
Introduction
Hemoglobinopathies constitute the most frequent 

monogenic diseases. It is estimated that approximately 
300,000 children are born annually with some type of 
hemoglobinopathy, with sickle-cell diseases being the most 
common of them, accounting for over 80% of these cases.1 
However, these figures are underestimated, considering 
that they often come from retrospective data of individual 
institutions and not from neonatal screening programs.

In Brazil, it is estimated that 4% of the population is 
a carrier of the S gene, a number that could reach 10% in 
Afro-descendants. Sickle-cell disease is caused by a muta-
tion, resulting in a mutant beta protein called hemoglobin 
S (HbS). In HbS, there is an exchange of an amino acid 
at position 6, replacing glutamic acid by valine. In homo-
zygous form or in combination with other hemoglobinopa-
thies, deoxygenated HbS form polymers that make the cell 
rigid, less deformable and that sometimes damages the cell 
membrane, leading to hemolytic anemia.2 Disease severity 
depends on the genotype, with the most severe form being 
the homozygous one for HbS (HbSS), i.e., sickle-cell 

anemia. Combinations with thalassemia may be milder in 
cases of persistence of some normal beta chain produc-
tion (HbSβ+) or more similar to the homozygous form, if 
there is no production of the normal beta chain (HbSβ0). 
Other combinations, such as with hemoglobinopathy C, 
the HbSC, usually have a milder clinical picture (Table 1). 
From a pathophysiological point of view, the repeated 
vaso-occlusive crises lead to tissue infarction in several 
organs. The interaction of circulating cells and altered vas-
cular endothelium of patients with sickle-cell disease also 
plays an important role in the disease pathophysiology.2 

Sickle-cell diseases are systemic diseases that result 
in damage to all organs. The clinical picture evolution is 
extremely unpredictable and can vary from mild to severe 
forms as early as in childhood.2 The most common compli-
cations are vaso-occlusive crises that can occur anywhere, 
but are more common in the bone marrow, causing intense 
bone pain; in the lung, as the so-called acute chest syn-
drome and in the central nervous system. Strokes are espe-
cially feared and may be apparent or silent, being related 
to high morbidity and mortality.3 Neurological complica-
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SUMMARY

Sickle-cell diseases are the most common inherited hemoglobinopathies 
worldwide. Improvement in survival has been seen in the last decades with the 
introduction of careful screening and prevention of complications and the intro-
duction of hydroxyurea. Stem-cell transplantation is currently the only curative 
option for these patients and has been indicated for patients with neurological 
events, repeated vaso-occlusive crisis, any organ damage or presence of red blood 
cell antibodies. Related bone-marrow or cord-blood transplant has shown an over-
all survival of more than 90% with a disease-free survival of 90% in 1,000 patients 
transplanted in the last decades. The use of unrelated donors unfortunately has 
not shown the same good results, but better typing methods and improved support 
may improve the outcome with this source of stem cells in the future. In Brazil, 
only recently stem cell transplant from related donors has been included in the 
procedures performed in the public health system. The use of related bone marrow 
or cord blood and a myeloablative conditioning regimen are considered standard 
of care for patients with sickle-cell diseases. Transplants with non-myeloablative 
regimens, unrelated donors or haploidentical donors should be performed only in 
controlled clinical trials. 
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tions, such as silent infarctions, transient ischemic attacks 
(TIA), ischemic or hemorrhagic strokes have a prevalence 
of approximately 5% in children with HbSS and HbSβ0. 
Strokes occur in up to 10% of children with HbSS, with 
risk factors being a previous TIA, low hemoglobin levels, 
increased vascular flow on transcranial Doppler4 Recur-
rence of cerebral ischemic events occurs in 60 to 90% of 
patients that do not receive secondary prophylaxis measu-
res (chronic transfusions, bone marrow transplantation).5 
Repeated splenic infarctions lead to organ atrophy (autos-
plenectomy), with subsequent splenic hypofunction.6

