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INTRODUCTION

Langerhans cell histiocytosis (LCH) is a type of rare cancer 
that affects both adults and children. Infants are vulnerable 
to developing high-risk LCH [1]. The mortality rate of high-
risk patients is relatively high, ranging from 10% to 66% [2-5]. 
Langerhans cells are a form of migratory skin dendritic cells that 
process and present antigen materials to the T cells of the immune 
system [6]. LCH patients have over-proliferation of Langerhans-
like cells whose abnormal accumulation can be found in almost 
any of their organs, resulting in typical LCH lesions [7]. The clinical 
manifestations of LCH vary between individuals, from single-organ 
effects, such as a spontaneously healing isolated osteolytic lesion 
or red and scaly papules in skin folds, to life-threatening multiple  

 
organ failure, especially involving spleen and liver lesions [8,9].
Therapy for LCH is chosen depending on the severity of the disease. 
Local treatment with conventional chemotherapy can be applied 
for single-system (SS) LCH, which occurs in most patients [10]. 
However, some patients with multiple-system (MS) dysfunction 
and high-risk patients failed to respond to the initial and secondary 
therapies. Thus, hematopoietic stem cell transplantation (HSCT) 
is considered in several high-risk LCH patients, yielding improved 
outcomes and prognoses [11-14].

Graft-versus-host disease (GvHD) is a major complication 
that appears after allogeneic HSCT. Cyclophosphamide (CTX) is a 
chemotherapy drug that inhibits cell growth and is also commonly 
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used to suppress the immune system and control post-transplant 
alloreactivity [15]. The application of CTX is established in the 
treatments of cancer and autoimmune diseases, and CTX is always 
used in myeloablative conditioning before transplantation, but a 
post-transplant cyclophosphamide (PTCy) regimen has never been 
applied for GvHD prophylaxis in LCH before.

Herein, we report our experience with a 22-month-old high-
risk MS-LCH patient who was successfully treated with allogeneic 
haploid HSCT with CTX for GvHD prophylaxis. This case enriched 
our knowledge of the management of GvHD prophylaxis in LCH 
patients, which has not been considered or reported before.

CASE REPORT

The patient, a 22-month-old Chinese girl, was admitted to the 
Children’s Hospital of Capital Institute of Pediatrics in 2015. Seven 
months before admission, she was administered antibiotics and 
treated with a blood component transfusion. These treatments 
relieved her fever and pancytopenia temporarily, but a recurrent 
fever remained. Examination of marrow cells revealed a significant 
neutrophil left shift, an increased number of cytoplasmic granules, 
failure of normal megakaryocyte production of blood thrombocytes, 
and hemophagocytosis. Four months before visiting our hospital, 
she had polydipsia and polyuria with nocturia.

In our hospital, physical examination revealed several dark 
brown skin eruptions present on her body and lymphadenectasis 
in the neck (1-2cm in diameter). A cardiopulmonary examination 
revealed normal results, but she had hepatosplenomegaly. On MRI 
images, the posterior pituitary gland was absent, and the pituitary 

