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A B S T R A C T
Our previous research indicated that a reduced-intensity conditioning regimen (fludarabine and melphalan
at 100 mg/m2) was useful in allogeneic hematopoietic cell transplantation (HCT) for patients with lymphoma.
This retrospective study evaluated the reduced-intensity conditioning regimen in allogeneic HCT for adult
patients with hemophagocytic lymphohistiocytosis (HLH). Sixteen patients with HLH were evaluated, including 6
patients who were enrolled in a prospective clinical trial (NCT00772811) and 10 patients who received the same
conditioning regimen (fludarabine at 30 mg/m2/day on days �6 to �2 and melphalan at 100 mg/m2 on day �2).
The median age was 42 years (range, 18 to 64), and 12 patients had Epstein-Barr virus (EBV)-associated HLH.
Donors were an HLA matched sibling for 10 patients, an unrelated matched volunteer for 4 patients, and a mis-
matched family member for 2 patients. After excluding 3 patients who died soon after HCT, 12 patients achieved
an engraftment (neutrophil median, day 12; platelet median, day 16). Five patients experienced acute graft-
versus-host disease (GVHD), including 1 case of grade II and 4 cases of grades III to IV. Chronic GVHD occurred in
3 patients (moderate, 1 case; severe, 2 cases). After a median follow-up of 33.8 months 1 patient progressed,
3 patients relapsed, and 9 patients died. Five deaths were unrelated to relapse or progression and were caused by
infection (n = 3), bleeding (n = 1), and GVHD (n = 1). No deaths or relapses were observed at >124 days post-
transplant. The overall survival rate was 48.6%, and significant differences were observed according to pretrans-
plant ferritin level (P = .007) and cytopenia lineage (P = .021). Before allogeneic HCT 10 of 12 patients still tested
positive for EBV DNA: 6 patients tested negative for EBV DNA after HCT, 2 patients had persistent EBV DNA, and 2
patients were unassessable because of early death. Conditioning therapy using a lower dose of melphalan com-
bined with fludarabine appears to be promising in allogeneic HCT for adults with HLH. However, strategies are
needed to reduce the risk of early death.

© 2018 American Society for Blood and Marrow Transplantation.
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INTRODUCTION
Adult hemophagocytic lymphohistiocytosis (HLH) is a rare

but fatal disease [1,2]. Furthermore, the diagnosis of HLH
remains challenging, despite recent advances in diagnostic
methods, including molecular testing [3,4]. The occurrence of
HLH is associated with dysfunction of natural killer cells and
cytotoxic T lymphocytes, which is caused in primary HLH by
genetic mutations affecting the cytotoxic granule activity path-
way or is caused in secondary HLH by malignancies, infections,
autoimmune diseases, and medications [5,6].
The treatment of HLH consists of suppressing the uncon-
trolled immune response and cytokine-stimulated cells
through immunochemotherapy (HLH-directed treatment),
regulating the disease trigger, and controlling any opportunis-
tic infection [2,7]. However, immunochemotherapy alone is
insufficient in many cases, and allogeneic hematopoietic cell
transplantation (HCT) is needed to eliminate and replace the
defective immune system [1]. In addition, HLH can cause a
severe uncontrolled immune reaction or cytokine storm [8].
Moreover, the global immunosuppression during HLH treat-
ment makes it critical to control opportunistic infections [7,9].
Adult cases of HLH, which require allogeneic HCT, are often
complicated and involve significant pre-HCT comorbidities.

Reduced-intensity conditioning (RIC) regimens with vari-
ous combinations of fludarabine and melphalan have been
used in allogeneic HCT for HLH, and previous studies have indi-
cated that allogeneic HCT with a RIC regimen may improve the

http://crossmark.crossref.org/dialog/?doi=10.1016/j.bbmt.2018.11.032&domain=pdf
mailto:jhleecr@amc.seoul.kr
https://doi.org/10.1016/j.bbmt.2018.11.032
https://doi.org/10.1016/j.bbmt.2018.11.032
https://doi.org/10.1016/j.bbmt.2018.11.032
http://www.bbmt.org