The treatment consists of the introduction of antibiotic 
prophylaxis as soon the diagnosis is made and family gui-
dance regarding the care and recognition of more severe 
pictures, preventing dehydration and hypo-oxygenation.2 
The use of hydroxyurea, a drug able not only to increase 
fetal hemoglobin levels, but also to reduce leukocytes and 
inflammatory mediators has changed the natural history 
of the disease. Its use has been recommended from early 
childhood in order to prevent irreversible organ damage.7

Despite these advances in the treatment of sickle-cell 
disease, some patients do not show adequate responses to 
hydroxyurea and may develop severe complications at a 
young age. The great challenge has been to identify pre-
dictors of severity that can be used to stratify patients for 
different types of treatment earlier. Some factors such as 
persistently lower hemoglobin and severe dactylitis have 
been associated with worse clinical outcome.

Other markers, such as increased lactate dehydroge-
nase, as a result of hemolysis, has also been associated with 
more severe clinical pictures. Although these risk factors 
are already known, not all of them are accurate enough to 
guide the therapeutic decision-making.8 Currently, the most 
important factor from the clinical point of view is the altera-
tion in the transcranial Doppler, which is a predictor of vas-
cular lesion in the central nervous system.5 Early and routine 
use of ultrasound assessment can predict the occurrence of 
stroke, leading to changes in the therapeutic strategy.9

Indications of allogeneic 
BMT in sickle-cell diseases 

The first facts and the vast majority of currently avail-
able data on allogeneic BMT in sickle-cell disease (SCD) 

are on children. The age of 16 years, which appears in sev-
eral older publications, is derived from rationale on allo-
geneic BMT in thalassemia. Children with thalassemia 
major that receive chronic transfusions since the first 
months of life will have a significant iron accumulation 
if not submitted to adequate iron chelation. Therefore, the 
Pesaro group demonstrated that inadequate iron chela-
tion and liver alterations, especially hemosiderosis, led to 
inferior BMT outcomes.10 Children older than 16 years, 
due to the prolonged time of transfusion and consequent 
accumulation of iron in the 1990s, consequently had 
these inferior outcomes after BMT. Therefore, restric-
tions regarding BMT in patients with thalassemia were 
then assumed for patients with sickle-cell disease (SCD). 
The pathophysiology of sickle-cell diseases, however, 
can be very different and the clinical outcome is not as 
predictable as in the constant iron accumulation. For this 
reason, the vast majority of data on allogeneic BMT in 
SCD are obtained from children. Additionally, children 
with SCD had, at the time, few therapeutic options beyond 
the general and antibiotic prophylaxis measures. Consid-
ering the unpredictability of the clinical course and few 
predictive factors of severity, it is presumed as a rule that 
only patients with unfavorable evolution and some organ 
damage must undergo allogeneic BMT.

Table 2 shows the main indications for allogeneic 
BMT recognized by international BMT Societies.11,12 All 
of them agree that all patients with symptomatic disease 
and that has an identical HLA donor should be transplan-
ted as soon as possible. Other tools, such as the routine 
use of transcranial Doppler (TCD) in the early evalua-
tion of cerebral blood flow alterations can be crucial to 
identify patients that can benefit from allogeneic BMT 
before irreversible symptoms or lesions occur. Therefore, 
in addition to the presence of organ damage in both the 
central nervous system or another organ and an unfavo-
rable evolution with repeated vaso-occlusive crises, it is 
accepted today the transplantation of patients with TCD 
alterations. Another indication would be the increase 
in tricuspid valve regurgitation velocity ≥2.7 m/sec 
at the conventional echocardiography, as it indicates the 
need for catheterization assessment for possible pulmo-
nary hypertension.13

Table 1. Common genotypes and severity of sickle cell diseases
Genotype Abbreviation Name Hb (gdL) Severity

