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Dear transplant colleagues

In 2019 we celebrated the 40th anniversary of the first bone marrow transplant (BMT) in our country, with 

the pioneering spirit of Professor Ricardo Pasquini, Eurípides Ferreira and his team, a fact that was un-

doubtedly a milestone and the driving force for us to arrive where we are. Today, we are 84 BMT-enabled 

centers in Brazil and we have seen the great success of these teams, demonstrating a process of matura-

tion of our transplant recipients.

Our company was founded in 1996 by a group of specialists and within this same premise. Today we are 

prominent in the worldwide transplanting community, having entered into several partnerships with in-

ternational entities, such as ASCT, LABMT, CIBMTR, FACT, among others.

We have a research group at GEDECO (Grupo de Estudo Doença Enxerto Contra o hospedeiro e compli-

cações tardias) ,coordinated by our dear Dr. Mary Flowers and Dr Afonso Celso Vigorito. This started small 

as a group of studies on graft disease and because of its quality and empathy, it has now become the 

gateway to cooperative studies on various topics in our society. SBTMO also maintains a Pediatrics Group, 

a flow cytometry group, a multidisciplinary group and one of data managers. Every two years, a consensus 

of indications and complications of transplants is performed, which serves as a guide for the guidance of 

specialists and public policies.

Faced with this scenario, in a natural way, arose the need to have a journal that could disseminate the work 

of this scientific community, doctors and multidisciplinary professionals, thus strengthening our interac-

tion with transplantation professionals from various countries.

It is with this spirit of joy and hope that we launched this volume of JBMCT, Journal of Bone Marrow Trans-

plantation and Cellular Therapy, which will certainly be a periodical to publicize the work of all those who 

believe that science , research and caring for patients, is the best way to improve our walking.

Fernando Barroso Duarte                                                                                                                                           Nelson Hamerschlak
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INTRODUCTION
In 2021 the Brazilian society of stem cell transplan-
tation and cell therapy published the consensus 
guidelines regarding hematopoietic stem cell trans-
plantation (HSCT) for hemoglobinopathies1 (Costa 
et al., 2021). The current recommendations are de-
tailed in table 1. 

THALASSEMIA MAJOR 
No changes have been added for thalassemia. HSCT 
with a matched sibling donor (MSD) or a related cord 
blood is the treatment of choice for young patients 
with transfusion dependent thalassemia2-4. Matched 
unrelated and haploidentical HSCT, using bone mar-
row graft, are a clinical option. Pre-transplant immuno-
suppression should be considered for Pesaro class 35-7.

SICKLE CELL DISEASE
Indications for HSCT in sickle cell disease (SCD) 
are summarized in table 2. Conditioning regimen 
should be myeloablative for patients  16 years old. 
For adults, fludarabine, busulfan and ATG is a safe 
and effective regimen1,8,9. The chemo-free regimen 
with alemtuzumab and TBI, pioneered by the NIH 
group, was successfully reproduced by other centers 
and is a good option for adults and patients with 
established organ damage10. Haploidentical HSCT 

DOI: 10.46765/2675-374X.2023V4N1P183
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CONSENSUS UPDATE

with post-transplant cyclophosphamide has been 
used worldwide for almost all diseases and, in SCD, 
showed high rejection rates in the beginning. Im-
provements in the conditioning regimen were per-
formed, including the use of pre-transplant immu-
nosuppression, the increase in TBI dose from 2 cGy 
to 4 cGy and the addition of thiotepa, which signifi-
cantly reduced rejection rates5,11-13. We consider hap-
loidentical transplant as a clinical option in children 
with significant neurological alteration and in adults 
with the established indications.

SHOULD HSCT BE OFFERED TO ALL YOUNG CHILDREN 
WITH AN HLA IDENTICAL SIBLING DONOR? 

