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TTV has a phylogenic similarity with chicken anemia virus.
Taken together, it may raise the possibility that TTV leads to
the maturation arrest and apoptosis of infected hematopoietic
progenitor cells mimicking to human parvovirus B19. Of
note, it has been reported that a putative TTV/1a-derived 105
aa protein induced apoptosis in cultured cells [4]. The copy
number of TTV per MNCs was higher in PB than in BM. It
might be explained by the fact that PB samples were taken
from the patient 4 days earlier than BM samples during the
convalescent phase of hepatitis. Alternatively, erythroid and
myeloid progenitor cells with high TTV loads had been
already depleted in the hypoplastic BM cells based on the
different cellular tropism of TTV/la. Significant TTV/1a
load in hypoplastic BM cells implicated a direct effect of the
virus on the hematopoietic progenitor cells but not always
explain the continued aplasia following the disappearance of
circulating TTV DNA. Until now, we have investigated three
other patients with HAA in our institute; all showed negative
TTV DNA in sera at the onset of illness (unpublished data).

Hence, TTV/la may not be a major causative agent in
HAA. However, the first identified case of TTV-HAA
deserves further analyses on the pathological significance
of TTV isolates/genotypes.
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Background. Post-transplant outcomes of hemophagocytic lym-
phohistiocytosis (HLH) patients were analyzed in Japan where
Epstein—Barr virus (EBV)-associated severe forms are problematic.
Methods. Fifty-seven patients (43 familial HLH [12 FHL2, 11 FHL3,
20 undefined], 14 EBV-HLH) who underwent stem cell trans-
plantation (SCT) between 1995 and 2005 were enrolled based on the
nationwide registration. Results. Fifty-seven patients underwent
61 SCTs, including 4 consecutive SCTs. SCTs were employed using
allogeneic donors in 93% of cases (allo 53, twin 1, auto 3). Unrelated
donor cord blood transplantation (UCBT) was employed in half of
cases (21 FHL, 7 EBV-HLH). Reduced intensity conditioning was
used in 26% of cases. The 10-year overall survival rates
(median + SE%) were 65.0%7.9% in FHL and 85.7 +£9.4% in
EBV-HLH patients, respectively. The survival of UCBT recipients

Key words:

central nervous system disease; Epstein—Barr virus-associated hemophagocytic lymphohistiocytosis; familial
hemophagocytic lymphohistiocytosis; hematopoietic stem cell transplantation; reduced intensity conditioning; umbilical cord blood
transplantation

was >65% in both FHL and EBV-HLH patients. Three out of four
patients were alive with successful engraftment after second UCBT.
FHL patients showed a poorer outcome due to early treatment-
related deaths (<100 days, seven patients) and a higher incidence of
sequelae than EBV-HLH patients (P= 0.02). The risk of death for FHL
patients having received an unrelated donor bone marrow transplant
was marginally higher than that for a related donor SCT (P=0.05)
and that for UCBT (P=0.07). Conclusions. EBV-HLH patients had a
better prognosis after SCT than FHL patients. FHL patients showed
either an equal or better outcome even after UCBT compared with
the recent reports. UCB might therefore be acceptable as an alternate
SCT source for HLH patients, although the optimal conditioning
remains to be determined. Pediatr Blood Cancer 2010;54:299—
306. @© 2009 Wiley-Liss, Inc.

INTRODUCTION

Hemophagocytic lymphohistiocytosis (HLH) is an immunohe-
matologic emergency, characterized by fever, cytopenias, hepatos-
plenomegaly, hyperferritinemia, and disseminated intravascular
coagulopathy (DIC) [1,2]. HLH comprises primary form of familial
hemophagocytic lymphohistiocytosis (FHL) and secondary form
occurring in association with infections, malignancies, and
rheumatic diseases. FHL has currently been classified into FHL1
linked to chromosome 9, FHL2 with PRFI mutation, FHL3 with

Additional Supporting Information may be found in the online version
of this article.

Abbreviations: BM, bone marrow; BMT, bone marrow transplantation;
CB, cord blood; CBT, cord blood transplantation; CNS, central
nervous system; CT, computed tomography; EBV-HLH,
Epstein—Barr virus-associated hemophagocytic lymphohistiocytosis;
EEG, electroencephalography; FHL, familial hemophagocytic
lymphohistiocytosis; HLH, hemophagocytic lymphohistiocytosis;
PB, peripheral blood; SCT, hematopoietic stem cell transplantation;
MRI, magnetic resonance imaging; OS, overall survival; SCT,
hematopoietic stem cell transplantation; TRM, treatment-related
mortality; RIC, reduced intensity conditioning; VOD, venoocclusive
disease; XLP, X-linked lymphoproliferative disease/syndrome.
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UNCI13D mutation, and FHL4 with STX /] mutation, although more
than half of patients have no mutations of these genes [1]. HLH
could also be a presenting symptom in patients with the other
inherited disorders including X-linked lymphoproliferative
disease (XLP), Griscelli syndrome, Hermansky—Pudlak syndrome,
Chediak—Higashi syndrome and primary immunodeficiency
diseases. HLH accounts for the common basis of hypercytokinemia
arising from excessive immune activation, in which activated
lymphocytes and hemophagocytosing-macrophages without malig-
nant morphology infiltrate into systemic organs, including the bone
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marrow (BM), liver, spleen, lymph nodes, skin, and central nervous
system (CNS) [3,4]. FHL is a fatal disease if allogeneic
hematopoietic stem cell transplantation (SCT) has not been
successfully performed.

