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Abstract

GS2 is a rare autosomal recessive disease characterized by hypopigmentation, variable
immunodeficiency with HLH. HSCT is the only curative treatment for GS2. We
analyzed the outcome of 10 children with GS2 who underwent HSCT at our center
between October 1997 and September 2013. The median age of the patients at trans-
plant was 13.5 months (range, 6-58 months). All of the patients developed HLH before
HSCT and received HLH 94 or HLH 2004 protocols. Donors were HLA-identical rela-
tives in 8 patients, HLA-mismatched relatives in 2 patients. Engraftment was achieved
in all except one patient. None of the patients developed acute GVHD. Chronic GVHD
occurred in one and veno-occlusive disease occurred in four patients. Eight of the
patients are under remission without any neurologic sequelae—median time of
disease-free survival is 92.4 months. The present study shows successful transplant
outcome without long-term neurologic sequelae in patients with GS2 who underwent
HSCT from HLA-related donors.

KEYWORDS

1 | INTRODUCTION

GS2 is characterized by defective exocytosis of cytotoxic granules
from T and natural killer cells leading to HLH in patients with GS2
which is known as “accelerated phase”! Mutations in the gene en-
coding the small GTPase Rab27a lead to GS2.2 Immune defects, such
as hypogammaglobulinemia, defect in natural killer cell and T helper
activity, diminished delayed-type skin hypersensitivity, and phago-
cytic defects are reported to be associated with GS2.% In the first few
years of life, HLH in these patients can be triggered by infections.*
The prognosis is very poor unless early allogeneic HSCT is carried out,
preferably before the development of the accelerated phase.5 To date,

only a few cases series of allogeneic HSCT in patients with GS2 have

Abbreviations: ATG, antithymocyte globulin; CC, complete chimerism; CR, complete remis-
sion; CsA, cyclosporine A; DFS, disease-free survival; EBV, Ebstein Barr virus; GS2, Griscelli
syndrome type 2; GVHD, graft-versus-host disease; HLA, human leukocyte antigen; HLH,
hemophagocytic lymphobhistiocytosis; HSCT, hematopoietic stem cell transplantation; IVIG,
intravenous immunoglobulin; OS, overall survival; PR, partial remission; VOD, veno-occlusive
disease prophylaxis.

Griscelli syndrome, hemophagocytic lymphohistiocytosis, transplantation

been reported.”” The present study aimed to analyze the results of
HSCT including survival rate, transplant complications, and neurologic

outcome, performed in 10 patients with GS2 in a single center.

2 | PATIENTS AND METHODS

2.1 | Patients

Pretransplant features of the patients are shown in Table 1. GS2 was
diagnosed with history, typical phenotypic features, microscopic ex-
amination of hair shafts, mutational analysis in the gene encoding
small GTPase Rab27a and by development of HLH. Three patients
had a sibling with GS2. History of parental consanguinity was pre-
sent in eight patients. All patients were diagnosed during “accelerated
phase,” fulfilling at least five of the Histiocyte Society’s criteria.”>®
Central nervous system involvement was evaluated by cerebrospinal
fluid analysis and/or cranial imaging. The procedures applied in this

study are in accordance with Helsinki Declaration of 1975.
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TABLE 1 Pretransplant characteristics of patients

Age at diagnosis, Disease status at

Patient mo Sex Prior HLH Neurologic findings Prior therapy transplantation

1 46 Female Yes Strabismus, dysarthria, HLH-1994 PR (HSMG)

ataxia

2 2 Female Yes Convulsion HLH-1994 NR

3 3 Male Yes - HLH-1994 CR

4 3 Male Yes = HLH-1994 PR (HMG)

5 8 Male Yes - HLH-1994 CR

6 24 Female Yes = HLH-2004 CR

7 4 Female Yes - HLH-2004 PR (HSM, hyperferritinemia)

8 6 Female Yes Convulsion HLH-2004 PR (SMG)

9 5 Male Yes - HLH-2004 PR (HSMG)
10 2 Male Yes - HLH-2004 PR (hyperlipidemia)

HLH, hemophagocytic lymphohistiocytosis; mo, months; PR, partial remission; HSMG, hepatosplenomegaly; NR, non-remission; CR, complete remission;

HMG, hepatomegaly; SMG, splenomegaly.

2.2 | Donor characteristics and source of stem cells

The donors were HLA-identical sibling in six patients, HLA-identical
father in two patients, HLA 1 antigen-mismatched mother in one pa-
tient, and HLA 1 antigen-mismatched other relative in one patient.
The same donor was used in patient 2 for second and third transplan-
tations. Bone marrow was used as the source of stem cells in seven
patients, peripheral blood cells in two patients, and bone marrow and
cord blood in one patient (Table 2). CD34 + selection or T-cell deple-

tion was not performed in any patient.