stalk was interrupted. Bone scintigraphy revealed no abnormal 
reflective lesions. Immunohistochemical staining for Langerin, S100 
and CD1a on a skin biopsy was strongly positive, but the staining 
for Kp-1 and CD163 was negative (Figure 1). BRAF staining showed 
moderate signals, and the Ki-67 signal displayed mild intensity and 
distribution (±10%). A complete blood count showed a normal white 
blood cell count of 11.4×109/L (10-22×109/L) , a hemoglobin level 
of 97 g/L (reference 116-150g/L) and a platelet count of 143×109/L 
(157-371×109/L). The osmotic pressure was 288mOsm/kg water 
(approximately 300mOsm/kg) in blood and 122mOsm/kg water 
(600-1000mOsm/kg) in urine. Her IL-2R level was 4700IU/ml 
(223-710IU/ml) and ferritin level was 29.77ng/ml (35-55ng/ml). 
There were no abnormalities in thyroid gland function or natural 
killer cell activity. No Epstein-Barr virus-DNA or Cytomegalovirus-
DNA was detected. PET-CT revealed several osteolytic lesions 
involving in the right parietal bone, bilateral temporal bones, the 
left acetabulum, and proximal femur (Figure 1). The patient was 
treated with multiple agent chemotherapy according to the JLSG-
96 protocol and DAL HX-83/90 protocol [5,16]. A second-line 
treatment regimen (cladribine and cytarabine) was applied as 
well [17]. However, the disease still developed progressively with 
recurrent fever, pancytopenia, and hepatosplenomegaly. During the 
treatment, the patient was diagnosed with HLH due to persistent 
fever, pancytopenia, hepatosplenomegaly, hypertriglyceridemia 
3.33mmol/L (0-1.69mmol/L), elevated ferritin level >2000ng/
ml (10-120ng/ml) and sCD25 8459-16618pg/ml (<6400pg/ml), 
low natural killer cell activity 10.96% (>=15.1%), based on the 
diagnostic criteria of hemophagocytic lymphohistiocytosis (HLH). 
HLH-94 protocol was also used but failed to improve her symptoms.

Figure 1: The immunohistochemical examination of skin biopsy and PET-CT images. (A) Hematoxylin and eosin 
(H&E) staining on the patient’s skin biopsy (x100). Immunohistochemistry revealed immunohistochemical markers 
including (B) langerin, (C) CD1a and (D) S-100 protein. (E) Bone lesion in the left temporal bone with a high 
metabolic rate. (F) Enlargement of multiple lymph nodes in the bilateral neck with a metabolic focus. (G) Bone 
lesion in the left acetabulum and proximal femur with mild reflex uptake of the edge. (H) Hepatosplenomegaly, 
indicating a high metabolic rate.

Due to the poor outcomes with conventional treatments, 
HSCT was performed as a salvage approach. Her father donated 
his compatible stem cells (blood type B+ for AB+ patient, half-
matched HLA). Before transplantation, busulfan (1.2mg/kg, qid), 
etoposide (300mg/ m2,qd) and fludarabine (40mg/m2, qd) were 
administered from days -8 to -6, days -6 to -4 and days -5 to -2, 
respectively (Figure 2). Bone marrow mononuclear cells (25×108/
kg) and CD34+ cells (14.8×106/kg) were transplanted through a 
peripheral blood infusion (day 0). Anti-thymocyte globulin (2.5mg/
kg, qd) was administered for GvHD prophylaxis on days -6 and -5 
followed by CTX (50mg/kg, qd) administration from days +3 to 
+4. From day +5, mycophenolate mofetil (500mg/m2, bid) and 

tacrolimus (up to 8-10ng/ml, i.v. then p.o.) were administered for 
a month and a year, respectively. After the CTX administration, 
the hepatosplenomegaly was relieved. On days +14 and +28, full 
donor chimerism was present in the patient. However, the number 
of granulocytes remained lower than 0.5×108/kg, and the platelet 
engraftment failed. This was considered a primary implantation 
dysfunction combined with cytomegaloviremia. On days +95 
and +112, invasive ventilator-assisted ventilation therapy was 
employed to relieve pneumonia with pulmonary hemorrhage and 
respiratory failure. Purified CD34+ cells were again infused into 
the patient on day +119. Eleven days after the infusion (day +130), 
platelet engraftment was achieved. The 20ml/kg transfusions of 
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platelets and red blood cells (20ml/kg, up to 200ml, every 4 or 5 
days) were ceased. After allo-HSCT, the LCH and secondary HLH 

have been cured for three years. To date, the patient’s diabetes 
insipidus has improved but is still under treatment.