βS/βS HbSS Sickle-cell anemia 6-9 +++

βS/β0 Hb Sβ0 S-beta thalassemia 6-9 +++

βS/βC HbSC SC hemoglobinopathy 9-12 ++

βS/β+ Hb Sβ0 S beta talassemia 10-13 +
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Allogeneic bone marrow transplantation
bone marrow transplantation is currently the only cura-

tive option for patients with sickle cell disease and aims 
to restore normal hematopoiesis and thus prevent damage 
by successive sickling episodes. The first description of 
allogeneic bone marrow transplantation for the treatment 
of sickle cell anemia dates from 1984, in a patient with 
acute leukemia.14 This transplantation showed it was pos-
sible to cure SCD patients with this therapy. After this first 
report, two groups in the USA and Belgium published the 
first series of patients with sickle-cell disease submitted to 
allogeneic BMT, with overall survival outcomes >90% and 
event-free survival > 85%.15,16

Myeloablative Conditioning
Large part of the initial data comprises myeloablative 

conditioning and related donors. The first two series are 
from the Belgian group in 1996 and the North-American 
group in 1998 (Table 2).15,17 After these first publications, 
other groups reported similar experiences.18-20 The most 
often used regimen was the one with busulfan 16 mg/kg 
and cyclophosphamide 200 mg/kg with or without antithy-
mocyte globulin (ATG) or anti-CD52 antibody (Alemtu-
zumab). More recently, the introduction of Treosulfan and 
Thiotepa showed similar efficacy with a slightly superior 
safety profile related to early complications, such as sinu-
soidal obstruction syndrome.

The data, however, are similar in terms of overall survival 
and event-free survival.21 Table 3 shows the data of the largest 
published series with myeloablative regimen and identical 
HLA (human leucocyte antigen) sibling donors. These data 
clearly demonstrate the benefit of allogeneic bone marrow 
transplantation in the treatment of patients with sickle-cell 
disease. Low mortality related to BMT and the low incidence 
of both acute (aGVHD) and chronic (cGVHD) graft-versus-
-host-disease (GVHD) demonstrate the curative potential of 
this therapeutic approach, as well as its safety.

The largest sample of allogeneic BMT in patients 
with sickle-cell disease was recently presented in a con-
gress.22 One thousand transplantation cases were reviewed 
in the USA, Europe and Brazil. The transplants were 
carried out in 90 centers from 23 countries. All patients 
received transplantation from an identical HLA sibling 
donor. The  median age was 9 years (1-54 years) and 
85% of patients were younger than 16 years. More than 
half of transplantations, 53%, were carried out after 2007. 
Most patients had HbSS and stroke was the most com-
mon indication for BMT. Regular transfusions and use of 
hydroxyurea were carried out in 93% and 53% of patients, 
respectively, pre allogeneic BMT. The most commonly 
used conditioning regimen was myeloablation (87%) and 
the most widely used regimen consisted of busulfan and 
cyclophosphamide. The source of hematopoietic stem 
cells was the bone marrow in 85% of cases.

The median follow-up time was 45 (1.1-324.6) 
months. Twenty-six patients had primary graft failure 
and 47 had late graft loss. The probability of overall sur-
vival and event-free survival at 3 years was respectively 
94% (95% CI: 92-95) and 90% (95%CI 68-82). The use 
of peripheral blood hematopoietic stem cells was sig-
nificantly associated with worse overall survival (BM 
94% vs. PB 80%, p <0.0001). Death occurred in 6.7% 
of patients primarily due to infection or GVHD. At  the 
multivariate analysis, each year of age (HR 1.1, 95% 
CI: 1.07-1.14, p <0.001) and the use of peripheral blood 
(HR 3:43, 95% CI: 1.49-7.88, p = 0.004) were associated 
with higher mortality.