2.3 | Conditioning regimen and graft-versus-host
disease prophylaxis

Eight patients received conditioning regimen including busulfan
(3.2-4 mg/kg/d intravenously or 4 mg/kg/d orally for 4 days) + cy-
clophosphamide (50 mg/kg/d for 4 days) + antithymocyte globulin
(ATG Fresenius 10 mg/kg/d for 3 or 4 days)/etoposide (900 mg/m?),
and two patients were given conditioning regimen including busulfan
(4.8 mg/kg/d-5.1 mg/kg/d for 4 days) and fludarabine (40 mg/m?/d
for 4 days). ATG was used as a part of conditioning regimen in the first
six patients who underwent HSCT and was not used in the recently
transplanted patients. Patient 2 underwent second and third trans-
plantations with non-myeloablative conditioning regimens. Busulfan,
cyclophosphamide, and etoposide were used as the conditioning regi-
men in the second transplantation; cyclophosphamide and etoposide
were used in the third transplantation. CsA and short-term metho-

trexate were used as GVHD prophylaxis in all patients.

2.4 | Supportive treatment

All patients were hospitalized in single hepafiltered rooms until dis-
charge. Acyclovir was given for herpes simplex virus and varicella-

zoster virus prophylaxis, fluconazole for fungal infection, and

trimethoprim-sulfamethoxazole for pneumocystis jiroveci infection
prophylaxis. Broad-spectrum antibiotic coverage was initiated with
the first evidence of fever (axillary temperature max = 38°C). IVIG was
administered weekly at a dose of 400 mg/kg from the beginning of
the conditioning regimen to discharge and then IVIG implementation
was made according to serum IgG levels. Intravenous glutamine, low
molecular weight heparin, ursodeoxycholic acid, and vitamin E were
given for VOD. Defibrotide was also used for VOD prophylaxis in pa-

tients 9 and 10 who were recently transplanted.

2.5 | Definitions

OS was defined as survival from first HSCT to last follow-up or
death.®2 DFS was defined as the time from transplantation to first
event (either relapse or death in complete remission).” Primary graft
failure defined as neutrophil never reaching 0.5 x 10°/L or evidence
of autologous reconstitution.'® Day of neutrophil engraftment was
defined as the first of three consecutive days in which the peripheral
absolute neutrophil count was > 0.5 x 10%/L. The presence of >95%
of donor-derived cells was defined as CC, while the presence of >5%
of host-derived cells was considered as mixed chimerism.'! Graft loss
was defined by documentation of <5% donor-derived engraftment.°
Patients who achieved engraftment and survived for more than 14
and 100 days post-transplantation were evaluated for acute and
chronic GVHD, respectively. Conditioning regimens were categorized
into myeloablative and non-myeloablative based on the American
Society of Blood and Marrow Transplantation definitions.*? Presence
of acute and chronic GVHD was determined according to the Seattle
criteria.’®'* Acute GVHD was scored from day +1 and counted only
for grades >2. Diagnosis of hepatic VOD was made according to
the Seattle criteria.’®> CR before HSCT was defined by the complete
disappearance of the clinical and biological criteria of HLH, and PR
was defined as a significant improvement but with persistent clinical

and/or biological manifestations according to the HLH 1994 criteria
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in the first five patients and according to the HLH 2004 criteria in the

other five patients.***”

2.6 | Statistical analysis

Statistical analysis was performed using SPSS software, version 15.0.
Descriptive statistics were generated as medians and ranges for con-
tinuous variables and proportions for categorical variables. The prob-

ability of overall survival was calculated using Kaplan-Meier analysis.

3 | RESULTS

Ten patients with GS2 underwent HSCT between October 1997 and
September 2013 at our center (Table 1). The median age of the pa-
tients at transplant was 13.5 months (range, 6-58 months). Patient 2
underwent additional second and third transplantations due to pri-
mary graft failure. The median age of the patients at diagnosis was
6 months (range, 2-46 months). The median interval between diagno-
sis and HSCT was 6 months (2-34 months). HLH 94 protocol was used
for the first five patients and HLH 2004 protocol was used for the
other five patients. Complete remission was achieved in three patients
and partial remission in six patients before HSCT. One patient (patient
2) had active disease at the time of HSCT (Table 1). Three patients
(patient 1, patient 2, and patient 8) had neurologic involvement before
HSCT. Two of them had convulsion and one had convulsion, strabis-

mus, dysarthria, and ataxia.

3.1 | Engraftment

Neutrophil engraftment was obtained in all except one patient. The
median time to neutrophil recovery was 13 days (range, 10-15 days).
Patient 2 underwent second and third transplantations due to primary
graft failure, but engraftment was not achieved after these transplanta-
tions. Patient 6 had 96% donor chimerism at day +20; however, donor
chimerism gradually decreased in this patient (43% at +3 months, 38%
at +6 months, 27% at +9 months, 15% at +15 months) resulting in
graft loss. This patient survived without disease relapse for 99 months
after transplant. Patient 7 who had full donor chimerism at +3 weeks
after transplantation developed mixed chimerism during follow-up.
This patient had 70% donor chimerism at last visit. All other surviving
patients have full donor chimerism.

