAS-therapy, see page 23). In addition, there are diseases
which may resemble HLH at first look, as Langerhans cell histiocytosis, X-linked
lympho-proliferative syndrome (XLP), and Chédiak-Higashi and Griscelli syndromes
(5,6,42-48). Notably, XLP, Chédiak-Higashi syndrome and Griscelli syndromes have
been successfully treated with the HLH-94 protocol. Other differential diagnoses are
lysinuric protein intolerance (49), SCID (50), DiGeorge with HLH, and Omenn's
syndrome (51).

In particular, difficulty exists in the differential diagnosis between primary and secondary
HLH in non-familial cases. Viral infections, especially EBV, may trigger primary as well
as secondary HLH (5). These patients may develop a severe, persistent non-familial HLH
that can be treated with this protocol (52).

Acute infections may trigger FHL and cause secondary HLH, and evidence of an
associated infection may therefore not have any major therapeutic importance (27). In
less severe sHLH cases, either no treatment or a short duration of therapy might suffice,
but future studies are necessary to define these subsets, possibly with additional genetic
markers. If the disease is familial, relapsing, or severe and persistent even without family
history, SCT from the best available donor is strongly recommended (29, 30).

Molecular diagnosis

In 1999, perforin gene (10g21) mutations were revealed in FHL patients (9). Later
analyses revealed that they affect 20-40% of FHL patients (10). Perforin, which is co-
localized with granzyme B in granule in cytotoxic cells, is secreted from cytotoxic T
lymphocytes and NK cells upon conjugation between effector and target cell. In the
presence of calcium it is able to insert (perforate) into the membrane of the target cell,
where it polymerizes to form a cell death-inducing pore (53-55). Pore formation is
suggested to lead to destruction of target cells by osmotic lysis and by allowing entrance
to granzymes, which trigger apoptosis (56, 57), but perforin concentrations lower than the
level necessary for pore formation together with granzyme B may induce cell death.
Recent studies suggest that entry of granzyme B into target cells also can occur in a
perforin-independent manner (58), but granzyme alone is not sufficient to induce toxicity.

In 2003, it was shown that mutations in hMunc 13-4 (17q25) cause FHL (23).
HMunc 13-4 is essential for the priming step of cytolytic granules secretion preceding
vesicle membrane fusion and a deficiency results in defective cytolytic granule
exocytosis.

In XLP, 60-70% of patients have mutations in the gene SAP (SLAM-associated
protein), also termed SH2-DIA (SH2-domain containing gene 1A) or DSHP. This gene,
located to Xq25, regulates a protein involved in signal transduction in T and NK cells. In
T cells, the protein binds to Signaling Lymphocyte Activation Molecule (SLAM, known
as CDw150) and in NK cells it binds to 2B4, an NK-cell-activating receptor (43-46).
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Chédiak-Higashi is linked to the LY ST-gene (lyzosomal trafficking regulator gene,
1q42), Griscelli syndrome to two genes on 15q21, RAB27a (which is a key effector of
cytotoxic granule exocytosis) and MYOS5a (involved in organelle transport machinery)
(47,48).

Clinical Diagnostic Guidelines

For many patients, molecular diagnosis is not available. Diagnostic Guidelines for HLH
were presented 1991 by the FHL Study Group of the Histiocyte Society, see below (6),
based on common clinical, laboratory and histopathological findings.

The 1991 Diagnostic Guidelines for HLH* (adapted from ref 6)

Clinical criteria
* Fever
* Splenomegaly
Laboratory criteria
* Cytopenias (affecting > 2 of 3 lineages in the perigheral blood:
Hemoglobin (<90 g/L), Platelets (<100 x 107/L), Neutrophils (<1.0 x 109/L)
* Hypertriglyceridemia and/or hypofibrinogenemia
(fasting triglycerides 22.0 mmol/L or 23 SD of the normal value for age,
fibrinogen <1.5 g/L or 3 SD)
Histopathologic criteria
* Hemophagocytosis in bone marrow or spleen or lymph nodes.
No evidence of malignancy

Revision of Diagnostic Guidelines for HLH-2004

As mentioned already in the 1991 publication on Diagnostic Guidelines, HLH “may also
have an atypical and insidious course in some patients, in whom all criteria not always are
fulfilled” (6). Moreover, a number of patients may develop one or more of the diagnostic
criteria late during the course of the disease (6, 59).

Based on these findings, and the added knowledge on molecular diagnosis, the diagnostic
guidelines have been revised. First, patients with a molecular diagnosis of primary HLH
do not need to also fulfill the diagnostic criteria.

Second, additional criteria are introduced:

A. Low or absent NK-cell activity (according to local laboratory reference).
B. Ferritin >500 microgram/L

C. Soluble CD25 (i.e. soluble IL-2 receptor) >2400 U/ml.

Ad NK-cell activity: NK-cell activity is well-known to most commonly be low or absent
in HLH (12, 16-22). Preliminary data indicate that almost all PRF1 deficient patients have
abnormal NK cell activity.

Ad Ferritin: In the HLH-94 study, 48 eligible children registered 1994-June 2002 had
familial disease (defined as an affected sibling). Data on ferritin, an important diagnostic
parameter (31), was available for in 31 children, 26 of whom had >500 microgram/L
(sensitivity 0.84) and 23 had ferritin >1000 microgram/L (sensitivity 0.74).

Ad Soluble CD25: Soluble CD25 (>2400 U/ml) appears to be a valuable serum parameter
in the diagnosis of HLH (12, 15-19). When compared with other diseases (sepsis, juvenile
myelo-monocytic leukemia, Langerhans cell histiocytosis), specificity was 1.0 and
sensitivity 0.93. The corresponding values for CD95 ligand (>500 pg/ml) were 1.0 and
0.72 (60). These markers are not readily available for many patients.
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TABLE 2. DIAGNOSTIC GUIDELINES FOR HL.H-2004 (revision of ref 6)

The diagnosis HLH can be established if one of either 1 or 2 below is fulfilled.
1. A molecular diagnosis consistent with HLH.
2. Diagnostic criteria for HLH fulfilled (5 out of the 8 criteria below).