Epstein—Barr virus (EBV)-associated HLH (EBV-HLH) is a
severe form of secondary HLH more frequently occurring in Asian
children [5-7]. Activated EB V-infected CD8" T cells account for
the disease process of EBV-HLH [8], however no predisposing
factors have yet been clarified. EBV-HLH patients mostly respond
to immunochemotherapy, but a small fraction of patients experience
a fatal course without SCT. Therefore, although numbers were still
small, SCT has been included in the salvage for refractory EBV-
HLH cases [9—11]. The optimal timing of SCT, the source of donor
cells and the conditioning are critical, particularly for young HLH
patients. In this setting, the appropriate SCT for HLH patients needs
to be established.

This study analyzed the outcomes of patients with FHL or EBV-
HLH who underwent SCT in Japan over the past 10 years, in order to
address the issues in the transplant-related problems including
engraftment, late sequelae as well as to find out if there are distinct
transplant strategies for FHL and EBV-HLH patients.

PATIENTS AND METHODS
Data Collection

The HLH/LCH Committee in the Japanese Society of Pediatric
Hematology (JSPH) sent the first questionnaires to the hospitals
administered by JSPH members based on the SCT registry in JSPH,
asking if SCT was performed for any HLH patients between 1995
and 2005. The second questionnaires were sent to 57 hospitals with
SCT cases, asking the patients’ characteristics, treatment prior to
SCT, donor sources, conditioning regimens, complications, and
outcome. Of the 47 responses (recover rate 82%), 61 definite SCT
cases from 33 hospitals were eligible for the study (mean 1.7 case/
hospital, Supplemental Table). Forty-three FHL patients underwent
46 SCT, while 14 EBV-HLH patients underwent a total of 15 SCT.
The majority of SCT (EBV-HLH 87%, FHL 89%) were performed
between 2000 and 2005.

Diagnosis and Classification

All157 patients fulfilled the diagnostic criteria of HLH [12]. FHL
was diagnosed when the patient had a genetic abnormality, positive
family history, and/or other evidence such as impaired natural killer
cell activity [13]. The genetic study of FHL 2, 3, and 4, approved by
the ethics committee of Kyushu University, Japan (No. 45), was
partly completed postmortem according to our methods [14-17].
FHL2 and FHL3 determined by PRFI or UNCI3D mutations
accounted for 28% (n = 12), and 26% (n = 11), respectively, in this
group. In addition, a total of eight patients were found with siblings
diagnosed as having HLH. EBV infection might be associated with
the development of HLH in four FHL patients (one FHL2, one
FHL3, and two familial). These cases were classified as FHL, not as
EBV-HLH. Other types of primary HLH such as XLP were excluded
in this study.

EBV-HLH was diagnosed when a non-FHL patient had a
primary infection or reactivation of EBV at the onset of HLH. EBV
infection was assessed by the detection of EBV DNA and/or
the pattern of serum EBV-specific antibody titers [18]. Cases

Pediatr Blood Cancer DOI 10.1002/pbc

with secondary HLH occurring in a chronic active EBV infection
[19], and/or a histologically confirmed EBV-related lymphoma
were excluded in this study. CNS involvement was determined when
patients showed neurological manifestations, clinically as well as
with any evidence of abnormality in the cerebrospinal fluids (CSF),
neuroimagings (CT/MRI), and/or electroencephalography (EEG).

Prior Treatment to SCT

Treatment was based on the HLH-94 protocol using a
combination of corticosteroid, cyclosporine-A (CSA), and etopo-
side (VP16) for both groups [20,21]. As the multidrug chemo-
therapy, CHOP-VP16-based regimen (VP16, vincristine,
cyclophosphamide [CY], doxorubicin, and prednisolone) was
chiefly employed. SCT was performed for all FHL patients, but
limited for EBV-HLH patients who were resistant to any other
treatments.

SCT

Allogeneic SCT was performed in 53 of the 57 patients (93%).
Autologous SCT and identical-twin donor SCT were performed in
three and one sporadic patients, respectively, because the molecular
diagnosis was not available at the time of SCT. Donor sources,
infused cell doses, conditioning regimens, and other SCT-related
data are summarized in Table I. Allogeneic donor sources for EBV-
HLH were HLA-matched sibling peripheral blood (PB) 1,
haploidentical parent BM/PB 2, HLA-matched unrelated BM 1,
HLA-matched unrelated cord blood (UCB) 2, and HLA-mis-
matched UCB 5, and those for FHL were HLA-matched related BM
7 (sibling 6), haploidentical parent BM/PB 2, HLA-matched
unrelated BM 12, HLA-matched UCB 9, and HLA-mismatched
UCB 12. All CBs were obtained from unrelated donors registered in
the Japanese Cord Blood Bank Network. All unrelated donor
BMs were obtained from the Japanese Marrow Donor Program.
Myeloablative conditioning for EBV-HLH included VP16/busulfan
(BU)/CY in 8 patients (4 in UCB transplantation [UCBT]) and other
regimens in 3 patients, while those for FHL were VP16/BU/CY plus
or minus anti-thymocyte globulin (ATG) in 23 patients (10 in
UCBT) and others in 8 patients. Reduced intensity conditioning
(RIC) for EBV-HLH included melphalan (MEL)/fludarabine (FLU)
plus or minus thoracoabdominal irradiation in three patients (two in
UCBT), and those for FHL were MEL/FLU plus or minus low-dose
total body irradiation plus or minus ATG in eight patients (four in
UCBT) and others in three patients. Donor chimerism was assessed
by using short tandem repeats or sex chromosome analyses.