The optimal timing for HSCT in SCD with MSD is 
not well established. Previous international reports 
showed excellent outcomes in young children. Pa-
tients younger than 5 years old had a 12% increase 
in overall survival (OS) and event free-survival (EFS) 
compared to those undergoing HSCT with 15 years or 
older. The risk of grade 2-4 acute graft-versus-host dis-
ease (GVHD) and chronic GVHD is significantly higher 
in patients older than 15 years old14,15.  Despite poten-
tial complications of HSCT (GVHD, gonadal dysfunc-
tion), transplantation at an earlier age may prevent or-
gan dysfunction, strokes, iron overload and improve 
patients’ quality of life16-19. Therefore, an early referral 
to HSCT is strongly recommended.
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HOW TO BALANCE THE RISK OF THE HSCT AND 
DISEASE IN ADULTS WITH SICKLE CELL DISEASE?
The medical dilemma in older SCD patients will be the 
assessment of established organ damage and the risk 
of transplantation. Timing of transplant will also be 
important for choosing the best available donor. The 
clinical course of SCD is extremely variable and no val-
idated genetic risk score has been established so far. 
Most of the risk scores use phenotypic characteristics 
together with laboratory biomarkers and imaging pa-
rameters to define outcomes in SCD20. 

Several adult-specific risk models have been more 
recently described. One model was based on 
SCD-related multiple chronic conditions. This mod-
el includes several established clinical complications 
of the disease and considers any of them to define 
high-risk disease. Patients with one complication 
(stroke any significant neurological event, pulmo-
nary hypertension, recurrent priapism, retinopathy, 
chronic arthritis, leg ulcers or psychiatric diseases) 
had a lower OS and should be carefully evaluated 
before indication of HSCT21. Another model is the 

Phenotypic risk score for prediction of mortality in 
sickle cell disease (PReMSCD). An online risk score 
calculator is available at https://dir.nhlbi.nih.gov/
lab/echo/PReMSCD/. The authors included 600 pa-
tients with  18 years old (median age of 33.5 years). 
With this model it has been possible were able to di-
vide the patients in 4 well defined risk scores. These 
risk scores can help when considering HSCT for 
adults with SCD22. Considering the transplant related 
mortality, only one specific risk score was published. 
Wich score considers only age and type of donor. 
Children < 12 years old and MSD are considered in 
the low-risk category (EFS of 92%). Patients over 16 
years with an MSD donor are considered as interme-
diate risk. All other types of donors and age older 
than 16 years are considered high risk20. This again 
favors an early referral to a transplant center for chil-
dren with SCD. The hematopoietic cell transplanta-
tion-specific comorbidity index (HCT-CI), validated 
for hematological malignancies, were never validat-
ed for SCD, but should also be applied and can help 
guide transplant decisions23. 

HLA identical sibling donor (bone 
marrow or cord blood graft)

Unrelated donor                   
(bone marrow graft)

Haploidentical donor
(bone marrow graft)

Transfusion dependent 
thalassemia Standard of care 

HLA identical (10/10)
AND

HLA DPB1 identical or with 
permissive mismatch

Clinical option 

Sickle cell disease Standard of care Not recommended Clinical option

TABLE 1. Hematopoietic stem cell transplantation for hemoglobinopathies.

CHILDREN ADULTS

Patients who are using hydroxyurea and/or chronic transfusion and 
present at least one of the following complications: 

1)  Neurological alteration due to stroke, any neurological alteration 
persisting for more than 24 hours, altered imaging or cerebrovascular 

disease associated with sickle cell disease
2) Two or more severe vaso-occlusive crises (including acute chest 

syndrome) in the last year
3) More than one episode of priapism

4) Presence of more than one antibody in patients on a 
hypertransfusion regimen

5) Osteonecrosis in more than one joint

Same general indications for children. 
Consider also: 

1) Administration of regular RBC transfusion therapy, 
defined as receiving 8 or more transfusions per year for 1 
year to prevent vaso-occlusive clinical complications (ie, 

pain, stroke, and acute chest syndrome)
2)    An echocardiographic finding of tricuspid valve 

regurgitant jet > 2.7 m/s

Absence of severe comorbidities that can increase transplant related mortality.

HSCT, hematopoietic stem cell transplantation; RBC, red blood cell.