Figure 2: Medication administration and cell counts of the patient during transplantation. Busulfan (Bu, 1.2mg/kg, 
qid), etoposide (VP-16, 300mg/m2, qd) and fludarabine (Flu, 40mg/m2, qd) administration generated a reduced-
intensity condition for allo-HSCT. Bone marrow mononuclear cells (BM, 25×108/kg) and CD34+ cells (14.8×106/
kg) were transplanted through peripheral blood infusion. Anti-thymocyte globulin (ATG, 2.5mg/kg, qd) and 
cyclophosphamide (CTX, 50mg/kg, qd) were given for GvHD prophylaxis. Tacrolimus (FK506, up to 8-10ng/ml, i.v. 
then p.o.) and mycophenolate mofetil (MMF, 500mg/m2, bid) were also administered every day from day +5. 
Invasive ventilator-assisted ventilation therapy was employed on days +95 and +112. CD34+ cells were infused to 
the patient on day +119.

DISCUSSION 

As a salvage strategy for refractory patients, HSCT is a well-
established technique; however, the regimens of conditioning and 
GvHD prophylaxis are still controversial. To date, the high-risk 
of transplant-associated mortality attributed to high-intensity 
chemotherapy before transplantation has limited the wide 
application of these techniques in LCH patients [8,18]. Cooper 
has also stated that conventional myeloablation is not critical for 
LCH treatment and recommended reduced-intensity conditioning 
(RIC)-HSCT in patients with not only high-risk refractory LCH 
but also standard-risk LCH [19]. RIC-HSCT offers an alternative 
promising curative treatment with well-tolerated, decreased 
transplant-related mortality in LCH patients with a poor prognosis, 
even though a high-risk of relapse after RIC has been suggested 
[8,19-21]. Authors of previous research have also hypothesized the 
better overall survival rate might be attributed to better supportive 
care rather than to the increased use of a RIC regimen [21], but a 
RIC regimen indeed become more prevalent before transplantation.

Moreover, GvHD prophylaxis was a more critical procedure 
in our case because severe GvHD might have developed when the 
patient was treated by HLA half-matched HSCT and resulted in a 
poor outcome. High-dose post-transplant cyclophosphamide can 
selectively inactivate activated T cells. Hematopoietic stem cells are 
protected from large amounts of aldehyde dehydrogenase while 
retaining donor lymphocytes required for immune reconstitution 
and significantly reducing the incidence of GvHD [15,22-24]. 
Currently, the administration of CTX for GvHD prophylaxis 
performed well after half-matched transplantations in benign 
and malignant diseases but LCH [25,26]. Successful cures of 
refractory LCH with HSCT were usually followed by treatment 
with cyclosporine A (CyA) alone or CyA with methotrexate and 
daclizumab for GvHD prophylaxis [11-13,27,28]. Nevertheless, we 
reported a successful case in which a patient with refractory LCH 
was protected from GvHD by a PTCy regimen.

In our patient, since HSCT was employed in an active stage 

of the disease, with recurrent fever, hypercytokinemia and 
hepatosplenomegaly, the maximal suppression of the immune 
system was necessary during transplantation to mediate immune 
dysfunction. CTX, as a chemotherapeutic agent, could alleviate 
the fever and make the spleen retract during the conventional 
treatment, suggesting that it could successfully suppress the 
overactivated immune system. Therefore, this case suggests that 
the PTCy regimen might be more suitable for patients with an 
overactivated immune system.

CONCLUSION

This article reported the first successful use of PTCy for GvHD 
prophylaxis after RIC allogeneic haploidentical HSCT in a high-risk 
MS-LCH girl with secondary HLH and central diabetes insipidus. 
Although it is successful, this is the only one clinical case for now and 
we do not recommend it to be used as a safe treatment. However, the 
treatment indeed has the potentials to be an alternative treatment 
if the ultimate effectiveness of RIC-HSCT with PTCy regimen against 
refractory LCH can be determined with more cases. 
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