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Abstract

Introduction: Sickle cell anemia is an inherited disease characterized by the alteration of red 
blood cells, making them resemble a sickle, giving rise to the name sickle cell. These cells have 
their membrane altered and ruptures easily, causing anemia. Objectives: The aim of this article 
was to verify through a systematic review on the success rates after bone marrow transplantation 
in order to cure the disease. Methods: The most relevant studies in the Pubmed database were 
analyzed and only articles on bone marrow transplantation and treatments in sickle cell disease 
were considered. Results: They were part of the scope of this review and articles that did not show 
controversial results regarding bone marrow transplantation, having good efficacy in reducing 
symptoms, being the best treatment of choice. Conclusion: There is still a lack of scientific 
evidence on bone marrow transplantation, as it is a difficult to Access treatment, as it is not easy 
to find a fully compatible donor, but in relation to other types of treatment, it is observed better 
efficacy to cure this disease.
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Resumo

Introdução: Anemia falciforme é uma doença hereditária caracterizada pela alteração dos 
glóbulos vermelhos do sangue, tornando-os parecidos com uma foice, dando origem ao nome 
falciforme. Essas células têm sua membrana alterada e se rompe com facilidade, causando 
anemia. Objetivos: O objetivo deste artigo foi verificar por meio de uma revisão sistemática 
sobre as taxas de sucesso pós-transplante de medula óssea, a fim de buscar a cura da doença. 
Métodos: Foram analisados os mais relevantes estudos na base de dados Pubmed, sendo 
contemplados somente artigos sobre transplante de medula óssea e tratamentos na doença 
falciforme. Resultados: Fizeram parte do escopo desta revisão artigos que não demonstraram 
haver controversa nos resultados em relação ao transplante de medula, tendo boa eficácia 
na redução dos sintomas, sendo o melhor tratamento de escolha. Conclusão: Ainda faltam 
evidências científicas sobre transplante de medula óssea, por ser um tratamento de difícil acesso, 
pois não há facilidade de achar um doador totalmente compatível, porém em relação aos outros 
tipos de tratamento, observa-se melhor eficácia para cura desta doença.
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INTRODUCTION

Sickle cell disease manifests itself in homozygous individuals for 
hemoglobin S. and in combination with other abnormal hemoglobins, 
which can result in sickle cell disease with varying degrees of 
severity. Its diagnosis is made through hemoglobin electrophoresis(1).

The hemoglobin S gene is a high-frequency gene throughout 
America and, in Brazil, it is more frequent in the southeast and 
northeast regions. In equatorial Africa, forty percent of the population 
is a carrier, and sickle cell disease reaches a prevalence of 2 to 3%. 
It can affect up to 0.3% of the black population, with the tendency to 
increasingly affect a significant population, due to the high degree 
of miscegenation in the country(1). The anemia process develops 
when the erythrocyte mass is insufficient to transport oxygen, due 
to a reduction in hemoglobin levels, hematocrit or the number of 
erythrocytes(2). Hemoglobin is a molecule responsible for the tissue 
oxygenation process, consisting of four subunits, each one made up 
of a protein molecule associated with a group of the heme portion(3).

Normal erythrocytes are malleable and biconcave. In the case 
of individuals who have HbS, the sickling of these cells prevents 
correct blood circulation through the small vessels, which can 
cause vaso-occlusion processes. Furthermore, due to the increased 
susceptibility to hemolysis, these abnormal cells have a shorter 
life cycle (10 to 20 days) when compared to normal erythrocytes 
(120 days)(4). About 1200 natural mutations are known and new 
mutations in the genes that code for hemoglobin are continually 
being discovered. Most of these mutations are clinically insignificant, 
but one of these mutations causes sickle cell anemia, which is one 
of the most prevalent hereditary diseases and presents the highest 
rate of morbidity and mortality(5).

Faced with all these weaknesses, the only chance of an effective 
cure is Bone Marrow Transplantation (BMT). According to(6-2), 
halogen bone marrow transplantation is accepted as a treatment 
for symptomatic children. Initially, patients eligible for BMT were 
those who demonstrated brain damage due to strokes, acute chest 
syndrome, and recurrent pain crises(6). However, with the positive 
results for this group, BMT began to be indicated for groups of 
patients who demonstrate less severity in their clinical histories(7).