The use of a myeloablative regimen in the univariate 
analysis was associated with better event-free survival 
(91 ± 1% vs. 82 ± 1%, respectively; p <0.001). The con-
fidence interval for aGVHD grades 2-4 was 14.4% 
(12.2-16.7) and for chronic GVHD it was 13.3% (11-15.8). 
This  large series demonstrates the efficacy and safety of 
allogeneic BMT in patients with sickle-cell disease, even 
in established lesions. Thus, the allogeneic BMT with 
identical HLA sibling donor and myeloablative conditio-
ning is now considered the treatment of choice and routine 
for individuals with sickle-cell disease with indication for 
BMT. The use of intravenous busulfan should always be 
the route of choice and the bone marrow should be the 
source of hematopoietic stem cells. 

Some specific care of these patients is important, 
such as the maintenance of anticonvulsants throughout 
the period of calcineurin inhibitor use (preferably Lamo-
trigine, as it does not interfere with serum cyclosporine 
levels), maintaining platelet levels throughout the BMT 
period >50,000/µL, maintaining hemoglobin levels bet-

Table 2. Alo BMT indications according to the North 
American groups of BMT (CIBMTR) and the European 
Group of BMT (EBMT)
Established Alo BMT indications
Stroke
Isquemia Cerebral
Cerebral ischemia – neurological event lasting > 24 hs
Velocity in TCD ≥ 200 m/s
Repeated Thoracic Syndromes
Recurrent priaprism
Allosensitization
Osteonecrosis
Sickle-cell nephropathy
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ween 9 and 11 g/dL and no higher, maintaining adequate 
levels of magnesium and be quite assertive regarding blood 
pressure control.

Non-myeloablative conditioning
The idea that a mixed chimerism would be enough to 

prevent the vaso-occlusive crises and the fear of submit-
ting patients already showing extensive organ lesions to 
transplantation with myeloablative regimens, especially 
adult ones, has made several non-myeloablative regimens 
be tested in patients with sickle-cell disease. The first 
results, more often seen in case reports than in series of 
patients, were quite disappointing with high engraftment 
failure rate and delayed engraftment loss. On the other 
hand, more recent series with better support measures and 
new conditioning regimens (see Table 4) have started to 
show better results.

The most recent series with better immunoablative 
regimens have shown results that are superior to those 
published in previous decades, with lower rates of rejec-
tion and low toxicity. Several groups have tested diffe-
rent conditioning regimens, with the greatest experience 
being that of the US group with low grafting failure rate 
and excellent overall survival and event-free survival.23,24 
However, it is known that some of these patients require 
immunosuppressive maintenance to keep the grafting23. 

Therefore, transplantation with non-myeloablative condi-
tioning should still be considered only in clinical trials and 
should not be indicated as routine.

Sources of alternative 
hematopoietic stem cells

The exceptional outcomes with related donors resulted 
in the search for the cure of the disease with alternative 
donors. The use of related cord blood, despite showing a 
delayed neutrophil and platelet engraftment, subsequently 
showed in the largest series published by the European 
group of BMT (EBMT), a disease-free survival after 
6 years of follow-up 90%, comparable with that of related 
BM.22 Also, the data from these 90 cases showed no dif-
ference in terms of overall and event-free survival when 
compared with bone marrow use.22 Therefore, the use 
of related umbilical cord blood can be also considered a 
source of hematopoietic stem cells for allogeneic BMT in 
sickle-cell disease.

In turn, the use of unrelated umbilical cord blood 
did not show satisfactory results. The graft rejection rate 
was 46% in two studies. Although the overall survival 
rate was 94%, the incidence of aGVHD was 20%, much 
higher than that found in related umbilical cord blood.25 
The use of unrelated cord blood must be considered only 
in clinical trials.

TABLE 3. Main series of myeloablative allogeneic BMT with related donor for treatment of sickle-cell diseases.

