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Abstract
Introduction: We analysed the clinical course of classical histiocytosis (LCH) in children, and the clinical differences, 
diagnostic difficulties and different therapeutic strategy in a child with a rare variant of LCH in the form of Erdheim-
Chester disease (ECD).
Material and methods: We conducted a retrospective single-center analysis of the clinical course of classic LCH in 54 
children who were diagnosed with the disease over the last 40 years, and the differences shown in a patient with diag-
nosed ECD. The clinical response was assessed according to the LCH programs valid at the time for the classic form of 
LCH and in the child with ECD.
Results: The multi-system form of LCH was diagnosed more often than the single-system form. The skull bones were 
the most common localization of LCH in both forms of the disease. Recurrence of the disease occurred in about 5% of 
patients, and death in one (1.9%) patient. The course of the child with ECD was more turbulent, with rapid progression, 
the involvement of critical organs, and no response to standard chemotherapy according to the LCH 2009 protocol. After 
a molecular diagnosis was specified, therapy with vemurafenib, a BRAF-V600E kinase inhibitor, followed by allogeneic 
hematopoietic stem cells transplantation (allo-HSCT) was applied. The basic disease has been in remission for the last 
12 months.
Conclusions: The lack of an expected response to LCH therapy should indicate the possibility of rare forms of histiocytic 
hyperplasia. Molecular tests are an important element in the diagnosis of histiocytosis, and allow the precise selection 
of the most appropriate, targeted therapy. BRAF-V600E kinase inhibitors are highly safe and effective in the treatment 
of LCH and ECD with a confirmed BRAF-V600E mutation, although allo-HSCT should be considered in selected cases.
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Introduction

Langerhans cell histiocytosis (LCH) is a very rare disease, 
with a frequency of 0.1–1 new case per 100,000 children 
per year. Most often it is diagnosed up to the age of 6 [1]. 
LCH is a heterogeneous group of diseases characterized 

by uncontrolled growth, proliferation and differentiation of 
cells of the mononuclear-phagocytic system. It belongs to 
the family of clonal proliferative diseases, and lies on the 
border with neoplastic diseases. At the root of LCH are dis-
turbances in the mitogen-activated kinase (MAPK) pathway. 
Their occurrence is associated with a more serious course 
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and a higher probability of progression and recurrence. 
One of the rare forms of histiocytic hyperplasia in children 
is Erdheim-Chester disease (ECD). ECD’s pathogenesis is 
related to the BRAF-V600 mutation [1, 2].

Histiocytosis can affect any organ or system, with the 
occurrence of permanent complications in 20–30% of pa-
tients, including death. The skeletal system (80%), skin 
(33%) and then the pituitary gland (25%) are most often in-
volved. The disease is also localized in parenchymal organs: 
liver, spleen, hematopoietic system and lungs (15% each), 
lymph nodes (5–10%) and the central nervous system ex-
cluding the pituitary gland (2–4%). The clinical course var-
ies from self-limited to rapidly progressive, leading to death.

Treatment varies according to the severity of the dis-
ease. The response to first-line treatment is important prog-
nostic information, and helps in the selection of a further 
therapeutic strategy, often based on genetic tests, allowing 
for the selection of the most effective therapy [3–6]. The 
number of randomized clinical trials is limited in the liter-
ature, and many aspects of management of this condition 
remain controversial.

The current diagnostic procedure in pediatric LCH has 
been developed by the Histiocytic Society and also based 
on evidence-based-medicine papers, published between 
2009 and 2020 [4, 7, 8]. In the diagnosis of histiocytosis, 
a histopathological examination with immunophenotyping 
is decisive and differentiating. The current guidelines sug-
gest mandatory genetic testing to detect mutations in the 
MAPK pathway, especially the mutation identifying BRAF. 
Clinical and laboratory data allows the patient to be clas-
sified as either single system or multi system, as well as to 
determine the involvement of critical organs. Basic tests 
include blood tests (hematological, biochemical, liver and 
kidney function, coagulation parameters and lipid profile), 
urine tests, and imaging tests (lung X-ray, abdominal ul-
trasound). Scintigraphy of the skeletal system, as well as 
positron emission tomography with computed tomography 
(PET-CT) in patients with indications for systemic treatment, 
is very important. Such meticulous diagnostics allows all 
affected organs to be identified and facilitates monitoring 
of the response to treatment. The study designs in LCH 
patients have been presented many times and are consis-
tent in different countries, according to different working 
groups [4–6].