Evaluation of Late Sequelae

Long-term survivors were further questioned concerning their
physical growth, endocrinological status, and neurological deficits.
Neurological development including cognitive functions was
assessed by Karnofsky score, developmental quotient and/or school
performance.

Statistical Analysis

The 10-year overall survival (OS) rate with 95% confidence
intervals were estimated by the Kaplan—Meier method. The OS was
calculated for the period from the day of SCT until the death of any
cause or the final observation. All results were updated to May 31,
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TABLE I. Profiles of Patients Who Underwent Hematopoietic Stem Cell Transplantation

EBV-HLH FHL P-value
Number, male:female 14, 4:10 43, 23:20 0.37
Age at onset (median, range) 5.5y, 6m—18y 0.5y, 6d—12y <0.0001
Age at SCT (median, range) 5.9y, 1.4-18y 1.2y, 0.4-15y 0.0002
Observation period (median, range) 5.5y, 0.3-16y 4.8y, 0.2-19y 0.94
Manifestation at diagnosis (%)
Fever 100 95 >0.99
Hepatosplenomegaly 86 86 >0.99
Lymphadenopathy 36 21 0.30
Skin eruption 7 14 0.67
Respiratory failure 36 14 0.12
DIC 50 33 0.26
Treatment prior to SCT (%)
HLH9%4 only 36 (5/14) 60 (25/42) 0.14
Multidrug chemotherapy 57 (8/14) 19 (8/42) 0.017
Diagnosis to SCT (median, range) 5.8m, 1.8-24m 7.5m, 1.6-84m 0.18
SCT (n)
Allogeneic 11 42
Auto/Identical twin . 3 1
Nucleated cell doses (x 10%/kg) 1.3 (0.2-6.6) 2.5(0.1-12.7) 0.14
Donor
UCB 7 21 0.94
Others 7 22
HLA disparity no 4 28 0.09
HLA disparity yes (>1 locus®) 7 14
Conditioning
Myeloablative” 11 31 >0.99
RIC® 3 11
Irradiation yes 4 11 0.73
Irradiation no 9 31
ATG yes 0 8 0.18
ATG no 14 34
CNS abnormality (%)
At diagnosis 29¢ 4/14) 214 (9/42) 0.72
Before SCT 57 (8/14) 67 (28/42) 0.52
CSF pleocytosis 25 (2/18) 32 (7/22) >0.99
MRI abnormality 36 (5/14) 51 (20/39) 0.36
Convulsion 43 (6/14) 41 (17/41) 0.93
Disturbed consciousness 36 (5/14) 24 (10/41) 0.49
Post-transplant state (n)
Early death (<100 days) 2 7 0.48
Alive 12 29 0.31
Neurological deficit (%) 84 (1/12) 294 (7/24) 0.22
Late sequelae® (%) 8 (1/12) 52 (11721) 0.022

ATG, anti-thymocyte globulin; BU, busulfan; CNS, central nervous system; CSF, cerebrospinal fluid; CY,
cyclophosphamide; DIC, disseminated intravascular coagulopathy; EBV, Epstein—Barr virus; FHL, familial
hemophagocytic lymphohistiocytosis; FLU, fludarabine; HLH, hemophagocytic lymphohistiocytosis;
MEL, melphalan; MRI, magnetic resonance imaging; SCT, hematopoietic stem cell transplantation; TAI,
thoracoabdominal irradiation; TBI, total body irradiation; UCBT, unrelated donor cord blood trans-
plantation; VP16, etoposide. Parenthesis means the positive number of patients per the evaluable number of
patients. The observation period means the time from the onset to the last visit or death. “Human leukocyte
antigen (HLA) disparity was assessed by the serotyping data of HLA-A, -B, and -DR; "Myeloablative
conditionings for EBV-HLH were VP16/BU/CY 8 (4 in UCBT) and others 3, and those for FHL were VP16/
BU/CY +ATG 23 (10 in UCBT) and others 8; “Reduced intensity conditionings (RIC) for EBV-HLH were
MEL/FLU + TAI 3 (2 in UCBT), and those for FHL were MEL/FLU + low dose TBI + ATG 8 (4 in UCBT)
and others 3; “The proportion of patients having neurological abnormality was lower in survived patients
with EBV-HLH (P = 0.0015). Survived patients were neurodevelopmentally assessed at the last visit to the
hospital; °Late sequela(e) in EBV-HLH was hemiparesis (n = 1), and those in FHL were short stature (n =5),
endocrinological abnormality (n= 1), psychomotor retardation with or without seizure (n=35), brain
atrophy (n = 1), and hearing difficulty (n=1).
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2008. An analysis of the risk factors for SCT outcome was possible
for FHL, but not for EBV-HLH because of the small number of
subjects. Age at onset of HLH or at the SCT, duration from the onset
to SCT, CNS disease before SCT, donor sources, and the type of
conditioning were tested using the log-rank method. Cox propor-
tional-hazard model was employed to examine the association
between selected clinical variables and the risk for death. A logistic
regression model was used to investigate factors associated with
neurological sequelae. Chi-square test or Fisher’s exact test were
employed in other comparisons. P values less than 0.05 were
considered to be significant.

RESULTS
Profiles of EBV-HLH and FHL Patients

A comparison of the clinical profiles (Table I) revealed that the
ages at disease onset and at the time of SCT were each higher in
EBV-HLH than in FHL patients (P <0.0001, P = 0.0002, respec-
tively). No clinical manifestations differed between the two groups
during the disease course, including respiratory failure as well as
CNS abnormalities at diagnosis. The proportion of patients who
failed VP16 and CSA therapy including HLH94 protocol and
needed combination chemotherapy such as CHOP-VP16 before
planning SCT was higher in EBV-HLH patients than FHL patients
(57% vs. 19%, P =0.0168).