Author
Vermylen 
1998

Walters 
1996

Bernaudin 
2007-2010

Panepinto 
2007

Lucarelli 
2012

Mc Pherson 
2011

Locatelli 
2013

N 50 26 121 67 40 27 160
Overall survival 96% 94% 98% 97% 91% 96% 97%
Sobrevida Livre de Eventos 82% 84% 95% 85% 91% 96% 88%
BRM* 7% 6% 7% 0% 9% 4% 4,5%
Grafting failure 10% 10% 7% 13% 0% 0% 7% MO 10% SCU
Idades 1-23 3-15 2-22 2-27 2-17 3-17 3-17
aGVHD** 20% 3% 17% 10% 17,5% 12% 21% MO 11% SCU
cGVHD*** 10% 3% 11% 22% 5% 4% 12% MO 5% SCU

*BRM – BMT-related mortality; aGVHC – acute graft versus host disease 
***cGVHD – chronic graft versus host disease; UCB – umbilical cord blood; BM: bone marrow

Table 4. Main series of non-myeloablative allogeneic BMT for treatment of sickle-cell diseases.

Author
Van Besien 
2000

Iannone 
2003

Hsie H 
2009

King AA 
2015

Saraf S 
2016

Strocchio 
2015

N 2 6 30 43 13 15
Overall survival 1 caso 100% 97% 93% 100% 100%
Event-free survival 1 caso 0% 87% 90% 92% 93%
BRM* 50% 0% 4% 5,7% 0 0
Grafting failure 0% 100% 13% 1 Case SCU 8% 7%
Ages 40 e 56 3-20 17 - 65 0,8 - 20 17 - 40 < 16 
aGVHD** 1 caso grave - 0 23% 0
cGVHD*** - - 0 13% 0

*BRM – BMT-related mortality; aGVHC – acute graft versus host disease 
***cGVHD – chronic graft versus host disease; UCB – umbilical cord blood.
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The first obstacle of using unrelated donors is finding 
the donors for these patients. The probability of finding 
donors in this group is significantly lower than in Cau-
casians populations and is only 19% at allelic level.25 
Therefore, there are few data with unrelated donors in the 
literature and there are only studies in progress, without 
definitive results. This source should be considered only in 
clinical trials and cannot be recommended for routine use.

The introduction of haploidentical allogeneic BMT 
with the use of cyclophosphamide after hematopoietic 
stem cell infusion has dramatically increased the availa-
bility of donors for patients with hematological malig-
nancies. With the favorable data and the low incidence of 
aGVHD and cGVHD, the first data on hemoglobinopathies 
appeared. The Johns Hopkins group described the first 
14 cases, aged 15 to 42 years, who were transplanted with 
haploidentical related donors. With a median follow-up of 
two years, 11 patients maintained a stable graft (14 haploi-
dentical and 3 related donors) and in 6 cases it was pos-
sible to discontinue immunosuppression. Although there 
were no deaths in the described cases, 6 of 14 patients had 
graft rejection. 26 The group has been carrying out minor 
protocol modifications to allow better grafting in patients 
with non-malignant diseases. Nevertheless, the allogeneic 

BMT with related haploidentical donors should be perfor-
med only in the context of a clinical trial.

Table 5 summarizes the main series with alternative 
hematopoietic stem cell sources.25

The treatment of 
sickle-cell diseases in Brazil

Brazil has a comprehensive public health system (SUS) 
legislation regarding the treatment of sickle-cell diseases. 
Even though these were initiated only after 2005, several 
decrees have been published, covering different aspects of 
the treatment of these individuals. Table 6 summarizes the 
main decrees published regarding the treatment of patients 
with sickle-cell disease. Despite this comprehensive legis-
lation, access to this type of treatment is still very irregular 
in different parts of the country. The socioeconomic status 
of the population also hinders access to all available treat-
ments through SUS.27

The introduction and scope of the neonatal scree-
ning program (NSP) in the whole country after 2014 has 
not resulted yet in improved survival for patients with 
sickle-cell diseases in Brazil.28 Nonetheless, the introduc-
tion of allogeneic BMT as a therapeutic option in SUS for 
patients with sickle-cell diseases was a step forward in the 