LCH in the past, the mysterious histiocytosis X, still 
eludes exhaustive classification. The most recent classi-
fication divides disorders in the histiocytosis group into 
five groups (Tables I and II): LCH, ECD, indeterminate cell 
histiocytosis (ICH), extra-cutaneous JXG, as well as mixed 
forms of LCH and ECD belonging to the group L histiocyto-
sis [3, 4, 9, 10].

Erdheim-Chester disease is a rare non-Langerhans 
cell histiocytosis (non-LCH), first described as a “lipid 
granulomatosis” by Jakob Erdheim and William Chester in 

1930 [11]. So far, about 1,500 cases of ECD have been 
reported worldwide, but only 11 in children [12]. The age 
at onset of the disease is 43–55 years, and it is more com-
mon in men [13–16]. Average survival time in adults is  
c. 32 months [17]. ECD is a multi-system clonal hematopoi-
etic disease which comprises the infiltration of tissues by 
histiocytes taking on the characteristic appearance of foam 
cells [18–20]. Somatic genetic mutations are responsible 
for clonal growth of the bone marrow, as a result of which 
the MAPK pathways are activated in the inflammatory envi-
ronment [7, 19]. The most common mutation in the MAPK 
pathway in ECD is the BRAF-V600E mutation (60–100% of 
patients) [13, 16, 20–22]. Other mutations are PIK3CA in 
11% and NRAS in 4% of patients [23]. A strong systemic 
inflammatory reaction is associated with the activation of 
the Th1-dependent response, resulting in the production 

Table I. Classification of histiocytoses (source [9])

Histiocytosis 
group

Diseases

L LCH

Indeterminate-cell histiocytosis (ICH)

Erdheim-Chester disease (ECD)

Mixed LCH/ECD

C Cutaneous non-LCH

Xanthomatous granuloma (XG) family: JXG, 
AXG, SRH, BCH, GEH, PNH

Non-XG family: cutaneous RDD, NXG, other

Cutaneous non-LCH with a major systemic 
component

XG family: XD

Non-XG family: MRH

R Familial RDD

Sporadic RDD

Classical RDD

Extranodal RDD

RDD with neoplasia or immune disease

Unclassified

M Primary malignant histiocytoses

Secondary malignant histiocytoses

H Primary HLH: monogenic inherited conditions 
leading to HLH

Secondary HLH (non-Mendelian HLH)

HLH of unknown or uncertain origin
LCH — Langerhans cell histiocytosis; JXG — juvenile xanthogranuloma; AXG — adult xanthogranulo-
ma; SRH — solitary reticulohistiocytoma; BCH — benign cephalic histiocytosis; GEH — generalized 
eruptive histiocytosis; PNH — progressive nodular histiocytosis; RDD — Rosai-Dorfman disease; 
NXG — necrobiotic xanthogranuloma; XD — xanthoma disseminatum; MRH — multicentric reticu-
lohistiocytosis
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of the cytokines interferon (IFN) alpha, interleukin (IL) 1/ 
/IL-1 receptor antagonist IL-1-RA, IL-6, IL-12 and monocyte 
chemoattractant protein 1 (MCP-1) [7, 19].

In a typical histopathological presentation, in addition to 
foam histiocytes, giant Tauton cells and stromal fibrosis are 
common. In immunohistochemistry, histiocytes show pos-
itive reactions for CD68, CD163 and factor XIIIa, negative 
for CD1a and langerin. Most commonly, the S100 protein 
is not detected. Unlike ECD, histiocytic cells in LCH have 
the phenotype of CD1a+, S100+ and Langerin+ [15, 19, 
20]. Histopathological and immunohistochemical images 
in ECD and in juvenile xanthogranuloma (JXG) are almost 
the same, and therefore it is believed that ECD is a variant 
of JXG but without dominant skin involvement [20]. In the 
course of ECD, any organ may be involved, most often the 
long bones (in 80–90% of patients), the retroperitoneal 
space within the kidneys (60%), the cardiovascular system 
(50%+), the central nervous system (40–50%), the lungs 
(15–33%), and less commonly the skin, lymph nodes, liv-
er, and spleen [1, 5, 12, 23–28]. The multi-organ form of 
ECD consists of skeletal failure, with the most common 
symmetrical bilateral osteosclerotic changes in the long 
bones around the knee joints.