Table 1
Patient Characteristics at the Time of HCT

Characteristic Value

Median age at HCT, yr (range) 42 (18-64)
Male sex 9 (56.3)
Cause of HLH
EBV 12 (75.0)
Idiopathic 4 (25.0)

Clinical status at HCT
Reactivation of disease 9 (56.2)
Failure to achieve CR 7 (43.8)

Partial response 6
Refractory disease 1

Comorbidity index*
0 2 (12.5)
1�2 3 (18.8)
�3 11 (68.7)

Donor type
MSD 9 (56.2)
URD 5 (31.3)
HFD 2 (12.5)

Median time from diagnosis to HCT, mo (range) 2.7 (1.5-7.2)

Values are n (%) unless otherwise defined. CR indicates complete response;
MSD, matched sibling donor; URD, unrelated donor; HFD, haploidentical fam-
ily donor.
* Patient comorbidity scores were obtained using the HCT-specific comor-

bidity index [20].
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survival of pediatric patients with HLH [10-15]. However, little
is known regarding the feasibility and outcomes of allogeneic
HCT for adults with HLH [16,17]. Our prior study used a less-
intensive conditioning regimen involving fludarabine and mel-
phalan at 100 mg/m2 (Flu/Mel 100) and revealed promising
results in allogeneic HCT for lymphoma [18]. Therefore, this
retrospective study evaluated the Flu/Mel 100 conditioning
regimen in allogeneic HCT for adult patients with HLH.

METHODS
Patients

Between October 2008 and July 2016, 16 adult patients with HLH under-
went allogeneic HCT with the Flu/Mel 100 regimen and were included in this
study. All patients were >18 years old and fulfilled �5 of the 8 HLH criteria at
the diagnosis [6].

Epstein-Barr virus (EBV) DNA load was quantified using the commercially
available Artus EBV QS-RGQ assay (Qiagen, Germantown, MD) according to
the manufacturer's protocol. Mutations of the UNC13D and PRF1 genes were
evaluated for patients who were aged <30 years, based on a Korean nation-
wide survey that revealed UNC13D and PRF1 gene mutations were common
among Korean pediatric patients with HLH [19]. Patient comorbidity scores
were obtained using the HCT-specific comorbidity index [20].

One patient had received dexamethasone and cyclosporine, whereas the
other 15 patients were treated using the etoposide, dexamethasone, and
cyclosporine-based HLH-2004 protocol [6]. All patients received allogeneic
HCT because they still had active disease despite proper treatment or had
experienced HLH reactivation during continuation therapy. The first 6
patients were enrolled in a prospective clinical trial that evaluated the Flu/
Mel 100 regimen in allogeneic HCT for lymphoid malignancies
(NCT00772811), and the other 10 patients underwent the same conditioning
regimen but outside of the clinical trial. This retrospective study complied
with the tenets of the Declaration of Helsinki and was approved by the Asan
Medical Center Institutional Review Board.

Conditioning Regimen and Transplantation Procedure
Patients were typed for the HLA-A, -B, -C, and -DRB1 alleles. Donor

searches were performed in the order of HLA-matched sibling donors, HLA-
matched unrelated donors, and HLA-mismatched familial donors. The condi-
tioning regimen consisted of fludarabine at 30 mg/m2/day administered i.v.
for 5 consecutive days (days �6 to �2) and melphalan at 100 mg/m2 i.v. on
day �2. Melphalan was administered after completion of the fludarabine
infusion. In cases involving unrelated or mismatched familial donors, the
patients received rabbit antithymocyte globulin (ATG; Thymoglobulin; Sang-
Stat Medical Corp., Lyon, France) at 3 mg/kg/day i.v. on days �4, �3, and �2.
On day 0 all patients received a peripheral blood progenitor cell graft without
T cell depletion, which had been mobilized using granulocyte colony-stimu-
lating factor.

