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Abstract

Background and aims: Thalassemia is one of the most common hemoglobinopa-

thies, with around 5% of the world's population expected to have some degree

and type of thalassemia. Beta thalassemia (BT) occurs due to a deficient produc-

tion of the beta-globin chain of hemoglobin. Extramedullary hematopoiesis (EMH)

is one of the complications of BT, mainly observed in minor/intermedia subtypes.

EMH is the production of blood cells outside the marrow as a compensatory

response to longstanding hypoxia. Due to chronic transfusions, it is not expected

in patients with beta-thalassemia major (BTM). However, there are increasingly

reported cases of EMH in BTM. The incidence of EMH in BTM is thought to be

<1%. However, it seems that the true incidence is much higher than expected.

This review aims to pool the available data and provide cumulative evidence on

the reports of EMH in BTM patients.

Methods: We aim to conduct a systematic review via searching multiple electronic data-

bases (PubMed, Scopus, Google Scholar) to identify eligible articles from any date up to

December 2020. Eligible studies should report extramedullary hematopoiesis in BTM.

Case reports, case series, observational studies with cross-sectional or prospective

research design, case-control studies, and experimental studies will be included if found

relevant. Two reviewers (FA and ES) will individually analyze the study quality using the

statistical methodology and categories guided by the Cochrane Collaboration Handbook,

PRISMAguidelines, and Joanna Briggs Institute checklist for case reports and series.

Results: This study will analyze and incorporate the available evidence on EMH in BTM

concerning patient demographics, sites of EMH, management, and clinical outcomes

of EMH.

Conclusion: By summarizing and statistically analyzing the data about EMH in BTM,

this study will generate extensive knowledge on the topic for a better understanding

of atypical presentations in BTM, a common hemoglobinopathy.
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1 | INTRODUCTION

Thalassemia is a type of hypochromic microcytic anemia caused

by a lack of or decreased synthesis of hemoglobin's globin chain.1

One of its main subtypes is beta-thalassemia, which occurs as a

consequence of mutation of the beta-globin gene, resulting in a

decreased production of the beta-globin chain.2 Generally, beta-

thalassemia can be divided into two subtypes: transfusion-

dependent thalassemia (TDT) and non-transfusion-dependent

thalassemia (NTDT).3 TDT consists mainly of beta-thalassemia

major (BTM), and NTDT comprises beta-thalassemia minor and

beta-thalassemia intermedia.3 Depending upon the severity of the

thalassemia, patients can present with only incidental findings of

anemia, to significant clinical manifestations such as growth retarda-

tion, recurrent infections, hepatosplenomegaly, and heart failure.4 In

suspected patients (identified by incidental findings, screening pro-

grams, manifestations of thalassemia), a diagnosis can be made by

peripheral blood film, hemoglobin electrophoresis, and gene

analysis.3 Treatment for NTDT mainly comprises symptom allevia-

tion with infrequent blood transfusions, hemoglobin F augmenta-

tion, iron chelation, and splenectomy if needed. On the other hand,

treatment of TDT requires regular blood transfusions with iron che-

lation therapies and curative management via stem cell transplanta-

tion.3 With the advent of gene therapy, there is a promising future in

the curative management of BTM.5

One of the complications of beta-thalassemia includes EMH.

EMH is a condition in which blood production occurs outside the

physiological domain, the bone marrow. EMH can occur in various

organs, including the spleen, liver, lymph nodes, thymus, heart,

breasts, prostate, kidneys, adrenal glands, pleura, retroperitoneal

tissue, skin, peripheral and cranial nerves, and the spinal cord.6

EMH is more common in NTDT (20%) compared with TDT (1%).7

However, the prevalence of EMH as high as around 13% has been

reported in TDT patients in one study.8 Consequently, it has been

studied in NTDT more extensively compared with TDT, in which

data are limited mainly to case reports.9 Due to its rare occur-

rence, data related to EMH in TDT are scattered and need compi-

lation to provide cumulative evidence on its demographics, clinical

course, and more so, its management and outcomes. There is at

least one retrospective study and multiple case reports on EMH in

BTM with variable management strategies and outcomes.6-8,10 We

have conducted a thorough literature search and identified a total

of 254 patients with TDT and EMH. This systematic review will be

among the first ones to provide an aggregate evidence on demo-

graphics, management, and outcomes of EMH in TDT.

2 | METHODS

2.1 | Registration

The protocol is registered at PROSPERO: CRD42021242943.

2.2 | Inclusion and exclusion criteria

2.2.1 | Types of studies

Eligible studies (English language) should report EMH in BTM. All

articles, including clinical trials, case reports, case series, and obser-

vational studies (retrospective and prospective) from any date till

December 2020, will be included. Studies in languages other than

English will not be included.

2.2.2 | Participants

The study population will comprise the population of any age

(adults and pediatrics) who had EMH with a diagnosis of BTM. The

included patients should have a confirmed diagnosis of BTM and

should have a documented evidence of EMH diagnosed by

imaging ± biopsy.