3.2 | Acute and chronic GVHD

Nine of the 10 patients were evaluated for acute GVHD. Patient 2, who
had graft failure, was not evaluated for acute GVHD. Acute GVHD was
not observed in the remaining nine patients. Eight patients who had
engraftment and survived more than 100 days after transplantation
were assessed for chronic GVHD. Only one of these patients (patient
8) developed chronic GVHD with myasthenic symptoms including fa-
tigue, difficulty in speech, bilateral ptosis, and dyspnea necessitating
mechanical ventilation and treated with multiple immune-suppressive

drugs and pyridostigmine. The patient recovered completely and did

not experience any myasthenic symptom afterward.

3.3 | Other complications

VOD was observed in four patients and was the cause of death in
patient 3. VOD resolved in the remaining three patients. Grade 3-4
mucositis developed in seven patients. Two patients developed sep-
sis, two had pulmonary infection, and one developed atelectasis.
Partial convulsion was observed in patient 8 on day +6. The cra-
nial magnetic resonance imaging was normal except for decreased
cerebral volume. Blood cyclosporine level was between 150 and
200 ng/ml which coincides with the targeted values. Electrolyte im-
balance was not observed in this patient. An epileptic focus was not
detected by electroencephalography. After switching CsA to tacroli-
mus, no convulsion was observed in this patient. No neurologic se-
quela was observed after HSCT in three patients who had neurologic
findings before HSCT. Patient 1 developed melanotic skin lesions
2 years after HSCT. The lesions were removed surgically and the diag-
nosis of in situ melanoma was made histopathologically. Currently, the

patient is well and is being followed up closely.

3.4 | Survival

Patient 2 died due to graft failure and infection on day +88. Patient 3
developed VOD, consequently developed hepatic coma, and died on
day +29. The remaining 8 patients are alive without disease activation
(median 92.4 months, range 33-224 months).

4 | DISCUSSION

HSCT is the only effective treatment in GS2. Most of the data about
HSCT in GS2 in the literature are as case reports.“”22 Three case se-
ries are reported to date, the largest involving 11 patients.”” In our
study, we analyzed the results of HSCT in 10 GS2 patients. In the
series reported by Pachlopnik Schimid et al,® seven of 10 patients had
recovered (mean follow-up period 5.2 years). Three patients had died
within 110 days after HSCT. Deaths were caused by EBV-related lym-
phoproliferative disease in one patient and respiratory distress syn-
drome in two patients in that series.® In another study including 11
patients, all except one were reported to survive.” Median follow-up
period was 57.6 months in this study mentioned above.® In a smaller
series of five patients who underwent HSCT with reduced intensity
regimen, four were reported to be alive at the end of a median follow-
up period of 19 months.” One patient who was at the accelerated
phase at the time of HSCT was reported to relapse after 3 months,
and died of sepsis and intracranial hemorrhage.7 In our study, survival
rate was found as 80% (8/10) and all patients achieved DFS. Several
studies have documented the outcome of HSCT with myeloablative
regimens in other HLH groups with overall long-term survival ranging
from 45% to 65%.11:23-26 Cooper et al?’ reported an improved sur-
vival rate with non-myeloablative conditioning (75%) in a group of 12
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patients with familial HLH, X-linked lymphoproliferative P disease, and
Chediak-Higashi syndrome. Optimal conditioning regimen for HSCT

in primary immunodeficiency has yet to be defined.?®

Myeloablative
regimen has a higher rate of toxicity and long-term complications in-
cluding infertility and secondary malignancies.?”*° Non-myeloablative
conditioning regimen might be a reasonable option for most patients
due to significant pretransplant morbidity.332 However, there is also
a higher risk of mixed donor chimerism as well as a high rate of viral
reactivation as part of non-myeloablative conditioning regimen.28

Graft failure in HSCT in patients with active HLH was previously
reported in the literature.3*3* Primary graft failure was observed in
one patient in our study. This patient was in the active phase of dis-
ease at the time of HSCT. This patient underwent second and third
HSCTs due to graft failure, however died on day +88 because of in-
fection and graft failure. Cytokines secreted during active phase of
the disease were shown to inhibit hematopoiesis in murine models
which probably explains the cause of graft failure.> Therefore, for a
successful result, HSCT should be made during remission of primary
disease if possible.