Ciprofloxacin, acyclovir, and micafungin were administered for infection
prophylaxis. Immunoglobulin (0.5 g/kg i.v.) was administered on days 7, 30,
60, and 90. Treatment using granulocyte colony-stimulating factor (450 mg/
day) began on day 5 and continued until the absolute neutrophil count
reached >3000/mL. Graft-versus-host disease (GVHD) prophylaxis was pro-
vided using cyclosporine and methotrexate. Cyclosporine (1.5 mg/kg i.v.
every 12 hours) was started on day �1 and subsequently switched to an oral
dose after oral intake became possible. Patients also received methotrexate at
a dose of 15 mg/m2 on day 1 and then at a dose of 10 mg/m2 on days 3, 6, and
11. Methotrexate on day 11 was omitted in patients undergoing matched sib-
ling donor HCT. For pneumocystis prophylaxis trimethoprim-sulfamethoxa-
zole was started after the absolute neutrophil count reached >3000/mL and
continued 6 months after transplantation.

Patient Monitoring
The date of bone marrow engraftment was defined as the first of 2 conse-

cutive days with an absolute neutrophil count � 500/mL. The date of platelet
engraftment was defined as the first of 7 consecutive days with unsupported
platelet counts � 20,000/mL. Bone marrow examinations were performed at
4 to 6 weeks after HCT. Acute GVHD [21] and chronic GVHD [22] were
assessed as described. At approximately 1 month after HCT, hematopoietic
chimerism was assayed using a PCR-based method and the assay repeated
every 3 months for 1 year. Presence of EBV and cytomegalovirus DNA in the
blood was evaluated using quantitative PCR every 2 weeks until day 100.

Statistical Analysis
Overall survival (OS) was calculated from the date of HCT to the date of

death from any cause. Intergroup comparisons of OS were performed using
the Kaplan-Meier method and the log-rank test. Statistics were performed
using IBM SPSS software (version 21.0; IBM Corp., Armonk, NY). Treatment-
related mortality (TRM) and relapse or progression were considered
competing risks and were compared using the Gray method with R ver-
sion 3.3.2 (R Foundation for Statistical Computing, Vienna, Austria).
RESULTS
Patient Characteristics

The median age was 42 years (range, 18 to 64), and
12 patients had EBV-associated HLH. Allogeneic HCT was per-
formed because of HLH reactivation in 9 patients and failure to
achieve a complete response in 7 patients (partial response,
6 patients; refractory disease, 1 patient). Donors were an HLA-
matched sibling for 10 patients, an unrelated volunteer for
4 patients, and a mismatched family member for 2 patients.
The median time from diagnosis to allogeneic HCT was
2.7 months (range, 1.5 to 7.2) (Table 1).
Engraftment and Post-Transplant Adverse Events
Excluding 3 patients who died early after HCT, 13 patients

achieved an absolute neutrophil count of �500/mL at a median
interval of 12 days after HCT (range, 10 to 18). Twelve patients
achieved transfusion-independent platelet counts � 20,000/mL
at a median interval of 16 days after HCT (range, 10 to 230).
One patient (patient 5) did not achieve transfusion-indepen-
dent platelet recovery until he died (with 98% donor chime-
rism at 264). After follow-up 3 fully engrafted patients
experienced relapse/progression. The overall rate of graft fail-
ure was 30.8%.

Except 4 patients (including 3 patients who died early after
HCT), hematopoietic chimerism studies were performed in
12 patients. Ten of 12 patients showed complete donor chime-
rism at 1 month after HCT. Two patients demonstrated 99%
donor chimerism at 1 month after HCT. These patients con-
verted to complete donor chimerism at 3 months after HCT
(without any intervention), but patient 5 showed 98% donor
chimerism at last follow-up. Another 2 patients showed com-
plete donor chimerism at 1 month after HCT but had a re-
emergence of mixed chimerism at relapse (patients 11 [91%]
and 13 [43%]). All other patients (75.0%) showed sustained
complete chimerism at the time of last follow-up.
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Infectious complications occurred in 6 of 16 patients
(37.5%). Patient 1 had grade 4 neutropenia/thrombocytopenia
and hepatic fungal infection at the time of conditioning ther-
apy and subsequently died of sepsis (Stenotrophomonas malto-
philia) on post-transplant day 21 without recovery from the
pancytopenia. Patient 8 experienced central nervous system
involvement of HLH and perianal abscess (Escherichia coli and
Klebsiella pneumoniae) during the HLH continuation therapy
and subsequently died of rapidly progressed fungal pneumonia
on post-transplant day 8. Patient 16 had fungal pneumonia
(Fusarium spp.) and eventually died of pneumonia despite a
slow recovery from the pancytopenia after HCT. Nine patients
had cytomegalovirus infection and 1 patient progressed to
cytomegalovirus gastritis (patient 12).