A) Initial diagnostic criteria (to be evaluated in all patients with HL.H).

Clinical criteria
* Fever
* Splenomegaly
Laboratory criteria
* Cytopenias (affecting > 2 of 3 lineages in the perié)heral blood:
Hemoglobin (<90 g/L), Platelets (<100 x 10”/L), Neutrophils (<1.0 x 109/L)
(In infants <4 weeks: Hemoglobin <100 g/L)
* Hypertriglyceridemia and/or hypofibrinogenemia
(fasting triglycerides >3.0 mmol/L (i e 2265 mg/dL), fibrinogen <1.5 g/L)
Histopathologic criteria
* Hemophagocytosis in bone marrow or spleen or lymph nodes.
No evidence of malignancy

B) New diagnostic criteria.

* Low or absent NK-cell activity (according to local laboratory reference)
* Ferritin 2500 microgram/L
* Soluble CD25 (i.e. soluble IL-2 receptor) 22400 U/ml

Comments:

1. If hemophagocytic activity is not proven at the time of presentation, further search for
hemophagocytic activity is encouraged. If the bone marrow specimen is not conclusive,
material may be obtained from other organs. Serial marrow aspirates over time may also
be helpful.

2. The following findings may provide strong supportive evidence for the diagnosis:
(a) Spinal fluid pleocytosis (mononuclear cells) and/or elevated spinal fluid protein,
(b) Histological picture in the liver resembling chronic persistent hepatitis (biopsy).

3. Other abnormal clinical and laboratory findings consistent with the diagnosis are:
Cerebromeningeal symptoms, lymph node enlargement, jaundice, edema, skin rash.
Hepatic enzyme abnormalities, hypoproteinemia, hyponatremia, VLDL f, HDL J.

NOTA BENE 2: Not all patients do fulfil all the diagnostic criteria presented in Table 2.
Moreover, a number of patients may develop one or more of the diagnostic criteria late
during the course of the disease (6,59). Thus, therapy may sometimes have to be
commenced on strong clinical suspicion of HLH, before overwhelming disease activity
makes irreversible damage and a response to treatment less likely. (Contact your local
subcenter or local coordinator in case of questions).

NOTA BENE 3: There are no reliable criteria to distinguish primary and secondary HLH,
clinically and histologically. The onset of FHL is most common in infancy, but has been
reported also in adolescents and young adults (61,62). Secondary HLH is found in all
ages. In infants, a primary cause of HLH is more likely than a secondary cause.
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THERAPEUTIC BACKGROUND

Chemotherapy: Without treatment, FHL is usually rapidly fatal and a median survival of
two months has been reported (2,24). A number of treatments including cytotoxic agents
were initially tried with no or moderate effect (2). Repeated plasma or blood exchange
induced transient resolution in some patients (63). The use of the epipodophyllotoxin
derivatives etoposide (64) and later teniposide (65) in combination with steroids were
both shown to induce prolonged resolution. A treatment protocol including etoposide,
steroids, intrathecal methotrexate and cranial irradiation was shown to be successful in
inducing resolution and prolonged survival (66). Later, a therapeutic regimen that also
included guidelines for the maintenance therapy and reactivation was presented, based on
similar drugs but the cranial irradiation had now been excluded (32). This treatment has
been effective in prolongation of survival, in some patients >5 years after onset, but it has
not been possible to ultimately cure any child with familial disease with chemotherapy
alone (29).

The biology of the remarkably beneficial effects of etoposide in HLH, previously not well
understood, may be explained by the recent findings that FHL is associated with a
defective triggering of apoptosis, and that etoposide is known to be an excellent initiator
of apoptosis (8, 67). Similarly, the effect of dexamethasone might be explained by its
anti-inflammatory and pro-apoptotic properties, particularly valuable since the drug also
penetrates well into the CNS, and CSA is known to reduce T-cell activity, which is
increased in HLH. An epipodophyllotoxin derivative (etoposide) and corticosteroids
(dexamethasone) were used in the HLH-94 protocol (29).

SCT: A major therapeutic breakthrough was achieved when allogeneic hematopoietic
SCT was shown to induce not only a prolonged resolution but also cure (68). Allogeneic
SCT is necessary to cure a child with FHL (68-72). Recent SCT series have reported data
ranging from a 3-year probability of survival of 45 % (n=20) to an overall survival of
64% with HLA-nonidentical donors (n=14) and 100% in a single-center material with
matched sibling donors and unrelated donors (n=12) (73-76).

CNS disease: Cerebral involvement may cause severe and irreversible damage (59,77-80)
and intrathecal therapy has been used although its therapeutic effect neither has been
sufficient nor persistent. In children with HLH CNS disease at diagnosis often resolve
with systemic therapy whereas intrathecal therapy appear less effective. Therefore,
systemic therapy including dexamethasone, which penetrates the blood-brain barrier well,
was first line therapy in HLH-94, also in case of CNS involvement. Intrathecal therapy
may be added in certain clinical situations, see pages 18 and 22.

Immunotherapy: The immunosuppressive drug cyclosporin A (CSA) has shown to be
effective in FHL (80-82). Also, ATG has been successful in inducing resolution (82).
Still, a majority of the patients who were not transplanted in the months following ATG
treatment, relapsed in the CNS despite CSA therapy. In HLH-94, CSA was combined
with steroids and VP-16 (28, 29).

Virus-infections associated with onset of the disease: FHL is often triggered by an
infection. Thus, the presence of a virus-infection, such as EBV, in a child with HLH does
not rule out an inherited disease, i.e. FHL (27). In addition, clinical features of numerous
EBV-associated cases are controlled only by continuous administration of chemotherapy
(52, 83). The prognosis for children with HLH is poor whether a virus-infection is
associated or not (6,27,84). Therefore, in HLH-94 all children with HLH were initially
started on chemotherapy, whether a virus-infection was associated with the onset or not.