Outcomes of SCT

Engraftment and survival. Post-transplant outcomes of 43
FHL patients and 14 EBV-HLH patients are summarized in
Figures 1 and 2. The 10-year OS rates (median + SE%) of FHL
and EBV-HLH patients were 65.0+7.9% and 85.7+9.4%,
respectively (P =0.24; Fig. 3). In the allogeneic SCT cases with
FHL (Fig. 1), 29 attained engraftment, 6 had rejection or graft
failure, and 7 were undetermined. On the other hand, in EBV-HLH
(Fig. 2), seven were engrafted, three were rejected, and one was
undetermined. Of all 29 FHL patients engrafted after the first SCT,
26 were alive with no HLH relapse, but 3 died of treatment-related
mortality (TRM). Seven engrafted patients with EBV-HLH were
alive and well at the final follow-up. Among the nine rejection/graft
failure patients (six FHL, three EBV-HLH), a second UCBT was
successful in three of the four patients (three FHL, one EBV-HLH).
Twelve of the UCBT recipients for FHL that received a graft with the
first UCBT and two that received a second UCBT were alive at the
last follow-up; while seven died; six were due to TRM and one was
due to active HLH disease. Six of the seven UCBT recipients for
EBV-HLH were alive and well at the last follow-up, while only one
died of active HLH disease on day 18 post-transplant. A total of
29 FHL survivors after allogeneic SCT(s) had 17 complete donor
chimera (2 patients after second UCBTs), 3 mixed chimera (1 had
42% donor chimera in remission 18 months after SCT, 2 attained
>90% donor chimera until 6 months after SCT), 8 undefined, and
1 graft failure with CNS disease. Ten EBV-HLH survivors after
allogeneic SCT attained eight complete donor chimera (seven
patients after the first SCT and one patient after second SCT
[UCBT]), and two with autologous recovery. Two of three EBV-
HLH patients who rejected allogeneic cells were alive and disease
free more than 6 years post-transplant. One of two EBV-HLH
patients who underwent autologous SCT was alive and well 13 years

Pediatr Blood Cancer DOI 10.1002/pbc

ADF 26 [12%]

Engraft. 29 < .
Died of TRM 3 [1¥]
(1 <100 days)
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U-CB  21* 2~ UCB < ADF2
3 Died of TRM 1*
(1 <100 days)
Undetermined __, Died of TRM 7 [3*]
7 (5 <100 days)
Auto. 1 ’
PB 1 —— Died of HLH 1
Fig. 1. Cohort diagram for the clinical outcome of 43 patients with

familial hemophagocytic lymphohistiocytosis (FHL) who underwent
stem cell transplantation (SCT). Of 42 patients after allogeneic SCT, 29
achieved engraftment (18 complete, 3 mixed) and 6 failed to engraft.
One (#) with graft failure was alive with central nervous system disease
12 years after SCT. A total of 29 patients (67%) were alive after SCT.
The underlined data indicate the number of deceased patients. Seven
patients died within 100 days post-SCT (parenthesis). Asterisk (*)
means UCB. R, related; U, unrelated; BM, bone marrow; PB, peripheral
blood; CB, cord blood; ADF, alive with the disease free state; AOD,
alive on disease; Rej/GF, rejection or graft failure; TRM, treatment-
related mortality.

post-transplant [22]. One EBV-HLH patient was alive and well
10 years after the identical twin donor BMT.

Causes of death. Of 14 deceased FHL patients, 12 died of
TRM, including 3 chronic GVHD while 2 died of recurrent HLH.
Seven patients experienced early death from TRM within 100 days
after SCT (Fig. 1). One patient, later diagnosed with FHL2, died of
CNS disease 5 years after autologous SCT [14]. Two EBV-HLH
patients died of recurrent HLH within 50 days after SCT (Fig. 1).
No TRM-related deaths were noted among the EBV-HLH patients.

Engraft. & ADF 7 [6%]
/ ADF 1#

Allo. 11

R-BM/PB 3 i

U-BM/ 1 Re]_v{GF< ADF®

U-CB 7% Relapse <

\ 2 2nd UCB & ADF 1
Undetermined . Died of HLH 1*
(<50 days)
A:tglsvngz- 3 < ADF 2
uto
. Died of HLH 1
ID-Twin 1 (<50 days)

Fig. 2. Cohort diagram for the clinical outcome of 14 patients with
Epstein—Barr virus-associated hemophagocytic lymphohistiocytosis
(EBV-HLH) who underwent SCT. Among 11 patients after the first
allogeneic SCT, 7 achieved successful engraftment and 3 failed to
engraft. A total of 12 patients (86%) were alive after SCT. Two patients
(#) were alive and well more than 6 years after SCT failure. The
underlined data indicate the number of deceased patients. Two patients
died within 50 days post-SCT (parenthesis). Asterisk (*) means UCB.
Auto/Syng: autologous/syngeneic, ID: identical.
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Fig. 3. Cumulative probability of post-transplant overall survival of
FHL (solid line) and EBV-HLH patients (dashed line) who underwent
SCT. Closed circle and open triangle represent deceased and alive
patients, respectively. Each value indicates the 10-year overall survival
rate plus or minus standard error assessed by the log-rank test.
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Analysis of Prognostic Factors in FHL

A log-rank test on the OS rate did not show any significant
difference in terms of age at SCT (<2 years vs. >2 years), time of
SCT from HLH treatment (<6 months vs. >6 months), conditioning
regimens (myeloablative vs. RIC) and various donor sources (R-PB/
BM vs. UCBT vs. UBM; Table II). The Cox hazard model with
adjustment for gender and age at engraftment indicated that the risk
of death for UBM might be higher than that for R-PB/BM (adjusted
hazard ratio=0.07, 95% confidence interval [CI]=0.01-1.02,
P =0.05) and that for UCB (0.27, 95% CI =0.07-1.09, P =0.07,
Table II). No significant variables were found to predict the
risk of early death within 100 days post-transplant, or the risk of
neurological sequelae.