Gastrointestinal adverse events related to the conditioning
regimen were frequent, including 4 episodes of grade 3/4 tox-
icity (oral mucositis, 3 cases; vomiting, 1 case). One patient
experienced grade 2 hematuria. Five of 16 patients developed
acute GVHD at a median interval of 20 days after HCT (range,
12 to 32), including grade II in 1 case and grades III to IV in
4 cases. Patient 15 had reactivated disease at the time of HCT
and subsequently died of grade IV acute gastrointestinal
GVHD. Chronic GVHD occurred in 3 patients at a median inter-
val of 88 days after HCT (range, 70 to 102) (Table 2).
Figure 1. Overall survival. (A) All 16 patients. (B) Survival according to pretransplant fe
according to pretransplant cytopenia lineage number (unilineage [n = 9] versus �2 line
ies/mL [n = 8] versus �106 copies/mL [n = 4]).
Survival after Transplantation
Among surviving patients and after a median follow-up of

6.5 months after allogeneic HCT (range, .2 to 97.8), 9 patients
(56.3%) subsequently died. Four deaths were related to relapse
(n = 3) or progression (n = 1) after HCT, and 5 deaths were not
related to relapse or progression (infection, 3 cases; broncho-
pulmonary hemorrhage, 1 case; GVHD, 1 cases). Patient 5 died
of diffuse alveolar hemorrhage because of incomplete platelet
recovery on post-transplant day 264. Five of 9 deaths occurred
within 100 days after HCT, and no deaths or relapses were
observed after post-transplant day 264. In total, the 1-year
cumulative incidence of TRM was 31.2% (95% confidence inter-
val, 10.7% to 54.6%).

Eight patients (50.0%) received ATG during conditioning.
Four patients in the ATG group (infection, 1 case; relapse,
2 cases; progression, 1 case) and 5 patients in the non-ATG
group (infection, 2 cases; bronchopulmonary hemorrhage,
1 case; relapse, 1 case; GVHD, 1 cases) died. The 5-year OS rate
was not significantly different between groups (50.0% versus
37.5%, P = .990).

The 5-year OS rate was 48.6% (Figure 1A), with significantly
better OS associated with a lower pretransplant ferritin level
(<20,000 ng/mL versus �20,000 ng/mL, 58.3% versus 0%,
P = .007; Figure 1B) and unilineage cytopenia based on the HLH
rritin level (<20,000 ng/mL [n = 12] versus �20,000 ng/mL [n = 4]). (C) Survival
ages [n = 7]). (D) Survival according to pretransplant EBV DNA load (<106 cop-
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diagnostic guidelines [6] (unilineage versus �2 lineages, 66.7%
versus 14.3%, P = .021; Figure 1C).

Plasma EBV-DNA Status and Post-Transplant Outcomes
Two of 12 patients with EBV-associated HLH had no detect-

able EBV DNA at HCT, and both patients remained alive with-
out relapse. Among 5 patients with no detectable EBV DNA
after HCT, 4 patients remained alive without relapse, although
1 patient died of hemorrhage. Among 5 patients with detect-
able EBV DNA at HCT, 2 patients died of sepsis and disease pro-
gression during the early post-transplant period, whereas the
other 3 patients died later because of disease relapse, GVHD,
and pneumonia. The 5-year OS was significantly better for
patients with an EBV DNA load < 106 copies/mL (62.5% versus
25%, P = .029; Figure 1D).