Cell transplantation consists of replacing bone marrow, which 
can be autogenic when the cells to be transplanted come from the 
individual who will undergo the transplant, or halogenic, when the 
cells come from a donor(7). The discussion on the indication of this 
treatment for people with sickle cell disease began in 2004, with the 
1st National Forum of the National Transplant System, held in Brasília.

In the Brazilian scenario, bone marrow transplants were included 
as a curative method for patients with sickle cell disease as of 

Ordinance No. 30, of June 30, 2015, through which the decision to 
implement BMT within the scope of the Unified Health System for 
the treatment of sickle cell disease was made public(8).

OBJECTIVE

Aware of the need to analyze the factors that may indicate 
bone marrow transplantation for patients with sickle cell disease, 
the present study aimed to identify, through a systematic review, 
the post-bone marrow transplant success rate.

METHODS

Search Strategies

The most relevant studies published originally in English were 
analyzed, using the PubMed and Scielo databases as references, 
to select studies with the greatest scientific evidence, including only 
systematic reviews of articles.

The search strategy used the following keywords: “sickle cell 
anemia; transplant; bone marrow”; “sickle cell disease”. The articles 
selection criteria were applied to the types of studies, language, type 
of treatment, and date of publication.

For the selection of studies, the inclusion and exclusion criteria 
presented in Chart 1 were applied.

Chart 1. Inclusion and exclusion criteria applied in the selection 
of studies.

Inclusion criteria

Design Scientific articles

Patients Patients with sickle cell disease

Intervention Bone marrow transplant

Language English and Portuguese

Exclusion Criteria

Design Case reports and literature reviewa.

Intervention Patients who have not undergone bone 
marrow treatment 

Form of Publication Article

Main Clinical Outcomes

Bone marrow transplant 

Forms of treatment and evaluation
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RESULTS

Several studies involving bone marrow transplantation in sickle 
cell disease were identified. After reading the articles found, four 
articles involving the topic were selected for analysis and inclusion 
in the scope of this review. Figure 1 presents the flowchart used to 
select the articles analyzed.

META-ANALYSIS

Only four of the ten studies included in this review provided 
sufficient data to analyze bone marrow transplantation, as shown 
in table 1.

The discussion about Bone Marrow Transplantation (BMT) for 
people with sickle cell disease is increasingly occupying space 
in academic and political settings. Despite the disease having 
been studied since 1910, we still have many gaps that must be 
exhaustively analyzed, one of which is associated with the new form 
of curing the disease, transplantation(9).

For this research, articles were evaluated with people of different 
ages undergoing Bone Marrow Transplantation (BMT), who seek the 
same objective, the cure of the disease(10-1-12-13).

Isgro analyzed 37 patients who underwent Bone Marrow 
Transplantation, the donors being identical brothers born between 
2010 and 2015. The patients were referred to the Mediterranean 
Institute of Hematology to undergo bone marrow transplantation(10). 
The average age of the patients was 10 years. All 37 patients had 
sustained engraftment after transplantation. After 3 to 6 months after 
the procedure, no changes were found in spirometry values. Four of 
the nine patients’ respiratory patterns remained unchanged. Three 
patients worsened post-transplant due to infectious complications 
and pulmonary complications(10).

According(11) to the multicenter investigation of bone marrow 
transplantation in children with sickle cell disease, in 27 European 
and North American transplant centers, fifty-nine patients with an 
average age of 10-11 years, received a bone marrow transplant 
from identical siblings between September 1991 and April 2000. 
No patient presented painful events or other clinical complications 
related to sickle cell disease after transplantation(11). Sickle cell 
patients who develop persistent mixed hematopoietic chimerism 
after transplantation experienced a significant improvement effect(11).

The author Rafaella(12) described an article about sickle cell 
anemia in three-year-old children with recurrent SCA, hypoperfusion 
of the left lung, mild hemolysis, and perceived elevation of TRV. 

Table 1. Summary of studies and their main results involving bone marrow transplantation in sickle cell disease.
Author/Year Sample Method / Intervention Results

Isgro Marziali et al. (2017) 37 patients undergoing bone 
marrow transplantation.

They were referred to the 
Mediterranean Institute of 

Hematology.

Three patients worsened due to 
post-transplantation

Walters et al. (2001)

Bone marrow transplantation in 
children with sickle cell disease in 
27 European and North American 

transplant centers.