CNS Abnormalities and Late Sequelae

Table I shows that the frequency of CNS abnormalities at onset
and the time of SCT did not differ between the EBV-HLH and FHL
patients. Whereas, post-transplant CNS abnormalities were signifi-
cantly higher in the FHL patients (P = 0.0015). Eleven FHL patients
(52%) have had late sequelae including neurological as well as
endocrinological problems, in comparison to only one EBV-HLH
patient with left hemiparesis (P =0.022). Late sequelae of FHL

TABLE II. Association Variables Influencing on the Risk of Mortality in FHL Patients

(A) Log-rank analysis

Variables No. Survival (OS %) P-value
Age
<2 years 30 66.2 +£8.7 0.56
>2 years 12 750+125
Time from HLH treatment
<6 months 14 629+13.3 0.65
>6 months 28 71.4+£8.5
Conditioning
Myeloablative 31 71.0£8.2 0.50
RIC 11 60.6 £ 15.7
Donor sources
R-PB/BM, a 9 88.9+105 “avs.b 0.22
UCB, b 21 65.6£10.6 avsc 0.15
UBM, ¢ 12 58.3+14.2 bvsc 0.61
(B) Cox’s model analysis
Variables No. Adjusted hazard ratio 95% CI lower—upper limit  P-value
Stem cell source
Unrelated BM 12 1.00 Reference
Unrelated CB 21 0.27 0.07-1.09 0.07
Related PB/BM 9 0.07 0.01-1.02 0.05
Conditioning
Reduced intensity 11 1.00 Reference
Myeloablative 31 0.48 0.09-2.47 0.38
Radiation
No 31 1.00 Reference
Yes 11 0.52 0.11-2.52 0.41
Use of ATG
No 34 1.00 Reference
Yes 8 0.91 0.18-4.70 0.91
HLA disparity
No 28 1.00 Reference
Yes (>1 locus) 14 2.79 0.75-10.38 0.13

Both analyses (A, B) were performed for 42 FHL patients who underwent the first allogeneic SCT. The Cox
model analysis was performed with adjustment for selected variables including sex and age at engraftment.

Pediatr Blood Cancer DOI 10.1002/pbc
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included psychomotor retardation with or without seizures (n=5),
brain atrophy (n=1), hearing difficulty (n=1), short stature
(n=35), and impaired sexual development (n = 1).

DISCUSSION

No underlying immunodeficiency has yet been identified for
idiopathic EBV-HLH, which has been recognized to be distinct from
familial or inherited disease-related HLH like FHL. However, EBV
also acts as a trigger in the development of HLH episodes in FHL
patients. Therefore, caution must be exercised in the differentiation
of the two types of HLH disease. Strict use of the renewed diagnostic
criteria for the registered cases in Japan enabled an analysis of the
SCT results of 43 FHL and 14 EBV-HLH patients. The data first
revealed a high survival rate in UCBT recipients in either type of
HLH, indicating that CB could be preferable BM as the unrelated
donor source in SCT for pediatric patients with refractory HLH. In
addition, SCT in FHL patients was more problematic than that in
EBV-HLH, where it was associated with a high incidence of post-
transplant early death rate as well as late sequelae including
neurological deficits. The EBV-HLH patients showed no apparent
sequelae even if they had CNS involvement at diagnosis.

Information concerning SCT for HLH patients has been
accumulated mostly in FHL, but little has been published in EBV-
HLH except for sporadic case reports [10,11]. Previously published
major studies on SCT in FHL patients are summarized in Table III.
Because of the historical changes in the available genetic analyses,
supportive care practices, donor sources and conditioning, the pre-
2000 studies [23—27] might not be comparable to the current data.
Henter et al. [21] showed the improved survival of patients treated
with HLH-94 followed by BMT, in which the 3-year post-BMT
survival was 62%. Horne et al. [28] noted significant TRM due to
venoocclusive disease (VOD) after myeloablative conditioning, and
that an active disease status at SCT was associated with a poor
prognosis. Ouachee-Chardin et al. [29] reported 59% of OS in a
series of 48 patients including 60% of haploidentical SCT, and
indicated a high TRM due to VOD associated with young age.
Recently, Baker et al. [30] reported that BU/CY/VP16 plus or minus
ATG-conditioning provided a cure in 53% of patients after unrelated
donor BMT, but a high mortality rate at day 100 (32 of 50 [64%]
deceased patients). The present study showed a comparably high OS
rate (69%) and similarly high incidence of early death until day 100
(7 of 13 [54%] deaths after allogeneic SCT) in Japan. Probably, the
major distinction of the current study from the other reports is a
higher usage of UCBT (50%) and RIC (26%). Unfortunately, the
combined usage of RIC-UCBT was applied only in eight cases
(14%) in this study, which was insufficient to fully evaluate its
effectiveness. With regard to RIC-SCT with or without UCBT for
FHL, Cooper et al. [31] reported a high disease free survival (75%)
in 12 HLH patients (including 5 FHL) who underwent RIC-SCT
from matched family/unrelated or haploidentical donor, in which 3
of 9 survivors had mixed chimerism but remain free of disease. The
most recent report by Cesaro et al. [32] analyzed 61 cases including
an appreciable number of RIC (18%) and UCBT (10%), but did not
document the superiority of RIC-UCBT. In the present study, UCBT
had a tendency to yield a more favorable outcome than UBMT,
although the difference was not statistically significant. FHL infants
received SCT early; however the fact that survival of FHL patients
who underwent SCTat <2 years of age was not better than later SCT
might reflect the difficulty in determining the optimal timing of SCT
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TABLE III. Reports on the Clinical Outcome of Patients With HLH Who Underwent Allogeneic Hematopoietic Stem Cell Transplantation

FH
(%)

Median age at

No.