HLH-94: In HLH-94, the initial treatment was based on etoposide (initially twice weekly,
then once weekly) and corticosteroids (in line with a previously presented regimen, 32)
followed by a continuation therapy with etoposide and steroid pulses, in combination with
CSA and, in selected cases, intrathecal methotrexate. In addition, SCT was suggested for
children with persistent and reactivating disease (28, 29).
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CONCLUSIONS FROM HLH-%4

The survival results with the HLH-94 protocol exceeded our expectations (29). More
children than expected survived the intensive disease phase by using the initial and
continuation therapy, and hence more children could to be admitted to SCT. Moreover,
more patients than expected survived the allogeneic SCT.

Overview of the outcome in HLH-94 during the first 4 years (from ref 29)

In children with an affected sibling, i.e., verified familial disease, the 3-year probability of
survival (pSU) was 51% (95% confidence level £9%) for eligible patients recruited
during the 4-year period July 1994 - June 1998. (Eligibility defined as no previous
cytotoxic or CSA treatment, familial disease or all diagnostic criteria fulfilled, and HLH-
94 therapy commenced prior to July 1, 1998).

At a median follow-up of 3.1 years, the estimated 3-year probability of survival overall
was 55% (+/-9%) (n=113). Twenty enrolled children were alive and off-therapy for >12
months without SCT. For patients who were transplanted (n=65), dead prior to SCT
(n=25) or were still on therapy (n=3), the 3-year survival was 45% (+/-10%). The 3-year
probability of survival after SCT was 62% (+/-12%).

In brief, 25 of the eligible 113 patients (22%) died prior to SCT (for details see below). In
addition, 25 children died after SCT. The present protocol is aiming to improve the results
further.

Initial treatment (week 1-8)

Not surprisingly in a disease characterized by severe cytopenia and an immune
deficiency, dose modifications in HLH-94 were common. In particular, the treatment of
VP-16 was decreased in a substantial number of the patients. For dexamethasone, the
amount administered was increased in more patients than it was decreased.

During the first 4-years of analysis, 6 patients died during the first month of treatment and
6 additional during the second month of treatment. It is suggested to increase treatment
intensity during the first 2 months of therapy, with a drug that does not induce increased
myelotoxicity.

Proposed action:
e CSA, previously introduced after 8 weeks, is instead initiated at onset.

Neutropenia at onset of the Initial treatment (week 1)

In our opinion, neutropenia at onset is caused by the disease, and it does therefore not, in

itself justify dose reduction. Proposed action if ANC at onset of treatment is <0.5 x10°/L

and the bone marrow is hypocellular (which is only rarely the case): Consider to omit the
first two doses of VP-16, and to discuss the treatment with the local sub-center.

Neutropenia developing during the Initial treatment (week 2-8)

o Ifthe disease has started to regress (fever subsides, platelet count improves), one or
two doses of etoposide may be omitted if the bone marrow is hypocellular, during
which period dexamethasone is administered at 10 mg/m2, and CSA as scheduled.
Consider to discuss the treatment with the local sub-center.

o Ifthe disease has not at all started to regress: This is a very difficult situation, that is
recommended to be discussed with the local sub-center. Consider the possibility of an
ongoing (viral) infection triggering the immune system, and appropriate therapy.



HLH-2004, Jan 2004 18

Continuation therapy (week 9-)

Of the six children who died during weeks 9-24 of the HLH-94 protocol, all were
reported as dead of disease, at least three of whom had CNS-involvement.

Proposed action:

e Since CNS reactivations may occur during continuation therapys, it is suggested to
analyse CSF (at least for cells and protein, and cytospin if CSF-pleocytosis) if there is
a systemic reactivation or neurological symptoms, in order to detect reactivation in
the CNS early. Additional information may be provided by cytokine analysis (as
neopterin) (37). Brain MRI is also highly recommended.

e In case of reactivation during the continuation therapy, it is recommended to restart at
week 2 of the protocol, see separate paragraph (page 22). In this case, the initial
therapy period may be shorter, and the continuation therapy may be more intensive,
and continuous dexamethasone 2.5 mg/ m2 between the dexamethasone pulses may
be considered.

e In addition, if the patient is a candidate for SCT it should be performed as soon as an
acceptable donor is available. If no other donor is available, SCT with a haplo-
identical family donor is suggested, to be performed at an experienced SCT center
(see SCT chapter, below and page 25).

Intrathecal therapy

With available HLH-94 data, it has not yet been possible to determine whether intrathecal
therapy is beneficial or not, in addition to systemic HLH-94 therapy (29). It is the opinion
of the Study Committee that systemic therapy, in particular with corticosteroids, will
reduce CNS disease activity, in particular CNS activity at diagnosis. It can not be ruled
out that intrathecal therapy may have additional beneficial effects, at least in some
patients. Intrathecal therapy may be beneficial in patients with CNS reactivation, and is
suggested in case of CNS reactivation.

As in HLH-94, up to four intrathecal doses are recommended week 3, 4, 5 and 6, but only
if the neurological symptoms are progressive during the first two weeks, or if an
abnormal CSF at onset has not improved after two weeks. Having the beneficial effect of
systemic corticosteroids in mind, it is suggested to add corticosteroids to the IT MTX
when IT therapy is administered to the patients with CNS involvement.

Stem cell transplantation (SCT) (see also page 25)

Analysis of SCTs performed 1995-2000 revealed an overall estimated 3-yr-survival post-
SCT of 64% (+/-10%) (n=86); 71% (+/-18%) with matched related donors (MRD, n=24),
70% (+/-16%) with matched unrelated donors (MUD, n=33), 50% (+/-24%) with family
haploidentical donors (n=16), and 54+/-27% with mismatched unrelated donors (n=13)
(78). Univariate analysis (n=86) revealed a lower 3-yr-survival in children with active
disease at SCT (54%, n=37) as compared to children with non-active disease (71%, n=49)
(p=0.065). There was a non-significant trend towards better survival in children that had
received etoposide as part of their conditioning (70% versus 58%, univariate analysis). In
summary: 1/ the cure rate with HSCT using MRD or MUD is not markedly different, and
acceptable also with mismatched donors (considering that SCT is necessary for cure in
FHL), 2/ active disease should probably not automatically preclude performing SCT, and
3/ inclusion of etoposide in the SCT-conditioning may improve survival further.
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GENERAL STUDY DESIGN

For general overview, see Figure 1. The HLH-2004 protocol is designed for the primary,
inherited disease FHL, but may be beneficial in patients with secondary HLH as well. The
protocol is based on etoposide, steroids, cyclosporin A, intrathecal therapy in selected
patients (methotrexate and prednisolone), and SCT. The major aim is to achieve a
clinically stable resolution of the disease and to cure by SCT.