Fifty-nine patients with an average 
age of 10-11 years received the 

transplant.

No patient experienced 
painful events or other clinical 

complications related to sickle cell 
disease after transplantation.

Raffaella et al. (2011) Three-year-old child with sickle 
cell anemia

Use of the medication 
Hydroxyurea 

No patient experienced 
painful events or other clinical 

complications related to sickle cell 
disease after transplantation.

Iannone et al. (2001) Transgenic mice

All transgenic mice with sickle 
cell disease have been shown to 

express the CD45 allele of the 
common leukocyte antigen.
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The use of the drug Hydroxyurea used to treat sickle cell disease, 
increased hemoglobin and reduced the number of crises caused by 
the disease. No patient experienced painful events or other clinical 
complications related to sickle cell disease after transplantation.

According to the author(13), all patients did not experience 
painful events or other clinical complications after transplantation. 
Walter et. al. performed an investigation of bone marrow 
transplantation in children with sickle cell disease at 27 European 
and North American transplant centers; fifty-nine patients with a 
mean age of 10 years received bone marrow transplants from 
identical siblings between September 1991 and April 2000(13). 
According to a study(14) with patients with sickle cell anemia, 
bone marrow transplantation obtained a positive result. Bone 
marrow transplantation has become one of the promising effective 
alternative treatments for patients with sickle cell anemia. It 
presents advantages and disadvantages to patients, but it is 
the only means that can enable a cure. However, the number of 
patients already transplanted has a cure rate of 77% and only 
23% deaths(14). The only curative treatment for patients with sickle 
cell disease is hematopoietic stem cell transplantation (HSCT). 
Myeloablative transplants with an HLA-identical donor provide 
80%-85% disease-free survival in patients with advanced and 
severe disease(14). Non-myeloablative transplants have lower 
treatment-related toxicity when compared to myeloablative 
ones, but they have a higher rate of graft rejection and disease 
recurrence. Unrelated transplants using umbilical cord blood 
can be an alternative for severely affected patients who do 
not have a related donor(14). As long as the risk factors for a 
more severe progression of the disease are not defined, in 
addition to the absence of prospective and randomized studies 
comparing hydroxyurea, chronic transfusion, and Bone Marrow 
Transplantation, the treatment is still individualized and decisions 
must be shared with patients and family members regarding their 
preference for a certain therapy(14).

When we work with data on people with sickle cell disease, this 
statistic can become more worrying, since, according to data from 
the Ministry of Health, around 30 thousand people have sickle cell 
disease and it is estimated that, according to the Neonatal Screening 
Program, 3,500 children are born with sickle cell disease each 
year. Using basic mathematics, we can say that at least 350,000 
bone marrow donors are needed each year so that BMT can be 
performed on these children(15). For those who have not found a 
compatible donor, there is always the possibility, although small, 
of using hematopoietic stem cells. Several studies have shown this 

use to be beneficial, with survival rates similar to those of BMT and 
with much lower risks of developing related diseases(16). There is 
still the possibility of adapting the conditioning for transplantation, 
but this alternative is still being discussed in research groups that 
seek to use the variants in each case as a hypothesis of hope for 
other people(16).

Given this reality, it is necessary to perform an individual analysis 
of each patient, studying his history and the possibility of preventing 
making hasty decisions(16). Furthermore, more research groups need 
to be committed to develop an improvement in the survival of people 
who will possibly undergo transplantation(13-14-15-16).

With all these important points that define the possibility of 
successful treatment, we also have the new decision from the 
Ministry of Health which, as of February 9, 2018, through Ordinance 
No. 298, expanding the age range of people with sickle cell disease 
to be candidates for transplantation(17). In one of the most recent 
studies performed by Dr. Ricardo Helman, from 2010 to 2016, nine 
transplants were performed, resulting in 7 cured patients and only 2 
deaths. In percentage terms, there is a greater chance of achieving 
complete effectiveness in the transplant than the occurrence of 
factors predisposing to complications or death(18).

CONCLUSION

Bone marrow transplantation has become one of the most 
effective alternative treatments for patients with sickle cell anemia. 
Like all treatment methods, it has advantages and disadvantages for 
the patient, but based on several studies, it is the only method that 
can provide a cure. In a short time, it became accessible to the SUS 
(Unified Health System), but it still faces a serious problem, which 
is finding a compatible donor to perform the transplant.
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