OS (%) Engraft. (%) Causes of death Refs.

Source

Donor
MRD/MMRD/haplo
MRD/MUD/haplo

Major conditioning regimen

SCT (months)

pts

[24]
[25]
[26]
[27]
[33]
[8]
[21]
[28]
[29]
[31]
[30]
[32]
Ours

TR, HLH, 2nd AML

HLH

TR, HLH, lymphoma
TR

TR, HLH, AML

TR, HLH
TR, HLH
TR, HLH
TR, HLH
TR, HLH

100
72
90
65
100
94
89
90
78
100
83

4.3
100
5

44,0
66.0
45.0

8.0
62.0
64.0
58.5
75.0
45.0
63.9

6

BM, CB (5), PB, CD34

BM, CB (7)

BM, CB (2), PB, CD34
BM, PB

BM

BM

BM

BM (T cell depleted)
BM

BM, CD34

BM, PB, CB (9)

(4]
0
(]
(o]
0

MSD/URD (67%)
MRD/URD/hap!
MRD/URD/hap
MRD/URD/hap
MSD/URD/hap!

MSD/URD (80%)
FLUMEL + BUS, FLU/2GyTBI MRD/URD/hap!

MMRD/MUD

URD

Myeloab VPI6/BU/CY =+ anti-LFAl

Myeloab NR
Myeloab  VP16/BU/CY, ATG/BU/CY

Myeloab  VP16/BU/CY

NR Myeloab VPI6/BU/CY +£ATG, TBI
Myeloab  VP16/BU/CY +ATG, TBI
Myeloab  VP16/BU/CY, ATG/BU/CY

RIC

Myeloab  VP16/BU/CY £ ATG
Myeloab  VP16/BU/CY £ ATG
NR Myeloab VPI6/BU/CY +ATG

45
48
30
36
42
31
34
35
17

13
NR
14
18
13
13
14
12
13
17

20
14
12
17
65°
86"
48
12
91

TR (68%), HLH (27%)
TR (79%), HLH (21%)

78
78

BM, PB, CB (21) 69.0

BM, PB, CB (6)

MRD/MMRD/URD
MRD/MMRD/URD

RIC (18%) VP16 or MEL/BU/CY £ ATG

RIC (26%) VP16/BU/CY +ATG, TBI

20
55

61
42

AML, acute myelogeneous leukemia; BM, bone marrow; BU, busulfan; CB, cord blood; CY, cyclophosphamide; FHL, familial hemophagocytic lymphohistiocytosis; FH, family history; FLU,

fludarabine; MEL, melphalan; MMRD, HLA-mismatched related donor; MRD, HLA-matched related donor; MSD, HLA-matched sibling donor; MUD, HLA-matched unrelated donor; NR, not

recorded; PB, peripheral blood; RIC, reduced intensity conditioning; TBI, total body irradiation; TR, transplantation-related events; URD, unrelated donor; VP16, etoposide. “Sixty four of 65 patients

studied by Henter et al. [21] were included in 86 patients by Horne et al. [28].



or introducing appropriate RIC regimens in young infants. In UCBT,
a major obstacle was thought to be early graft failure, but once
engrafted no late graft failure could not be seen [29]. We confirmed
this finding in our UCBT cases.

Diirken et al. [33] reported that six HLH patients with CNS
disease underwent allogeneic BMT and three of them had no
persistent neurological problems after transplant. More recently,
SCT is thought to be preferable for FHL patients at the early stage of
CNS disease with variable presentation [34,35]. Fludarabine-based
RIC has been preferred in SCT for FHL patients in order to reduce
late sequelae [36,37]. Since CNS disease itself had no impact on the
OS in the current study, but nearly half of the long-term survivors of
FHL had late sequelae associated with growth and development,
further prospective studies should be focused on how to reduce late
sequelae in SCT for FHL patients.