Following 8 weeks of initial therapy, all children with familial disease or with a diagnosis
verified by molecular biology, as well as children with a non-familial disease that is
severe and persistent, or reactivated, continue with VP-16/steroids in combination with
cyclosporin A immunotherapy. SCT is performed as early as possible, when an accepted
donor is available. In non-familial cases, treatment is stopped in patients with a complete
resolution of disease after 8 weeks of initial therapy, in order to avoid SCT in a child with
an HLH which may be an unrevealed secondary disease.

In children with secondary HLH, such as infection-associated HLH or malignancy-
associated HLH, the underlying cause of the immune activation is treated first. If
necessary, chemo-immunotherapy is also administered, as in HLH-2004.

Declaration of intent

In many children it may not be possible to determine whether the disease is a primary,
inherited disease or a secondary HLH. If the disease is severe and persistent, or
reactivating, treatment according to HLH-2004 is suggested, initially for 8 weeks. Be
aware that a viral infection, such as EBV and CMV, may trigger a primary HLH.

The intention with this protocol is that children with primary HLH will receive
continuation therapy and SCT. In children with secondary HLH, first the cause of the
immune activation is treated and, if necessary, HLH-2004 is also administered. If it is
unknown whether the disease is primary or secondary and a thorough investigation has
revealed no underlying malignancy, no bacterial or parasitic infection and no other cause
of the immune-activation, the patient is administered initial therapy, whether a viral
infection is associated or not. Treatment is stopped after 8 weeks, if the disease has had a
complete resolution. If the disease is severe and persistent, or reactivating, continuation
therapy and SCT is suggested.

Brief protocol overview (see also Figure 1-2)

Ad Initial therapy: At diagnosis many of the patients are critically ill and the major aims
of the initial therapy are 1/ to keep the patients alive and to reduce the number and degree
of permanent complications during this critical period and 2/ to achieve a resolution of the
disease. The initial therapy covers the first 8 weeks of treatment and includes VP-16,
dexamethasone, CSA, and, in selected patients, intrathecal therapy (methotrexate and
prednisolone) (see page 22).

Ad Continuation therapy: The major aim is to sustain the resolution of the disease. SCT is
performed when an accepted donor is available. The therapy is intensive with a
combination of VP-16, dexamethasone pulses and cyclosporin A in order to reduce the
risk of reactivation. Since the disease activity is different in each child, the therapy may
have to be further intensified in some patients, (see page 22).

Ad SCT: SCT is recommended as soon as an accepted donor is available and is preferably
made when the disease is in resolution. However, active HLH disease should probably
not automatically preclude performing SCT (page 25) (30). The choice of performing
SCT or not, as well as the choice of donor, is made by the treating physician.



HLH-2004, Jan 2004 20
PATIENT'S ELIGIBILITY

All newly diagnosed patients who meet the following criteria are eligible to be fully
enrolled and followed in the study:

- Patients who fulfil the diagnostic criteria of HLH.

- Age < 18 years at onset of therapy.

- No prior cytotoxic or cyclosporin A treatment for HLH.

Patients with HLH starting the HLH-2004 protocol who do not fulfil the diagnostic
criteria or aged >18 yrs may also be registered in the study but will be studied separately.

Patients with XLP, Chediak-Higashi syndrome, Griscelli syndrome, and similar
syndromes, as well as patients with macrophage activation syndrome (MAS) secondary to
known rheumatoid diseases may also be registered, and will be studied separately.

It must be emphasized that patients with active HLH may be extremely sick but that this
is no reason to avoid treatment since the initial therapy commonly induces a rapid
regression of the symptoms.

Any doctor or patient is free to leave the study at any time. A sample for informed
consent is provided in the Appendix.

PRE-TREATMENT INVESTIGATIONS
Clinical

* Complete history:

Family history (consanguinity, previous childhood deaths in this family or relatives, late
miscarriages of the mother), recent infections and vaccinations, previous bouts with
similar symptoms, fever (duration and level), neurological symptoms (including
irritability, ataxia, convulsions and others), edema, jaundice, skin rash.

* Complete physical examination:

Temperature, height, weight, skin rashes, jaundice, purpura, bleeding, edema, tonsillitis,
lymphadenopathies, dyspnea, tachypnea, liver size, spleen size, ascites, blood pressure,
neurological examination incl cranial nerve abnormalities and cerebellar dysfunction.

Laboratory and Radiographic

Baseline evaluations for all patients:
- Hemoglobin, WBC and differential, platelet count, reticulocytes, ferritin
- Liver function (serum transaminases, bilirubin, albumin, LDH)
- Coagulation profile (fibrinogen, APTT, PT, D-dimers)
- Lipid evaluation (fasting triglycerides)
- Kidney function (creatinine) and serum electrolytes
- Soluble IL-2 receptor (sCD25) is not readily available, but suggested if available.
- Immunoglobulin levels (including also IgA)
- Spinal tap
- cell and protein content (consider to add lactate and glucose)
- morphological and immunological analyses (if cells in CSF)

- Infectious investigation including CMV, EBV, HIV, HSV, HHV6+8, rubella, varicellae
virus, parvovirus, adenovirus and other appropriate viruses. It is suggested that the
investigations include PCR. Consider the diagnoses leishmaniasis, brucellosis,
tuberculosis, mycoplasma, syphilis, among others.

- Bone marrow aspiration (hemophagocytosis, differential diagnosis evaluation)
(consider a bone marrow biopsy in case of dry tap or a diluted marrow sample)

- Fine needle aspiration biopsy of an enlarged lymph node or a liver biopsy may also be
valuable, (see also Diagnostic Guidelines, page 15).
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- NK-cell activity (studied at specific study laboratories, see page Appendix-19).

- Molecular diagnosis (perforin, hMunc 13-4 and relevant other genes).
Some institutions perform flow cytometry screening for perforin in NK cells and
cytotoxic T cells (12). For addresses to study laboratories, see page Appendix-19.