TABLE 5. Outcomes of unrelated or haploidentical allogeneic BMT in individuals with sickle-cell diseases
Author N Mean age HST source OS (%) Rejection DFS BRM
Bolanos-Maede 14 22 Haplo 100 43% 57% 0
Dallas 8 9 Haplo 75 38% 38% 38
De la Fuente 13 10 Haplo 94
Eckrich 15 CD34 75 7% 67%
Kamani 8 13,7 Cord 87 63% 37% 13
Ruggeri 16 6 Cord 94 - 50% 6
Shenoy 29 14 BM 86 10% 76% 21

HST: hematopoietic stem-cell; BM: bone marrow; Haplo: haploidentical donor

Table 6. Ministry of Health Decrees related o sickle-cell diseases in Brazil
Decrees Description
Decree n. 1.391/GM of August 
16, 2005

Institutes, within the National Health System, the guidelines for the National Comprehensive Care Policy 
for People with sickle cell disease and other hemoglobinopathies.

Decree n. 12.104, of December 
1, 2009

Provides for the establishment of the National Action Day for the Rights of People with Sickle Diseases, to 
be celebrated annually on October 27.

Decree n. 55, of January 29, 2010
Approved the Clinical Protocol and Therapeutic Guidelines - Sickle Cell Disease, considering the need to 
improve Sickle Cell Disease parameters in Brazil and to update national guidelines for the diagnosis and 
monitoring of patients with this disease. Hydroxyurea for patients with >3 years.

Decree n. 1459, of June 24, 2011
Institutes, within the Brazilian Unified Health System - SUS - the Stork Network. In December 2013, 
through a technical communication, hemoglobin electrophoresis was included in the prenatal screening in 
the Stork Network.

Decree n. 473, of April 26, 2013
Establishes the protocol for Transcranial Doppler use as an outpatient procedure in stroke prevention in 
patients with sickle-cell disease.

Decree n. 27, of June 12, 2013. Incorporates hydroxyurea in children with sickle-cell disease in the Brazilian Unified Health System – SUS.

Decree n. 1321, of December 21, 
2015.

Includes in the list of Procedures, Drugs, Orthoses, Special Prostheses and Materials of SUS, the compatibility 
of allogeneic transplant with related donor of bone marrow, peripheral blood or umbilical cord blood for the 
treatment of sickle cell disease, and establishes guidelines and type of transplantation for this purpose.
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fight against this not so benign disease. Table 7 depicts the 
codes to be used for billing purposes in SUS.

Decree N. 1321 of December 21, 2015, summarized 
in Table 8, includes in the Technical Regulations of the 
National Transplant System, the indication for allogeneic 
transplantation with related donor of bone marrow, peri-
pheral blood or umbilical cord blood, with myeloablative 
regimen, for the treatment of sickle-cell disease.

According to the decree, the allogeneic hematopoietic 
stem cell transplantation (HSCT) with related donor, of 
bone marrow, peripheral blood or umbilical cord blood, 
with myeloablative regimen, for the treatment of sickle-cell 
disease may be indicated and performed in patients who 
meet the following criteria:

I – Patient aged up to 16 years with sickle-cell disease 
type S, homozygous or type S beta thalassemia (Sbeta) using 
hydroxyurea, with at least one of the following conditions:

a. neurological alterations due to stroke, neurological 
alteration that persists for more than 24 hours or altera-
tions at imaging tests;

TABLE 8. Indications for allogeneic BMT with related 
donor according to decree n. 1321 of December 21, 2015’
Patient aged up to 16 years old with homozygous sickle cell disease 
type S or type S beta thalassemia (Sbeta) using hydroxyurea that has 
at least one of the following conditions.
a. Neurological alteration due to stroke, neurological alteration that 
persists for more than 24 hours or alteration at imaging assessment;
b. cerebrovascular disease associated with sickle cell disease;
c. more than two severe vaso-occlusive crises (including Acute 
Thoracic Syndrome – ATS) in the previous year;
d. more than one episode of priaprism;
e. presence of more than two antibodies in patients undergoing 
hypertransfusion or one high-frequency antibody; 
f. osteonecrosis in more than one joint.