In the treatment of refractory EBV-HLH, no consensus has yet
been reached concerning the treatment of patients who fail to
respond to the HLH-2004 protocol type immunochemotherapy.
Several reports documented that SCT led to a complete remission in
such cases [8,10,11,28,38,39]. The present study revealed that use of
pre-SCT combination chemotherapy might be associated with a
better therapeutic impact on subsequent SCT in patients with EBV-
HLH. Furthermore, long-term survival, that is, a probable cure,
could be obtained even after autologous SCT [22] or identical
twin donor BMT, suggesting that a reconstitution of allogeneic
hematopoietic stem cells was not essential in the successful SCT for
EBV-HLH patients as described in the autologous PBSCT success
for lymphoma-associated HLH [40]. In addition, long-term survival
even after graft failure or post-transplant relapse in EBV-HLH
patients might suggest the possibility of resetting the adaptive
immune response to the virus as postulated in autologous SCT for
the treatment of autoimmune diseases [41,42]. Moreover, successful
syngeneic SCT may imply that EBV-HLH is not a monogenic
disease, since Chen et al. [43] observed that a primary infection of
EBV incited HLH in a pair of the twins, but not in the identical twin
counterpart. These observations implied that the genetic influence in
patients with EBV-HLH might be distinct from that in patients with
FHL on precipitating the excessive immune activation. Further
prospective studies should therefore be directed toward not only the
optimization of UCBT-RIC to improve survival of FHL patients, but
to better understanding of the pathological interaction between
cytotoxic granule disorders and EBV.
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A Diamond-Blackfan Anemia Patient with Mutation of RPLII Gene
who Had Relatively Mild Clinical Course
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Abstract Diamond-Blackfan anemia (DBA) is a congenital pure red cell aplasia. Recently, mutations of ribosomal
protein (RP) genes have been reported in about 50% of patients with DBA. We encountered an 8-year-boy who
showed a relatively mild clinical course for DBA. It was difficult to make a diagnosis. DNA derived from peripheral
blood of this patient was analyzed for 6 ribosomal protein genes (RPS19, RPS24, RPS17, RPL5, RPL11, RPL354)
known as the cause of DBA, and RPSI4, recently identified as the responsible gene for 5q-syndrome. A novel muta-
tion in exon 5 of RPL11 (462delA) was identified in this patient, suggesting that he be diagnosed with DBA. In some
cases showing relatively mild phenotype for DBA, identification of ribosomal protein gene mutation leads to a diagno-
sis of DBA.
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Barr (EB) ¥ A JVZIT X % transient erythroblastopenia of
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1. 4510 hAKARRERR

MkBREFRR (Table 1) © EERHEEIMZZ L TH D,
FRFRIMIRIEME T H - 7o, BRZUEIMPA MR,
EMFEREENRIEENTH - 1z,

FEEE (Fig. 1) - B%MEEIZ 110,000, ERZIKEL
56.3/ul, M/E .39, FRIFHRRDAE L WVEIEKRZZD,
—38 myeloid Sk (TR D IRk =B D 7o,

Jo=—7y+4 Ti& CSF-GM, BFU-E & bIZIEFED
5~10 20 3 0= - A RD 12,

gutaAHA (G-banding) : 46, XY, ZE{fkR#E (FISH) :
monosomy 7 (—), trisomy 8 (—), ZyEa{AWTZLEER 2/100
break/gap.

2. 4% 10 7 BRABRRERES

ABE# AR BRI ATV, M I Hb 8~9 g/dl &~
FRUZD, ZO®RBLIET LEIME{THEWIRET,
Hb 5.3~5.8 g/dl (FRIRIRIMEK 2~3%0) ZHERE L 7c7c ),
DigAkic TRBBERO A E L, Bt Gkl AH)

E24% FE45 20108 A)

%, OIS REEICE 1 BIFEE ORIMBKEIN %2 L
Twio GER10 4 AB, 657 7 AR 25, LIZWVICE
MEBEENEZ (TR8 N A, 710 7 AK:, 804
AER) 7oto%, 8% 1 AR BHERIE & /o Bkl
BHTABEE 12 - 12,

3. 81 WABARKEERR

MEHKRE (Table 2) : AIEIERE, [EXKMEEMEED 5.
HEIRFRIMER 1 9.6%0 T - 7.

BB (Fig. 2) © A%MAEEUL 321,000u], E&ZBKE
156.3/ul, M/E k. 7.26. B THRFEKFDOAEF L WK
ok A2, FERIE 7.3% (type I 7.0%, type I1 0.3%) &
PRE o e BEHEMMKIEE A< <, pure red cell
aplasia (PRCA) 1GEWEBTH -7 (AA/NRMFES
MDS ZE/BAABRUEMBES X RZEHICEL S).

Jwo=—7y A TIld, CSF-GM, BFU-E & b IiCIEH
Do =—EkERD .

JLUBfRRE (G-banding) : 46, XY, Zefaffid (FISH) :

Fig. 1 Bone marrow findings (4y10mo)

Erythroid precursors are absent in normocellular bone
marrow. Slight dysplastic changes in the myeloid cell
are also seen.

Table 1 Laboratory findings (4y10mo)

Peripheral blood

Blood chemistry

WBC 8,000 /ul BUN 9.4 mg/dl UIBC 39 ug/dl
RBC 188 X 10* /ul Cre 0.4 mg/dl TIBC 226 pg/dl
Hb 6.4 g/dl Na 137 mEq/! Direct Coombs’ test (—)
Ht 17.3% K 3.9 mEq/! Indirect Coombs’ test  (—)
MCV 91.8 1l Cl 101 mEq/! Haptoglobin 301 mg/dl
MCH 339 pg AST 20 1U/1 Folic acid 12.5 ng/ml
MCHC 37.0% ALT 91U/I Vit. B12 440 pg/ml
PLT 31.2X10% /ul LDH 228 TU/I Hemoglobin F 1%
Reticulo 0.3%o0 CPK 94 1U/1 Erythropoietin ~ 7,493.5 mU/ml
Glu 95 mg/dl HAM test (—)
CRP 1.7 mg/dl
Fe 187 ug/dl
Ferritin 120 ng/ml
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Table 2 Laboratory findings (8ylmo)

Peripheral blood

Blood chemistry

WBC 4,900/ul BUN 9.0 mg/dl Ferritin 370 ng/ml
RBC 234 X 10%ul Cre 0.4 mg/dl UIBC 80 pg/dl
Hb 8.0 g/dl Na 142 mEq/I TIBC 227 pg/dl
Ht 22.8% K 42 mEqg/l  Direct Coombs’ test (=)
MCV 97.2 1 Cl 106 mEq/!  Indirect Coombs’ test  (—)
MCH 34.2 pg AST 171U/l Haptoglobin 76 mg/dl
MCHC 35.2% ALT 8 1U/I
PLT 29.8 X 10%/ul LDH 197 1U/1
Reticulo 9.6%0 CPK 145 10/
Glu 91 mg/dl
CRP 0.1 mg/dl
Fe 147 ug/dl
. # =

Fig. 2 Bone marrow findings (8y1mo)
Erythroid precursors are insufficient in hypercellular
bone marrow.

monosomy 7 (—), trisomy 8 (—).