- Glomerular filtration rate (because of cyclosporin therapy), as soon as feasible, at least
in patients with elevated creatinine levels.

- Imaging - Abdominal ultrasound (or CT) (liver & spleen size, other abnormalities)
- Chest X-ray (or CT of the chest) (pulmonary infiltrates)
- MRI of the brain is recommended, since CNS affection is common, and it
is strongly recommended in patients with neurological symptoms

- HLA-typing of the patient and the family is made as soon as feasible. We recommend a
preliminary donor search in infants (< 6 mos at diagnosis) even if the patient has a
full response and is eligible to stop therapy at 8 weeks.

MONITORING
e For monitoring and assessment, see Table I (page 10).

e Follow-up evaluation for the study are made after 2 month, 6 months, 12 months and
later on once yearly. If SCT is made, change to SCT +100, SCT +1yr, and thereafter
yearly, see follow-up report forms in the Appendix.

e The documentations sheets for the initial and the continuation therapy, as well as the
follow-up sheets, are sent to the local sub-center.

TREATMENT
ACUTE MANAGEMENT

The initial therapy covers the initial 8 weeks of treatment. It includes etoposide,
dexamethasone, CSA, and, in some patients, intrathecal therapy. The dosages are
calculated per m2 also in children less than 10kg.

Early supportive therapy:
* Maximal supportive care.
* Appropriate broad-spectrum antibiotics (until culture results are available).

Further and continuous recommended supportive therapy:

* Prophylactic cotrimoxazole, eq 5 mg/kg of trimethoprim, 2-3 times weekly.

* An oral antimycotic, at the choice of the physician, during the initial therapy.

* Consider antiviral therapy in patients with ongoing viral infections.

* IvIG (0.5 g/kg iv) once every 4 weeks (during the initial and continuation therapy).

INITIAL THERAPY

1. Etoposide

- 150 mg/m? iv twice weekly (week 1-2). Only in certain conditions, if ANC <0.5 x10°/L
and the bone marrow is hypocellular (which only rarely is the case), can these be omitted.
- 150 mg/rn2 iv once weekly (week 3-8).

2. Dexamethasone
- Dexamethasone 10 mg/rn2 daily, for the first 2 weeks (week 1-2).
- Dexamethasone 5 mg/m2 daily, for another 2 weeks (week 3-4).
- Dexamethasone 2.5 rng/m2 daily, for another 2 weeks (week 5-6)
- Dexamethasone 1.25 mg/m2 daily, for another week (week 7).
Steroids are tapered and discontinued during week 8.
* Gastroprotection with ranitidine or other gastroprotective agent is suggested.
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3. Cyclosporin A

- The blood levels determine the dosages, aim at levels around 200 microgram/L (trough
value) (monoclonal antibody assay of whole blood). Start with 6 mg/kg daily (divided in
2 daily doses) already week 1, if kidney function is normal.

4. Intrathecal injections with methotrexate and prednisolone

The CSF is evaluated at diagnosis and after 2 weeks. If after 2 weeks there is clinical
evidence of progressive neurological symptoms or if an abnormal CSF (cell count and
protein) has not improved, additional CNS-therapy is initiated with 4 weekly intrathecal
injections. Be aware that some patients may have increased intracranial pressure.

- Methotrexate: <1 yr 6 mg, 1-2 yrs 8 mg, 2-3 yrs 10 mg, >3 yrs 12 mg.
- Prednisolone: <1 yr4 mg, 1-2 yrs 6 mg, 2-3 yrs 8 mg, >3 yrs 10 mg.
CONTINUATION THERAPY

The continuation therapy is a continuation of the initial therapy with the major aim to
keep the disease non-active week 9-40. Increasing disease activity may make it necessary
to intensify the treatment in some children. Patients with non-familial disease and no
genetic evidence of HLH, are suggested to start continuation therapy only if the disease is
active after the initial therapy (see also flow-sheet in Fig 1, page 5).

1. Etoposide
- 150 mg/m< iv, every second week.

2. Prednisolone
- Dexamethasone pulses every second week, 10 mg/m2 for 3 days.

3. Cyclosporin A
- Aim for blood levels around 200 microgram/L, as above. Monitor GFR.

SUBSEQUENT THERAPY (in non-SCT patients)

In children with primary HLH, cure can be achieved only by SCT. Even in perforin
deficient patients transient treatment-induced or even spontaneous resolution may be
observed, but ultimately all these patients will end up in progressive disease. If a matched
donor can not be found, mis-matched donor SCT is suggested, as with a family
haploidentical donor. The aim of the subsequent therapy is to sustain a resolution in
patients where SCT has not been performed, if possible with a reduction of therapy. In
secondary HLH, treatment should not continue beyond 40 weeks, usually only 8 weeks
are necessary. Four treatment strategies are offered, and treatment can be tapered and
stopped if there is no reactivation. The treating physician may choose either one:

1. Continue the continuation therapy as it is (as week 9-40).

2. Prolong the intervals between each VP-16 infusion and dexamethasone pulse from 2 to
4 weeks, and continue CSA as previously. Thus, the patient will receive alternating
treatment every second week (instead of weekly) with VP-16 or dexamethasone pulse.

3. Exclude VP-16. Continue with CSA and dexa only, in doses and interval as week 9-40.
4. Exclude VP-16. Continue with CSA or dexa only.

It must be noted that many patients may have to go back to the initial continuation
schedule, since a reduced treatment will not be enough to keep the disease non-active.

REACTIVATION THERAPY
Reactivations may occur following immune response triggering, such as infections and

vaccinations. In case of reactivation, consider broad-spectrum antibiotics, antiviral
therapy, and antifungal therapy.
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FHL is characterized by frequent reactivations, or even a more or less continuous disease
activity. In particular, reactivation of the disease is common as the therapeutic intensity is
reduced. Accordingly, a reactivation will commonly respond to an intensification of the
ordinary therapy. Treatment of a reactivation has to be individualized for each patient.