Bone pain occurs in 39% of patients, and is localized in 
the distal sections of the lower limbs [28]. In children, the 
involvement of the skull, mandible, ribs and spine bones 
is more common [2]. In the multi-system form, the next af-
fected organ is the kidneys, giving the typical image of infil-
trates in computed tomography, the so-called ‘hairy kidney’. 
Cardiovascular symptoms in ECD may include a pseudo-tu-
mor in the right atrium, changes in the coronary arteries, 
and pericarditis. Lung involvement is frequent, with cellular 

infiltration and thickening of the alveoli with pleural effu-
sion. Swelling of the optic nerve and the presence of ret-
robulbar masses can cause exophthalmos and impaired 
motor function, as well as fibrotic changes along the op-
tic nerve, extending up to the hypothalamus and pituitary 
gland, with the possibility of diabetes insipidus. Yellow tufts 
(xanthelasma), as well as yellow or red-brown foci, may ap-
pear on the skin [11, 16, 20, 25, 27, 29].

The first ECD therapies were based on chemotherapy 
(vinblastine, cyclophosphamide, anthracyclines), radiother-
apy, steroid therapy, interferon alpha, and anti-cytokine 
drugs (anakinra, infliximab and tocilizumab), and showed 
improvement in only 50% of patients [11, 12, 16]. The dis-
covery and frequent occurrence of the BRAF-V600E muta-
tion in ECD revolutionized the understanding of the patho-
genesis of the disease and led to research focused on ap-
propriate therapies showing high efficacy [15, 30]. In 2012, 
the BRAF and extracellular-signal regulated kinase (MEK) 
inhibitors, vemurafenib and cobimetinib, respectively, were 
introduced to the treatment of ECD, and in 2017 the US 
Food and Drug Administration (FDA) approved vemurafenib 
for the treatment of BRAF+ ECD [11]. Anti-BRAF thera-
py (vemurafenib) is currently recommended at diagnosis 
in all BRAF+ patients, except for asymptomatic patients  
[7, 19, 20] (Figure 1). BRAF and MEK inhibitors are believed 
to be effective and safe drugs in life-threatening forms of 
ECD [3, 4, 5, 9]. The prognosis for ECD is generally good, 
but there are cases where second-line treatment and he-
matopoietic cell transplantation are required.

Due to the rarity of LCH, each initiation of therapy re-
quires verification not only of the current literature but also 
of the available pharmacotherapy, in both registration and 
off-label modes. In the absence of clearly defined man-
agement protocols, it is also necessary to perform a retro-
spective evaluation of the effectiveness and safety of the 
applied therapy in previously treated patients.

The aim of our study was to analyze the clinical course 
and treatment effects of classic LCH, diagnosed in chil-
dren over the last 40 years at our Clinic, and to analyze 
the course and treatment of ECD in a 3-year-old girl with 
a critical analysis of the similarities and differences in both 
forms of histiocytic hyperplasia.

Material and methods

Our study consisted of two parts. Firstly, we looked at the 
epidemiology and treatment outcomes of LCH in children 
in a 40-year (1980–2020) single center study. Medical re-
cords concerning hospitalization and outpatient treatment 
of patients were assessed. Due to the limited access to 
historical documentation, it was possible to obtain only 
some clinical data. Secondly, we assessed the diagnostic 
process in a patient with atypical symptoms and initial 
lack of response to treatment according to the classic LCH 

Table II. Proposed new classification of histiocytosis group L 
(acc. to [10])

1. Langerhans cell histiocytosis (LCH)

LCH SS

LCH lung+

LCH MS-RO+

LCH MS-RO

Associated with other myelo-/lymphoproliferative diseases

2. Intermediate cell histiocytosis (ICH)

3. Erdheim-Chester disease (ECD)

ECD — classical type

ECD without bone involvement

Associated with other myelo-/lymphoproliferative diseases

4. Extracutaneous and disseminated juvenile xanthogranu-
lomatosis (JXG) with activating MAP kinase mutation or ALK 
translocation

5. Mixed form ECD and LCH
SS — single organ; MS — mixed systems; RO — risk organ
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treatment protocol, the importance of molecular tests for 
correct diagnosis, and the effects of targeted treatment 
with the subsequent option of hematopoietic cell trans-
plantation.