4. 8% 1 W ARARRER

PRCA 75 - & bEED Lin - 128, BEEEHRIC TIHFEK
% 73%2%, BRHEEMKESEE (MDS) & OERIA L
ETho-7oI &S, DBA ORKEMRTFTH 5 RP #E
EFOERICOVWT O EIT > fo. RITICEL TE,
Zh% CDBA TEROHENDH 5 6 Bzt (RPSIY,
RPS24, RPS17, RPL5, RPL11, RPL354) ¥ & U 5q-EREE
DEKEEFTH S RPSI4 IO VW TEREDOREEIT -
tz. Z# DR, RPLII BIzF D exon 51T 1 HERKK
(462delA) =R L, Z DR frameshift IZ & 5 prema-
ture stop codon BFEA SN 5 T LAbn D, DBA &2
L7 (Fig. 3).

BEE% bMIREDIRESFEV TV 83 7 A,
8 B% 4 # AR ICIRIMBKEAIMN % METT) 45, RP BRTER
D & B ¥IRAT% prednisolone 1 mg/kg/day D AR % B L
i ABMOAKENEON, RT o4 FiREHKBR
9 7 HEE, FRIMMEKGMAAEDIRETERAL TV 5.
SHOREEEAMEL 720 - LTV AHTH 5.

1936 4F Josephs (2 & 0 2 ¥, 2 F4%IT 13 Diamond &
Blackfan IZ & 0 4 P »#E SN TLIK, DBA OFRIC
B4 2 X X HHENITORTELY, Eb {HEHRII
REFCdh - 2. 1999 4EiC RPSI9 i#&{x T-ZE %55 DBA &
FBOR 25%ICEBD 5N B T ENME SN TLIRY, DBA
DEREEFE L TEHDO RP #EITORIEINTE /.
RP BEFERICHES Y AV —LOKEREEZEDcHEL
3 HER O BE A DBA OEIMEEOHLHIE A A =X 4
THBIEDESHLITHD >2H B, IhnE TIKREE
N7 RPEBEZEFOEBICLD DBA DRFEHIc>VWT
BREZEFORENARETH 505, THEL ¥HKO
DBA OFREETIERHTH 5.

AFEF TERD 12 RPLI B FERBERRSE DIV
HHO D TH - 72. DBA D 30% THIEDOEHER
WY, &< ITRPLS TROE, OEH, TRELEESR
D RELEDEREEMNA SN, RPLII BIzTE
BTRRHEHEMORENSHETRD SN M, K
EFTREBEOERFEA2EDARTIIEBD S - 1.

RPLI] BnFERFIZE& D T, DBA BED H BRI
SEARBICRAE L, RMEKRAMKEFELLLILE
W AS, AREFNIFIFEAS 1 B X S8 <, FRIMEREIMMIK
B0 bFERICA-THSE, EKOMELD
bEREBRAERL T, Fog@d, fRIRMEKE
BT LHEMBETREL EED SEMICH T TEHER
Wik, 390=—7 &4 TBFU-E®a8o=—JEmK
BERHONITEEEYD, HEKN DBA & ERLLE
BB LUOBRBELEROICHBWNICER L T, RPE
EFEROBRE» SBWICE - 2. KIEFTORBRITE
RoEFT, HEGIE R REERIFHOEBRFER
LELET AEREM O EZ SNk, TOHICOVTRE
S ARNBUNETH B,
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Direct seqgence analysis

TA cloning analysis
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Fig. 3 Germline mutation analysis of the RPL// gene revealed the substitution of an alanine by a premature stop codon
at amino acid position 153 (p.A153fs*40) resulting from a heterozygous one base deletion at nucleotide 462 (c.462delA)

in exon 5.

—7, BERIGHEICBI L T, RPSI9BIZFEREDE L
EFTIERT oA FIREOBYHERN 10% 5B 501
Xt LT, RPSI9 BETERD S HEHTIIENE 46%
ERIEARRT, BMIREELEL S E0HENH 52,
RPLI] BzFZROEEE X7 04 FiGERIGHE B
LTRIEFEOESN TS I ESEHERTVA, K
FERI T ZIGEFGRTNCIMIKE Ch > DA R F o K
IRERGR IEIMSAZDIRENFEVTB D, HERIE
HREENRBFTHEEEZ TS,

8% 1 7 A EMERITHFIKOESL (73%) 2FH
MDS & ORI ERE L 7245, DBA T3 AML ® MDS
WEERRET L) A7 bg0WEaNsY oy, 5EBFE
FOEARBENLETH 5.

Iv. #% 3

HTIE7E DBA L IRENR D, BRUVERLRTER D
H1iCd RP B TFABRET S T &Ik D DBA DZHIC
EAEFIPEET 5. 5%, EEIKKIC DBA HEEbh
IEFICDWT, RPEBEIETFERDOKREZEITI C & W
ICHEDOREICIE - T 2 EEbN 3.

FRXOEER, Fs51BEANRMEFES (BE)
ICTREFLI.
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