VOD is a potentially mortal complication of HSCT with a reported
incidence ranging from 5% to 60%.%¢ This variation is related to the
intensity of conditioning regimen, type of transplant (higher with al-
logeneic when compared to autologous HSCT), and presence of other
risk factors as well as the variation in the clinical criteria used to de-
fine VOD. In the pediatric setting, the risk of VOD is higher in some
diseases including HLH and in younger patients under 1-2 years of
age.37'40 In our series, all patients received a myeloablative regimen
and all except two were under the age of 2 at the time of HSCT. In
the study by Pachlopnik Schimid et al, ® five of ten patients with GS2
were reported to develop VOD. In our series, four of ten patients de-
veloped VOD and one of them died of this complication. Several drugs
have been used in the pharmacological prevention of VOD including
ursodeoxycholic acid, vitamin E, low molecular weight heparin, and di-
peptiven.3“"'41 However, the success of these prophylactic agents was
suboptimal. Some recent studies have shown that defibrotide is an
effective agent in the prophylaxis of VOD in HSCT patients.*?*% We
used defibrotide in the last two patients and one of them developed
mild VOD.

Although full donor chimerism was observed immediately after
transplantation in patient 7, mixed chimerism developed in time
(70% donor profile in the latest follow-up visit); nevertheless, DFS
was achieved. In patient 6, full donor chimerism was observed at day
+21; however, donor chimerism gradually decreased and eventually
resulted in graft loss. However, disease relapse is not observed in this
patient during follow-up. Remission of GS2 after HSCT even with low-
level donor chimerism is reported in the literature.** A recent study
showed that a donor chimerism of 20%-30% is enough to protect
against HLH recurrence. The authors of this article emphasize the key
role of T cells in HLH pathogenesis and suggest separate analysis of
CD 3+ lymphocytes.*> The rate of CD3 + cell engraftment may be
higher in our patient; however, T-cell engraftment was not studied.

Although myeloablative conditioning regimens, which are a
risk factor for acute GVHD,* were used in our series, no patients

WILEY->7

developed acute GVHD. In the series by Pachlopnik Schimid et al,®
seven of ten patients with GS2 were reported to develop acute
GVHD. In this study, only 3 donors were HLA-identical siblings. On
the other hand, Al-Ahmari et al® reported only 3 patients with grade
I-1l acute GVHD in their series of eleven patients; 8 of the donors were
HLA-identical siblings in this series. HLA incompatibility between pa-
tient and donor is the major risk factor for acute GVHD. In addition,
GVHD risk is higher in unrelated donors when compared to related
donors.***” In our series, eight patients had full-matched related do-
nors and two had one mismatched related donors. Using peripheral
blood as a stem cell source instead of bone marrow in HSCT is another
factor associated with a higher incidence of severe acute GVHD.*¢48
In 8 of 10 transplantations, bone marrow is used as a stem cell source.
One of our patients developed chronic GVHD manifesting as a very
rare clinical situation: myasthenia gravis. This case was previously re-
ported in the literature.*?

The frequency of neurologic involvement in HLH varies in the lit-
erature. In the series by Pachlopnik Schimid et al,® neurologic involve-
ment was reported in seven of 10 patients prior to HSCT. Three of
them died. In that study, neurologic symptoms were reported to have
resolved with HSCT in two patients and have persisted after HSCT
in two.® Al-Ahmari et al® reported neurologic involvement in seven of
11 patients prior to HSCT. In this series, neurologic problems were
observed in three patients after HSCT. In the case series involving five
patients who underwent HSCT for GS2, none of the patients were
reported to have neurologic involvement prior to transplantation.” In
our study, three patients had neurologic findings prior to HSCT. One
of our patients (patient 8) had a neurologic complication presenting
as convulsions after HSCT. This may be related either to CsA toxic-
ity or to the underlying primary disease of the patient.>®*>° No other
neurologic complications were observed after HSCT and neurologic
findings in the patients with known prior neurologic involvement did
not progress either.

In the long-term follow-up of the patients, patient 1 developed
in situ melanoma 2 years after HSCT, which was successfully treated
with surgical excision. This case was previously reported.>! Following
HSCT, an increased risk of secondary malignancies including skin can-
cer is well known. Data about skin cancer following HSCT are mostly
derived from case reports, but five large studies have reported an in-
creased incidence of melanoma after allogeneic HSCT compared with
the general population.®?>3

In conclusion, in this single-center study from Turkey, long-
term survival was achieved in eight of ten patients who underwent
HSCT for GS 2. None of our patients developed acute GVHD. HLA-
matched sibling or family donors reduce the incidence of acute
GVHD. No permanent neurologic disease was observed in our pa-
tients. According to results of the present study, we can conclude
that HSCT had no effect on neurologic symptoms of GS2. Mixed
chimerism may be sufficient for preventing HLH in these patients.
Interestingly, one patient who had graft loss after HSCT is still being
followed up without disease relapse. We suggest performing HSCT
while the primary disease is in remission in order to achieve a suc-

cessful engraftment.
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