b. cerebrovascular diseases associated to sickle-cell 
disease;

c. more than two severe vaso-occlusive crises (inclu-
ding Acute Thoracic Syndrome - ATS) in the last year;

d. more than one episode of priapism;
e. presence of more than two antibodies in patients 

submitted to hypertransfusion or one high-frequency anti-
body; or

f. osteonecrosis in more than one joint.
The use of hematopoietic stem cell sources (bone 

marrow, peripheral blood or umbilical cord blood) should 
consider the risks to the donor and the risks and benefits 
to the recipient.

Conclusions
A better understanding of the pathophysiology of 

sickle-cell disease has brought significant advances to 
the treatment of these individuals. Early identification 
of affected individuals by neonatal screening, the intro-
duction of drug preventive measures, such as antibiotic 
prophylaxis and hydroxyurea and careful monitoring of 
patients could provide important benefits in terms of sur-
vival. Allogeneic BMT with related donors is still the only 
curative option for sickle-cell disease and has shown excel-
lent results. The incorporation of allogeneic BMT into the 
Brazilian public health system, SUS, will provide patients 
with organic complications and patients with an unfavor-
able evolution with a real hope of cure. Unfortunately, 
there are no clear predictors of unfavorable evolution that 
may predict patients who will benefit most from the proce-
dure, but all affected patients that show more severe signs 
of evolution should be tested to search for possible donor 
in the family. Universal access to available treatment and 
follow-up assessment to all patients with sickle-cell dis-
ease is still a major challenge in our country. 

Resumo

Transplante alogênico de medula óssea em doenças 
falciformes

As doenças falciformes são as hemoglobinopatias mais fre-
quentes mundialmente. Nas últimas décadas vivenciamos 
melhora na sobrevida de portadores destas patologias com a 
introdução de medidas preventivas e o uso precoce da hidro-
xiurea. O transplante de medula óssea alogênico (alo TMO) 
é a única opção terapêutica curativa para as hemoglobinopa-
tias. O mesmo tem sido indicado para pacientes com compli-
cações neurológicas, crises vasoclusivas repetidas, alguma 
lesão orgânica e alosensibilizados. O uso de doadores 

TABLE 7. SUS codes for 
allogeneic BMT in sickle-cell diseases
SUS code Source ICD

05.05.01.001-1
Allogeneic BMT with 
related donor

D57.0 Sickle-cell 
anemia with crisis

D57.2 Double 
heterozygous 
sickle cell disorders

05.05.01.003-8

Allogeneic 
transplantation with 
related donor of 
umbilical cord blood

D57.0 Sickle-cell 
anemia with crisis

D57.2 Double 
heterozygous 
sickle-cell disorders

05.05.01.005-4

Allogeneic 
transplantation 
with related donor 
of peripheral 
hematopoietic stem cells

D57.0 Sickle-cell 
anemia with crisis

D57.2 Double 
heterozygous 
sickle-cell disorders
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relacionados de medula óssea ou cordão umbilical mostrou 
em 1000 procedimentos realizados sobrevida global de 95% 
e sobrevida livre de ventos de 90%. O uso de doadores não 
aparentados não mostrou resultados tão expressivos, mas no 
futuro métodos melhores de tipagem de HLA e de medi-
das de suporte podem melhorar estes resultados. No Brasil 
apenas recentemente o alo TMO foi incluído no âmbito do 
sistema único de saúde (SUS) como opção terapêutica para 
portadores de doenças falciformes. O uso de doadores apa-
rentados de MO ou de SCU com regime mieloablativo é con-
siderado hoje tratamento estabelecido, sendo que o uso de 
doadores alternativos não aparentados ou haploidenticos e 
o uso de transplante com regime não mieloablativo deve ser 
considerado apenas em estudos clínicos.

Palavras-Chave: Anemia Falciforme; Transplante de 
Medula Óssea; Hemoglobinopatias
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