Suggested action if the patient develops a reactivation:

1. It is recommended to intensify therapy, such as to restart from wk 2, but the initial
therapy may be less than 8 wks, and then continue with modified continuation therapy.
2. Add intrathecal therapy in case of CNS-reactivation.

3. Consider dexamethasone daily, also between the dexa-pulses, in continuation therapy,
but be aware that it may lead to severe side-effects, so an early SCT is then suggested.
4. If inadequate response, contact your local sub-center.

MACROPHAGE ACTIVATION SYNDROME

Macrophage activation syndrome (MAS), a serious complication of rheumatoid arthritis
and other childhood systemic inflammatory disorders, is thought to be caused by
excessive activation and proliferation of T lymphocytes and macrophages. The
recognition that MAS belongs to the secondary or reactive hemophagocytic syndromes
has led to the proposal to rename it according to the contemporary classification of
histiocytic disorders (85, 86). In addition to corticosteroids, CSA has been found effective
in patients with corticosteroid-resistant MAS (87).

SALVAGE THERAPY

The current protocol does not include a salvage protocol. We want to mention an
alternative approach of inducing remission, with a regimen including a treatment with
steroids (2 to 5 mg/kg/d methylprednisolone intravenously, followed by progressive
tapering) and ATG (82). There have only been a small fraction of the patients that did not
respond to some degree to the HLH-94 protocol, and many of these did not respond to
ATG either. It is therefore suggested to discuss salvage therapy with the local sub-center.
In case of reactivation after graft rejection, it is suggested to restart from wk 2. Note that
early after SCT the immunosuppression may induce a secondary HLH picture, which may
be due to late lymphocyte recovery, necessitating HLH therapy.

In brief: It is recommended to discuss non-responders with the local study coordinator.
ENDING THERAPY

Ending therapy is only recommended in children with resolution of the disease. Close
follow-up including signs of reactivation are warranted (such as fever, hepato-
splenomegaly, neurological abnormalities; hemoglobin, platelets, WBC, ANC, ferritin,
transaminases).
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DEFINITION OF DISEASE STATES

* Clinical response:

Criteria to be used during the induction therapy (at 2 weeks and 4 weeks) on whether to
continue the therapy as out-lined:

No fever

Reduction of spleen size

Platelets >100x10°/L

Normal fibrinogen

Decreasing ferritin levels (by 25%)

If not all criteria are fulfilled, contact your local sub-center to discuss further therapy.

* Non-active disease (resolution):

Criteria to be used at the decision-point on whether to continue therapy after 8 weeks:

No fever

No splenomegaly (isolated moderate splenomegaly may persist 1n some patients)
No cytopenia (Hb >90 g/L, platelets >100x10°/L, ANC >0.5x10°/L)

No hypertriglyceridemia (<3mmol/L, i.e. <265 mg/dL)

No hyperferritinemia >500 pg/L

Normal CSF (for previously CSF positive patients)

(Decrease of sCD25 in case the test is available)

* Active disease:

Patients that do not have non-active disease, as defined above.

* Reactivation of disease:

Children that have achieved a remission, and then again develop > 3 of these 8 signs:

Fever

Splenomegaly

Platelets <100x10°/L

Hypertriglyceridemia (fasting level >23.0 mmol/L, i.e. 2265 mg/dL)
Hypofibrinogenemia <1.5 g/L

Hemophagocytosis

Increasing ferritin levels

Soluble CD25 (i.e. soluble IL-2 receptor) >2400 U/ml

The development of new CNS symptoms are sufficient as a single criterion for
reactivation.
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STEM CELL TRANSPLANTATION (SCT)

In primary HLH, i.e. FHL, allogeneic SCT is the only curative therapy (29, 68-76). Some
major problems are 1/ to find an acceptable SCT-donor and 2/ to keep the patients alive
and without sequelae until the SCT is performed.

In familial disease and in severe and persistent non-familial disease, SCT is made,
preferably when the disease is non-active, when an acceptable donor is available. In non-
familial disease with complete resolution after the initial 8-week therapy, SCT is
performed only if the disease has been reactivated (indicating a primary disease).

An HLA-identical donor is preferable. The risk of a sibling carrying the disease must be
considered and is less likely if using an older sibling, but this age criteria cannot be used
as an indicator for being non-affected. If a genetic marker (as perforin/hMunc) is not
available, NK-cell activity has been considered as a surrogate marker of immune
dysfunction, but recent data suggest that healthy siblings may also have low NK-cell
activity (20). If an HLA-identical relative is not available, SCT with a matched unrelated
donor is recommended. If there is no matched donor available, a mismatched donor
(including a haploidentical family donor) or cord blood is suggested, upon the decision of
the physician. The results with mismatched donors are improving (73-76). At the decision
of the physician, PBSCT may be considered, particularly if marrow is not available.

Outcome after SCT in HLH-94 (ref 29)

SCT donor All cases (n=65) Alive (%) (n=40)
Matched related donor 15 10 (67%)

Matched unrelated donor 25 17 (68%)

Mismatched unrelated donor 4 1 (25%)

Family haploidentical 14 6 (43%)

Cord 5 4 (80%)

Incomplete data* 2 2

* Includes: related donor with match not reported (n=2, both alive)

The preparative treatment for SCT and the GVHD prophylaxis is up to the treating
physician and the transplantation unit; a suggestion is provided below. However, we
would advise to also include etoposide, in addition to busulfan and cyclophosphamide, in
the conditioning regimen, in accordance with previous experience (29-30, 73-76).

SUGGESTION FOR SCT REGIMEN

Preparative Regimen
* Day -8 Busulfan 2mg/kg po, or equivalent iv (as 1.6mg/kg), twice daily.
Day -7 Busulfan 2mg/kg po, or equivalent iv (as 1.6mg/kg), twice daily.
Day -6 Busulfan 2mg/kg po, or equivalent iv (as 1.6mg/kg), twice daily.
Day -5 Busulfan 2mg/kg po, or equivalent iv (as 1.6mg/kg), twice daily.
Day -4 Etoposide 30 mg/kg iv (6 hr infusion) (maximum 1800 mg)
Day -3 Cyclophosphamide 60 mg/kg iv (1 hr infusion)
Day -2 Cyclophosphamide 60 mg/kg iv (1 hr infusion)
Day 0 Marrow infusion (preferably >3 x 108 nucleated cells/kg,

non T-cell-depleted).