DISCUSSION
HLH involves severe and uncontrolled hyperinflammation

[2], which can be caused by a genetic defect or various nonge-
netic factors [2,6]. The introduction of immunochemotherapy
has resulted in approximately 80% of familial HLH patients
responding to the initial treatment, and HCT after immunoche-
motherapy is a curative option for primary HLH [1]. However,
there are no established therapeutic strategies for adult
patients with HLH, especially in relapsed or refractory cases,
because of their variable clinical courses and disease triggers.
Furthermore, the outcomes of relapsed or refractory adult HLH
are generally poor. Allogeneic HCT has a poorly defined role in
this setting [23], although it appears to be effective for relapsed
or refractory adult HLH [9,24]. Li et al. [25] have reported that
19 of 30 patients survived after transplantation for refractory
EBV-associated HLH, whereas all patients who did not undergo
stem cell transplantation died.

Myeloablative conditioning�based allogeneic HCT for pedi-
atric HLH is associated with a TRM rate of approximately 30% to
35% [26,27]. To reduce the post-transplant TRM rate, previous
studies have introduced RIC-based transplantation for pediatric
HLH, which was associated with a reduced TRM rate and
improved survival [10,13]. The present study evaluated adult
patients with HLH who received RIC (a reduced dose of melpha-
lan plus fludarabine) and revealed a 5-year OS rate of 48.6%,
which is slightly lower than the OS rates in the pediatric popula-
tion (54.5% to 89%), as well as a higher incidence of grades II to
IV acute GVHD (31.3%) relative to the pediatric population
[10,11,15]. Machowicz at al. [17] reported similar outcomes in
patients with adult HLH, resulting in a 3-year OS of 41%, and
engraftment of 77% (RIC, 37%). Nevertheless, previous studies
that used RIC-based transplantation for pediatric HLH revealed
a relatively high incidence of mixed chimerism (31% to 79%)
[10,11,13], whereas the present study revealed sustained com-
plete donor chimerism in 75.0% of patients after HCT.

The previous study of pediatric primary HLH has reported
that a sustained remission was achieved in patients with a
donor chimerism of more than 20% of leukocytes [28]. There-
fore, although a result of RIC-based transplantation for pediat-
ric HLH trials showed high incidence of mixed chimerism, OS
rate was improved to myeloablative conditioning�based
transplantation. In our study 2 patients relapsed 108 and
64 days after transplantation (donor chimerism at relapse, 91%
and 43%, respectively). Cause of HLH of these patients was idio-
pathic. It may suggest that the mechanism of relapse of adult
HLH is different from pediatric primary HLH.

A recent phase II trial reported an outcome of RIC-based allo-
geneic HCT (fludarabine, melphalan, and alemtuzumab) for a
largely pediatric cohort. The 1-year OS rate was 80.4%, with a



Table 3
Comparison of Fludarabine and Melphalan�Based Conditioning Regimens

Day Cooper et al. [10] Park et al. (this study) Allen et al.* [29]

�14 Alemtuzumab (test dose)
�13 Alemtuzumab (max 21.75 mg)
�12 Alemtuzumab (max 21.75 mg)
�11 Alemtuzumab (max 21.75 mg)
�10 Alemtuzumab (max 21.75 mg)
�9 Rest
�8 § Alemtuzumab .2 mg/kgy Fludarabine 30 mg/m2

�7 Fludarabine 30 mg/m2 § alemtuzumab .2 mg/kgy Fludarabine 30 mg/m2

�6 Fludarabine 30 mg/m2 § alemtuzumab .2 mg/kgy Fludarabine 30 mg/m2 Fludarabine 30 mg/m2

�5 Fludarabine 30 mg/m2 § alemtuzumab .2 mg/kgy

§ ATG 3 mg/kgz
Fludarabine 30 mg/m2 Fludarabine 30 mg/m2

�4 Fludarabine 30 mg/m2 § alemtuzumab .2 mg/kgy

§ ATG 3 mg/kgz
Fludarabine 30 mg/m2 § ATG 3 mg/kgx Fludarabine 30 mg/m2

�3 Fludarabine 30 mg/m2 § ATG 3 mg/kgz Fludarabine 30 mg/m2 § ATG 3 mg/kgx Melphalan 140 mg/m2