Results

Epidemiology, clinical manifestation  
and results of LCH treatment in children 
1980–2020
Between 1980 and 2020, 1,785 children were diagnosed 
and treated at the Department of Pediatrics, Hematology 
and Oncology, Nicolaus Copernicus University in Toruń, Byd-
goszcz, Poland. The number of patients with hematological 
malignancies (acute lymphoblastic leukemia (ALL), acute 
myeloblastic leukemia (AML), myelodysplastic syndrome 
(MDS), chronic myeloid leukemia (CML), non-Hodgkin 
lymphoma (NHL), Hodgkin lymphoma (HL), and LCH was 
1,069 (59.9%), including 54 with LCH, which accounts for 
3.0% of all malignant neoplasms and 5.1% of all hemato-
logical tumors.

In the studied group of children, the multi-system form 
was observed more often (in 54%, see Table III). The domi-
nant clinical manifestations of LCH in any form were bone 
lesions located in the bones of the skull in several patients 
with intracranial penetration and infiltration of the dura 
mater. Bone lesions also occurred in the eye socket, in the 
mastoid process, in the ribs, in the mandible, in the long 
bones, and in one patient in the vertebrae of the thoracic 
spine and the pubic bone. The next most frequently affect-
ed organ was the skin. In the multi-system form, changes in 

the skeletal system, lungs, liver, spleen, peripheral lymph 
nodes and pancreas were simultaneously observed. Recur-
rence of the disease occurred in a total of three patients 
(5.5%). One patient died (1.85%).

The treatment was applied in accordance with the rec-
ommendations in force at the time. In recent years, the 
treatment was implemented according to the Langerhans 
Cell Histiocytosis 2009 protocol, Histiocyte Society Evalu-
ation and Treatment Guidelines MS-LCH.

In 1/54 patients with primary diagnosed multiorgan 
LCH, the course was atypical, with no involvement of the 
skeletal system, but with involvement of the critical or-
gans: liver, spleen and bone marrow. No improvement was 
achieved after the treatment according to LCH 2009. Due 
to the disease progression, the diagnostics was extended 
and a molecular test was performed. The obtained results 
made it possible to verify the diagnosis at ECD and to im-
plement targeted and effective therapy.

Erdheim-Chester disease: analysis  
of diagnostic and therapeutic process
A 3-years-old girl with an unburdened perinatal history, 
and with a family history of sarcoidosis in the father and 
inhaled allergy in the mother, was admitted to our depart-
ment. By the age of 2.5 years, she had been diagnosed 
with recurrent abdominal pain and diarrhea. Primary 
malabsorption syndrome and inflammatory disease of 
the gastrointestinal tract were excluded, and allergy to 
cow’s milk protein and rice confirmed. After introducing 
the diet, the child’s condition improved moderately. At 
the age of 2.7 years, the child developed a high fever 

Figure 1. Schematic illustration of vemurafenib intervention in proliferation and apoptosis process; Ca2+ — calcium ions; DAG — diacylglycerol; 
EGFR — endothelial growth factor receptor; GDP — guanosine diphosphate; GTP — guanosine triphosphate; GRB2 — growth factor receptor-
bound protein 2; Gq/11 —  G protein type Gq/11; IP3 — inositol 1,4,5-trisphosphate; MAP — mitogen-activated protein; MAPK — mitogen-activated 
protein kinase; PIP2 — phosphatidylinositol 4,5-bisphosphate; PLC — phospholipase type C; PKC — protein kinase type C; RAF-1 — serine/ 
/threonine-specific protein kinases; RAS — small GTPase; Shc — signaling adaptor protein; Sos — guanosine nucleotide exchange factor
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with generalized lymphadenopathy, hepatosplenomegaly 
and bilinear cytopenia. Bone marrow biopsy revealed hy-
poplasia and suspected aplastic anemia. Skin purpura, 
hepatosplenomegaly, and a large, bloated abdomen were 
observed. The clinical presentation was dominated by 
severe abdominal pain and diarrhea. Laboratory tests 
revealed a decreased activity of amylases in blood serum, 
and in the CT examination, a manifestation of the pan-
creas typical for organ inflammation. Acute pancreatitis 
was treated, but there was no improvement. As part of 
the differential diagnosis, bacterial, viral, fungal and para-
sitic infections, Gaucher disease, Niemann-Pick disease, 
sarcoidosis, autoimmune lymphoproliferative syndrome, 
and phagocytosis disorders were excluded. Due to persis-
tent bone marrow insufficiency and exocrine pancreatic 
insufficiency, Shwachman-Diamond syndrome was sus-
pected, which was excluded by molecular examination. 
Myelodysplastic and hemophagocytic syndromes were 
also excluded. The presence of histiocytes with a foam-like 
cytoplasm, CD68+, part XIII+, CD1a-, Langerin -, in a few 
S-100+ cells was found. The bedding showed the loss of 
reticulin fibers. The image corresponded to a diagnosis 
of disseminated juvenile xanthogranuloma.