Exclusion criteria include patients with beta-thalassemia variant other

than major (trait, minor, intermediate) of patients with BTM but no evi-

dence of EMH.

2.3 | Search terms and search strategy

We will follow MOOSE Guidelines for Meta-Analyses and Sys-

tematic Reviews of Observational Studies and the PRISMA-P

(Preferred Reporting Items for Systematic Reviews and Meta-

Analyses) guidelines to conduct this review and the protocol.11-13

Systematic searches will be performed in the following elec-

tronic databases: PubMed, Scopus, and Google scholar to identify

eligible articles to achieve the study objectives. The following

search term will be used “beta-thalassemia major” OR “transfusion-
dependent thalassemia” OR “TDT” and “Extramedullary hemato-

poiesis” OR “non-medullary hematopoiesis.” The search results

from the above databases will be downloaded into the citation

manager, where duplicates will be removed, and phase-wise

screening will be performed.
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2.4 | Study selection

Two reviewers (FA and ES) will independently screen the studies, and

any disagreements will be resolved by an independent screening of

the disputed articles by a third reviewer (MY) who will be blinded to

other reviewers' results. The results from each reviewer will be

counter-checked by the other reviewer to ensure the relevance of

included studies. Initially, all the added articles will be screened by

title, abstract, and keywords to remove irrelevant studies. Subse-

quently, a detailed screening will be performed by reading the full text

of the studies to finalize articles for the review. Finalized articles will

also be manually screened to detect eligible studies from the refer-

ences. A PRISMA flowchart will be formulated for the whole selection

process (Figure 1).

2.5 | Data collection

Three reviewers (ES, HC, and FA) will divide the articles and extract

the data from the finalized articles into the data extraction sheet. The

results of each member will be counter-checked by another member

among the group to avoid errors during data collection.

The data collection sheet will comprise of a digital object identi-

fier, author name, study title, year of publication, type of study,

patient demographics (number of patients, gender, age, nationality,

body mass index), age at diagnosis of BTM, method of diagnosis of

BTM, treatment of BTM, age at diagnosis of EMH, symptoms at pre-

sentation with EMH, site of EMH, laboratory values at presentation

(including complete blood count, Hgb electrophoresis, where avail-

able), imaging modalities used to diagnose EMH, histopathology

details of EMH, management, and outcome.

2.6 | Outcome measurement

The outcomes of the study will be divided into resolved (resolution of

EMH), not resolved, progressed, and died.

2.7 | Statistical analysis

The demographical and clinical parameters of the study population

will be described via descriptive and summary statistics. All the contin-

uous variables will be provided as means (±SD) or median (inter-

quartile range) as required. Additionally, categorical variables were

provided as numbers with percentages.

2.8 | Assessment of methodological quality (risk
of bias)

Two members (FA and ES) will assess the study's validity using the

methodological methods and categories outlined in the Cochrane Col-

laboration Handbook, as well as PRISMA and other relevant guide-

lines. The GRADE assessment tool will be used to assess the quality

of retrospective and prospective studies, whereas Joanna Briggs Insti-

tute (JBI) critical appraisal tools will be used to assess the quality of

case reports and series.14,15 If the members reach a disagreement, the

third reviewer (MY), who will be blinded to other reviewers' results,

will review the disputed studies to reach a conclusion.

3 | DISCUSSION

EMH has been observed in various pathologies, including infection,

malignancies, anemias (including beta-thalassemia), and metabolic

stress.16 In thalassemia, it is much more common in NTDT compared

with TDT. In TDT, it is seen mainly in those patients in whom erythro-

poiesis is not adequately restricted by chronic transfusions.7 In one of

the most extensive study cohorts of BTM patients with EMH, Ricchi

et al compared the demographics and outcomes of patients with and

without EMH.8 The authors found clinically and statistically significant

differences in various parameters, including age at presentation, ageF IGURE 1 A PRISMA flowchart for the whole selection process
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at first transfusion, age when the regular transfusion was started, duration

of regular transfusions, age at the initiation of chelation therapy, frequency

of splenectomy, and serum ferritin levels among other parameters. The

authors reported EMH mainly in the thoracic-dorsal cord (98.8% of

patients). In general, EMH is managed by hydroxycarbamide, transfusion

therapy, radiotherapy, surgical intervention, or a combined management

strategy can be applied.7

In our academic institute, we encountered two patients, in dif-

ferent timelines, with EMH in BTM. Both patients were managed

by radiotherapy with excellent outcomes.6,10 Our experience

prompted us to explore the available literature on the management

and outcomes of EMH in patients with TDT. The prevalence of

EMH is quite variable, ranging from 1% to 13%.8 However, analysis

of the limited retrospective studies and multiple case reports sug-

gests that outcomes in patients managed for EMH in TDT are good.

Although there is no agreed-upon treatment guideline in such

patients, various modalities have an excellent response, including

conservative management such as blood transfusions and treat-

ments such as radiotherapy and surgical decompression.6 This sys-

tematic review will focus on combining the reported prevalence,

demographics, clinical course, management, and outcomes in these

patients in an attempt to provide better evidence to formulate clear

management guidelines.
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