¥ K K X X ¥ ¥

Graft-vs-Host Disease (GVHD) Prophylaxis

1. Cyclosporin continuous infusion starting day -1 pre-transplant with 3 mg/kg until oral
nutrition re-established, thereafter 12.5 mg/kg orally daily. CSA dosage is adjusted
according to monitoring of CSA through concentration levels. The immunosuppression is
discontinued after 6-12 months, if possible.
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. Short course methotrexate:
Day +1 15 mg/m2 v
Day +3 10 mg/m2 v
Day +6 10 mg/m2 v

* X KD

Methotrexate may be substituted by mycophenolate mofetil (MMF) (as in cord blood
transplants and in patients with decreased liver function) 15 mg/kg x 2 daily orally,
starting on day 0 and given until day 40 post transplant, then tapered to be discontinued.

Additional Treatment for Unrelated Donor Transplants

* ATG (Antithymocyte Globulin) (12 hour infusion iv) on days -3, -2 and —1.
Adjust ATG dosage according to manufacturers recommendation.

(Methylprednisolone 2 mg/kg iv and clemastinhydrogenfumarate 1 mg iv 30 min prior to
each ATG infusion.)

* Metronidazole 22 mg/kg daily (po or iv) from day —8 until discharge.

Supportive Care Guidelines

The supportive care is up to the treating physician and the transplant center. Suggestions:

* Monitoring of busulfan concentration

* Clonazepam or phenytoin administered before and parallel to busulfan as
anticonvulsive prophylaxis

* Dexamethasone days —4, —3 to prevent VP-16 induced anaphylactic-like symptoms

Mesna for uroprotectlon in association with cyclophosphamide infusions

* Hydration iv 2-3 L/m*/24h from start of conditioning through 24 hours after
last dose of cyclophosphamide

* Trimethoprim/Sulfamethoxazole: pneumocystis prophylaxis 2-3 days/week

* Acyclovir prophylaxis day +1 until +100, at least to pat with high herpes simplex titers

*

Pre and Post Transplant Monitoring for the Study

Disease activity status prior to SCT conditioning; at day +100, at 1-year, at 2-year, etc
CNS disease activity within 2 weeks prior to SCT (raised cell count or high protein)
MRI of the CNS prior to SCT conditioning, and at +1-year if abnormal pre-SCT

NK and CTL-cell activity prior to SCT conditioning, and at day+100 and at +1-year
Lansky play scale: at SCT, and at day+100, +1-year, etc (see Appendix for definition)

* K X X *

Engraftment (first day with ANC >0.5 x 10°/L)

Chimerism analysis day +100, and at 1-year recommended.
Staging for acute GVHD (ref 88)

Staging for chronic GVHD (ref 89)

* ¥ X X

Additional Pre and Post Transplant Monitoring

* Hepatic veno-occlusive disease (VOD):
Modified Seattle criteria (ref 90). Bilirubin >34.2 p/L (before day 20) + weight
gain >5%, liver 23cm more than baseline under the costal margin.

* Mucositis staging (ref 91)

* Capillary leak syndrome defined as:
Generalized edema + weight gain >10% + pleural effusions or ascites

(There is a potential risk for hypercytokinemia with engraftment +/- acute GVHD
— an emergency that could be treated with very high doses of steroids).

Reduced intensity conditioning

There is as yet limited data available on reduced intensity conditioning in HLH. It is not
possible at this time to make any firmly based suggestions on such regimens in HLH.
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DRUG INFORMATION AND TOXICITY

Etoposide

Dilute to a concentration of not more than 0.4 mg/ml in 0.9% sodium chloride or 5%
dextrose. Administer as intravenous infusion over 1-3 hours.

Toxicity: Myelosuppression (leukopenia, thrombocytopenia), hypotension (if the drug is
infused too rapidly), hepatocellular damage, nausea, vomiting, fever, headache,
abdominal pain, diarrhoea, anorexia, alopecia, allergic reactions, and rarely, second
malignancies (leukemia/myelodysplastic syndrome). Second malignancies are very rare
in HLH (three cases reported and one unpublished) (29,92,93). Etoposide is included in
the protocol since it has shown to have such a positive effect in FHL, which without
treatment is uniformly fatal. Etoposide has also been used in familial cases diagnosed and
treated with chemotherapy in utero (94).

Dexamethasone

Increased appetite, centripetal obesity, fluid retention, hyperglycemia,
immunosuppression, myopathy, osteoporosis, aseptic necrosis, peptic ulceration,
pancreatitis, mental alteration, cataracts, hypertension, precipitation of diabetes, growth
failure, amenorrhea, impaired wound healing, atrophy of subcutaneous tissue.

Cyclosporin A

Nephrotoxicity (usually dose dependent but may be irreversible), hypertension,
hypertrichosis, nausea, vomiting, anorexia, gingival hyperplasia, liver affection with
elevation of serum transaminases and bilnubln tremor, hypomagnesemia, tiredness,
paresthesia, edema, headache, convulsions (less common), diarrhoeas, rash, weight gain,
elevation of serum potassium and uric acid, and anaphylactic reactions (rare).

THERAPY MODIFICATIONS
If <10kg: The dosages are calculated per m2 also in children less than 10kg.

HLH may cause a wide variety of symptoms and it may be difficult to evaluate whether a
sign or symptom is due to the therapy or due to the disease. The treatment may have to be
individualized.

Bone marrow toxicity: Cytopenia is a common sign of disease activity, particularly at
onset, but myelotoxicity may occur following intensive etoposide treatment as well.
Delayed administration or reduced doses may be necessary, in particular if no other signs
of disease activity are available (see page 24). The differential diagnosis between
cytopenia induced by the disease or by etoposide myelotoxicity may be difficult. High
serum ferritin, persistent thrombocytopenia, or a persistently elevated sCD25 strongly
suggests persistence of basal disease rather than therapy-induced myelotoxicity. Consider
bone marrow examination.