High-resolution computed tomography of the chest 
(HRCT) revealed inflammatory changes and areas of ‘frost-
ed glass’, as well as nodules in the lungs that may corre-
spond to infiltrates in the course of histiocytosis. No patho-
logical changes were found in the scintigraphy of the skele-
tal system. The PET-CT examination showed no signs of an 
active malignant proliferative process. There were also no 
deviations in cardiological and neurological examination. 

Treatment according to the LCH-2009 protocol (prednisone, 
vinblastine) was started, after which the progression of clin-
ical symptoms and increasing signs of bone marrow failure 
were observed. Another bone marrow biopsy test revealed 
the presence of CD68+, CD1a–, S-100–, CD14+, CD163+ 
protein, moreover the BRAF-V600E mutation was found in 
bone marrow cells.

Eventually, ECD was diagnosed. After obtaining the ap-
proval of the Therapeutic Committee for off-label therapy, 
anti-BRAF therapy with the drug vemurafenib at a dose of 
10 mg/kg bw/day was initiated, achieving a spectacular 
clinical improvement. The symptoms of the gastrointesti-
nal tract subsided, and normalization of blood cell count 
and biochemical parameters was observed. The paren-
chymal organs of the abdominal cavity decreased signifi-
cantly. Normal CT image of the pancreas was observed. 
Anti-BRAF therapy was used for three months without any 
side effects. Subsequently, an allogeneic hematopoietic 
stem cell (allo-HSCT) transplantation was performed from 
a matched unrelated donor. The post-transplant course was 
uneventful. In the control tests performed two months after 
allo-HSCT, no BRAF-V600E mutation was found. The bone 
marrow image was rich in cells with reconstruction of all 
lines of the hematopoietic system. Currently, the child is 
in the 11th month of follow-up after allo-HSCT, in clinical 
and molecular ECD remission.

Discussion

Histiocytic hyperplasia is a rare form of cancer in children. In 
our Clinic, they were diagnosed in 3% of pediatric patients 
diagnosed with any neoplastic disease, and in c.5% of pe-
diatric patients diagnosed with hematological neoplasms. 
The classic form of LCH is a disease with a good prognosis: 
5-year survival in children is 90%. However, relapses are 
observed in as many as one third of patients [9]. In our 
presented study, recurrence of LCH was reported in 5.5% 
of children.

The course of the rare forms of histiocytic hyperplasia, 
including ECD, is different.

The age at onset was between 1 year and 14 years 
[12, 14]. In all children, the skeletal system was affect-
ed (long bones, bones of the cranial vault, jaw, mandible, 
pelvic bones, ribs and spine). Infiltrations in the lungs and 
retroperitoneal space were noted in two patients, and in 
the central nervous system in three. One patient had hep-
atosplenomegaly [2, 14]. The most common involvement, 
of the bones, skin, cardiovascular system and central ner-
vous system, was not confirmed in the presented child. Her 
clinical picture was dominated by bone marrow failure, se-
vere abdominal pain and diarrhea with hypoalbuminemia 
associated with infiltrates in the pancreas and its exocrine 
insufficiency. The consequence of bone marrow aplasia 
was the necessity to use numerous blood transfusions and 

Table III. Characteristics of patients with Langerhans cell histio-
cytosis (LCH)

Variable Value

Number of patients 54 (100%)

Age (years): median (range) 6.25 (0.5–17.8)

Sex: female vs. male 26 (48.2%)/28 (51.8%)