�2 Melphalan 140 mg/m2 § ATG 3 mg/kgz Fludarabine 30 mg/m2 +melphalan 140 mg/m2

§ ATG 3 mg/kgx
Rest

�1 Melphalan 125 mg/m2*,y § ATG 3 mg/kgz Rest Rest
0 Cell infusion Cell infusion

* For adults and children > 15 kg.
y For matched sibling /unrelated donor transplantation.
z For mismatched familial donor transplantation.
x For unrelated or mismatched familial donor transplantation.
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relative high rate of suboptimal engraftment [29]. In our study
all patients were conditioned with fludarabine and melphalan,
and those undergoing unrelated or mismatched familial HCT
received ATG. ATG was used in allogeneic HCT to prevent
GVHD, also used in treatment of primary HLH as a part of immu-
notherapy [30]. We performed subgroup analysis according to
use of ATG, but the 5-year OS rate was not significantly different
between groups. Our study was retrospective and analyzed a
small number of patients, and we did not observe an effect of
ATG on the survival and engraftment (Table 3).

The optimal dose of melphalan for RIC remains controver-
sial, although a melphalan dose of 140 mg/m2 has been most
commonly used. We further reduced the melphalan dose to
100 mg/m2 because adult patients with relapsed or refractory
HLH frequently have complications before the HCT. In the pres-
ent study 7 patients had infectious complications at HCT and
another patient had a nontraumatic brain hematoma. Nine
patients died after HCT, and 5 of those deaths were not related
to HLH. In addition, 5 patients died at <100 days after HCT,
although there were no deaths or relapses at >264 days after
HCT. It is possible that infectious complications during the
early post-transplant period are related to the immunosup-
pressive nature of HLH-directed treatment before HCT rather
than to toxicity of the conditioning therapy [31]. Uncontrolled
disease at the time of conditioning is also considered a risk fac-
tor for poor post-transplantation outcomes [27]. Moreover, a
multicenter study of 63 adults with refractory HLH revealed
that complete response to salvage treatment was associated
with better survival outcomes after HCT [32]. Thus, effective
disease control before allogeneic HCT, using appropriate sal-
vage treatment for relapsed or refractory HLH, seems to be
essential to improve post-transplant outcomes.

The present study revealed that OS was significantly pre-
dicted by the ferritin level and the number of cytopenia line-
ages at the time of allogeneic HCT. These factors might reflect
the activity of HLH, because ferritin is a well-recognized
marker of disease activity and prognosis in cases of HLH [8,33].
In the pediatric population a highly elevated ferritin level
(�10,000 mg/L) is considered a suitably specific factor for diag-
nosing HLH [34]. Nevertheless, ferritin levels in patients with
HLH can vary according to other factors, such as sepsis, renal
failure, and hepatocellular injury [35]. Thus, pretransplant fer-
ritin levels seem to be associated with disease activity and
other comorbidities at the time of HCT.

EBV is a major cause of infection-related HLH [7,36], and
the present study revealed that 12 of 16 patients had EBV-
associated HLH. However, 2 of 12 patients had undetectable
EBV DNA at the time of HCT, and 5 other patients developed
undetectable EBV DNA levels after HCT. Six of 7 patients with
controlled EBV infection remained alive without relapse, and
only 1 patient died of bleeding complications that were caused
by thrombocytopenia. In contrast, all 5 patients with persis-
tently detectable EBV DNA levels died. These results suggest
that eradication of EBV infection is crucial for post-transplant
survival in cases of EBV-associated HLH. Furthermore, alloge-
neic HCT can control EBV infection by removing the infected
immune cells and reconstituting a normal immune system,
even in patients who had persistent EBV infection after chemo-
immunotherapy.

The present study revealed that the Flu/Mel 100 condition-
ing regimen, which uses a lower dose of melphalan plus fludar-
abine, can ensure adequate engraftment and complete donor
chimerism and appears to be a promising regimen in alloge-
neic HCT for adult HLH. However, strategies are needed to pre-
vent early death and further improve these outcomes.
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