Nephrotoxicity: Cyclosporin A may cause irreversible kidney damage. In case of
increasing creatinine and urea values or other signs of decreasing kidney function, a
reduction of the cyclosporin dosage has urgently to be considered. Check GFR.

Hepatotoxicity: The disease itself may markedly affect liver function and a dose reduction
due to the therapy is rarely necessary.

Neurotoxicity: Intrathecal methotrexate may cause neurotoxicity. Cyclosporin has been
related to neurological complications. However, many patients with HLH also develop
CNS-disease and this has to be urgently considered.
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DATA COLLECTION AND EVALUATION

Data questionnaires (see Appendix) will be used both at the initial patient registration and
at the follow-up evaluations. Data are transmitted to the study subcenters/local
coordinators by completing and delivering the questionnaires. The subcenter/local
coordinator will be available for clinical questions of the treating physicians, for
reviewing the data sheets for completeness and correctness, and for transferring the
revised data sheets to the study reference center in Stockholm.

The final evaluation will be performed in the study reference center, in collaboration with
the study subcenters. The study reference center in Stockholm will survey the data
collection, perform the overall data input and prepare the final data evaluation. Access to
common data from the study data base will be given only with the approval of the
Scientific Committee and permission of the Board of the Histiocyte Society.

Study Reference Center

(Stockholm/Henter)
Study Subcenters
Germany/ Italy/ Japan/  Netherlands/ Sweden/ UK/ USA/
Centr Europe/ S Europe/ Asia/ Benelux/ Scandinavia/ Gt Britain/ Canada /
Janka Arico Imashuku Egeler Henter HAA-New Jersey

In addition, there are local coordinators in Austria (Dr Minkov, Vienna), South-America
(Dr Braier, Buenos Aires), and Spain (Dr Astigarraga, Bilbao). For addresses, see page 3.

The review of statistical analyses will be made by Dr Scott M Montgomery, Clinical
Epidemiology Unit, Karolinska Hospital L1:00, SE — 171 76 Stockholm, Sweden;
telephone: +46 - 8 5177 9325, facsimile: +46 - 8 5177 9304.

An independent Data Safety Monitoring Board (DSMB) composed of three international
experts will monitor the progress of the study on ethical and scientific grounds, Drs Finn
Wesenberg, Ake Jakobson and Jim Whitlock, for the duration of the study.

Follow-up reports

For evaluation of the initial therapy response, the Follow-up form 1 (see Appendix) is
sent to the local subcenter soon after completion of the initial therapy. The next Follow-
up reports are scheduled at 2, 6 and 12 months after onset of therapy and later once
yearly, unless a SCT has been performed at that time. The Documentation Sheets for the
Initial therapy, Continuation therapy week 9-24 and 25-40, respecively, are sent once
completed.

If SCT has been performed, the SCT follow-up +100-days form is used, and thereafter the
SCT+1-year form is delivered once yearly after SCT.

Endpoint

The endpoint in the study is survival. The initial intention is to have a minimum of a 4-yr
recruitment. There will be yearly evaluations regarding the need of modifications.

BIOLOGICAL STUDIES

The HLH-94 had a number of associated biological studies, including analyses of NK cell
and T cell cytotoxicity, preparation of DNA for genetic analyses, as well as EBV-
associated studies. These studies have been successful and they have improved
diagnostics and therapy, and increased the biological understanding of the disease as well
as of normal human immune modulation. In order to improve the diagnoses, therapy and
biological understanding further, participation in the biological studies associated with
HLH-2004 is encouraged.
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Recent studies have shown that the disease is associated with decreased apoptosis
triggering (8, 67, 94). This causes the defect in the NK and T cell cytotoxicity that has
been known for long (12, 16-22). Two underlying gene defects have been revealed,
mutations in the perforin gene (9-15), which account for 20-40% of all affected FHL
cases (10), and in the hMunc 13-4 gene (23). It is possible to identify individuals with
perforin mutations by the use of flow cytometry for the perforin protein (12). Moreover, it
has also recently been shown that the cytotoxicity defect can be grouped in four subtypes
(21), and that group 3 patients will most likely need a SCT in order to survive (22).

The biological studies in HLH-2004 address these recent novel findings. The goals are to:
1. Study the correlation of genetic mutations and associated flow cytometry results.
2. Gather biological material in order to identify additional genetic defects.
3. Study genotype-phenotype associations.
4. Study the biological and clinical significance of cytotoxic subgroups.
5. Document the infectious triggering agent in genetic as well as secondary HLH.

It is therefore suggested to sample for genetic analysis including flow cytometry from the
study patients. It is also suggested to sample for analysis of NK- and T cell cytotoxicity.
The HLH-2004 Study Group does not provide any financial support for the above studies.

GENETIC AND EXPRESSION STUDIES

Analysis of perforin is part of routine diagnostics in HLH, using sequencing and/or flow
cytometry. This can be performed at certain specified laboratories for patients in the
study. Laboratories with this service (Dec 2003) are listed in the Appendix (page 19).
Similary, analysis of hMunc 13-4 may also be part of routine diagnostics, but this is not
yet (Dec 2003) the case.

Gathering of material in order to identify additional genetic defects is important with the
aim to identify other genetic defects than perforin and hMunc 13-4 mutations that are
responsible for the development of HLH. These studies can be performed at each
respective center, or as a collaborate effort upon the decision of each participating center.

Having genotype data and phenotype data together will also make it possible to perform
important studies on genotype-phenotype correlations. This may hopefully provide
information of value for the clinical care in the future.

NK CELL AND CYTOTOXIC T CELL ACTIVITY STUDIES

Analysis of NK and cytotoxic T cell activity is part of routine diagnostics in HLH. This is
not only of diagnostic value but it also appears that NK-cell activity may have a
prognostic value (21, 22). NK cell activity can be analyzed at certain specified
laboratories for patients in the study. Laboratories with this service (Dec 2003) are listed
in the Appendix (page 19).

PUBLICATION

Publication of overall study data or projects arisen from the overall study population may
be undertaken only with the agreement of the Study Committee.

Every subcenter or participating clinic may present and publish their own data and
observations, except treatment results, related to HLH patients that this particular center
or clinic has reported to the Study, at any time.
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