Organ involvement:
• bone
• skin
• hematopoietic
• spleen
• liver
• lungs
• eye
• ear
• diabetes insipidus
• central nervous system
• lymph nodes

44 (81.5%)
16 (30%)
2(3.7%)
2 (3.7%)
2 (3.7%)
2 (3.7%)
1 (1.85%)
3 (5.5 %)
5 (9.3%)
5 (9.3%)
3 (5.5%)

Form of disease:
• single-system LCH
• multisystem LCH with or without 

involvement of risk organs

25 (46%)
29 (54%)
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the treatment of life-threatening infections. The presented 
patient had the clinical manifestation with predominant 
myelo-pancreatic-pulmonary disease of Erdheim-Chester.

Among the children with ECD described so far, none of 
them had bone marrow failure [2, 14], which was the dom-
inant symptom in our patient. The literature lacks data on 
the frequency of malignant bone marrow transformation 
in children with ECD. However, it is known from the litera-
ture that ECD is associated with an increased risk of hy-
perplasia of the hematopoietic system, mainly the myeloid 
lineage [25]. Papo et al. [26] reported cases of chronic 
myelomonocytic leukemia, myelodysplastic and myelo-
proliferative syndromes, and polycythemia vera in 10% of 
adult ECD patients. In a study by Cohen-Aubart et al. [19], 
15.8% of adult ECD patients developed myeloid neoplasm 
with present genetic abnormalities in the TET2, ASXL1,  
DNMT3A, and NRAS genes. These patients were signifi-
cantly more often elderly, and the BRAF-V600E mutation 
was found significantly more often [19].

In the case reports of childhood ECD, delays in diag-
nosis of the disease, ranging from six months to six years, 
are frequently underscored [2]. It cannot be ruled out that 
the symptoms of the disease had appeared in our patient 
much earlier, as the girl had had abdominal pain and re-
current diarrhea from age 9 months. The causes of the ail-
ments were not established in the extensive diagnostics, 
and dietary treatment did not bring about any significant 
improvement. For a year before the correct diagnosis, the 
girl was treated with pancreatin, with quite good results. 
This would suggest some initial changes in the pancreas. In 
the diagnosis of histiocytosis, a biopsy of the affected organ 
should be carried out together with the assessment of the 
MAPK pathway mutation. Due to the similarities between 
ECD, JXG and LCH, it is sometimes necessary to repeat the 
histopathological examination, especially when the patient 
does not respond to the treatment according to the LCH 
protocol [14]. This was the case in the described patient, 
who initially received treatment with vinblastine and ste-
roids, but, due to disease progression, another bone mar-
row trephine biopsy was performed with the assessment 
of the BRAF-V600E mutation.

Confirmation of the BRAF-V600E mutation firstly differ-
entiates ECD from JXG, and secondly allows for an effective 
targeted therapy. Among 11 reported children with ECD, 
only two were tested for the BRAF-V600E mutation, which 
was confirmed in one. MAPK inhibitors were not used in the 
therapy [14]. The literature also lacks data on hematopoiet-
ic cell transplantation in patients with ECD. The presented 
patient was the first child to develop bone marrow failure in 
the course of ECD. Taking into account the lack of data on 
anti-BRAF therapy in children worldwide (duration of ther-
apy, side effects, effectiveness) and the documented risk 
of bone marrow malignant transformation, it was decided 
to transplant the patient with allogeneic hematopoietic 

cells with preceding anti-BRAF therapy. This treatment led 
to a complete recovery.

Conclusions

Erdheim-Chester disease is extremely rare in children, but 
it should be considered in all cases of histiocytosis, espe-
cially in multi-system forms, with poor response to standard 
therapy. Molecular diagnostics should be sought. The de-
scribed case of a child is also an example of the diagnostic 
difficulties in bone marrow aplasia. The clinical presentation 
of the patient and the cytomorphological manifestation of 
the bone marrow initially corresponded to aplastic anemia, 
but the decisive factor was the histopathological and im-
munohistochemical results of bone marrow trephine biopsy 
and confirmation of BRAF-V600E mutation in histiocytes. 
The heterogeneity and diversity of the clinical symptoms, 
and the atypical age of the patient were the reasons for the 
long drawn-out differential diagnosis, but with therapeutic 
success through the use of anti-BRAF therapy followed by 
the procedure of hematopoietic cells transplantation.
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