TABLE 2. Indications for allogeneic HSCT in sickle cell disease.
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INTRODUCTION
The treatment of multiple myeloma (MM) has im-
proved gratly in recent years. Given these advances, 
many question the need to use autologous HSCT in 
the first line. Still, despite the remarkable evolution 
of drug treatment, autologous HSCT remains essen-
tial in the approach of first-line therapy for patients 
with symptomatic MM eligible for this therapeutic 
modality, regardless of risk stratification or assess-
ment of minimal residual disease after induction 
therapy.

UPDATE
Although the recommendations made in the last 
HSCT consensus document for MM remain un-
changed1, new studies have been published and 
below, we highlight the findings of the two most im-
portant ones, concerning patients eligible for trans-
plantation.

The first under consideration is the DETERMINA-
TION2, which was initially created as a parallel study 
to the IFM 2009, but has been changed to include 
the use of maintenance therapy with lenalidomide 
until disease progression in both the RVD alone 
group and the RVD followed by autologous HSCT. 
In this study, patients were randomized to receive, 
after three cycles of RVD, autologous HSCT followed 
by two more cycles of RVD or three more cycles of 
RVD. Although there was no difference in overall 

survival, patients undergoing autologous HSCT had 
more remarkable progression-free survival, confirm-
ing a finding from the 2009 IFM and responding to a 
criticism of this study that maintained lenalidomide 
for only one year. 

Another relevant study was the FORTE3, which ran-
domly evaluated the use of carfilzomib in association 
with cyclophosphamide and dexamethasone (KCd), 
followed by autologous HSCT or in association with 
lenalidomide and dexamethasone (KRd), followed or 
not by autologous HSCT. This study was critical be-
cause, one of the reasons that would justify not using 
autologous HSCT in the first line would be the more 
significant number of severe side effects related to 
this therapy, which was not verified, when compar-
ing the KRd group with or without autologous HSCT. 
Patients who received KRd with autologous HSCT 
showed clinically significant benefit, compared with 
KRd without HSCT or KCd plus HSCT.

A piece of data that may lead to a need for a future 
change in the document generated in 20201, but 
which still needs more studies for its incorporation, 
was the benefit of the association of carfilzomib with 
the maintenance of lenalidomide3, evaluated in the 
second randomization after the end of the three lines 
of treatments, because, in addition to demonstrating 
more adverse events than the isolated use of lenalid-
omide, it can impact the quality of life because it is 
used parenterally and may not present many bene-
fits to patients undergoing transplantation.

DOI: 10.46765/2675-374X.2023V4N1P179
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Thus, we maintain the recommendations and evi-
dence levels of the document generated in 2020, in-
cluding those for allogeneic HSCT, whether for MM, 
as well as for amyloidosis, highlighting the need to 
incorporate more therapies for these patients, mainly 

in the public health system and the importance of im-
proving access to autologous HSCT for patients with 
MM, who are the most submitted to transplantation 
in Brazil4, but which is still not offered to most patients 
treated outside the supplementary health system.
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3. Gay F, Musto P, Rota-Scalabrini D, et al. Carfilzo-
mib with cyclophosphamide and dexametha-
sone or lenalidomide and dexamethasone plus 

autologous transplantation or carfilzomib plus 
lenalidomide and dexamethasone, followed 
by maintenance with carfilzomib plus lenalid-
omide or lenalidomide alone for patients with 
newly diagnosed multiple myeloma (FORTE): 
a randomised, open-label, phase 2 trial. Lancet 
Oncol. 2021;22(12):1705-20. 

4. SBTMO. Registro multicêntrico de TCTH Brasile-
iro [Internet]. Rio de Janeiro; 2022 [cited 15 Dez 
2021]. Availble from: https://sbtmo.org.br/regis-
tro-multicentrico-tcth/
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This summary is intended to update the Brazilian 
Society of Bone Marrow Transplantation and Cellu-
lar Therapy (SBTMO) 2020/1 consensus on HSCT for 
Acute Myeloid leukemia (AML)1. 

With advances in molecular medicine and target 
therapies, there has been significant improvement 
in the treatment of acute myeloid leukemia (AML) in 
recent years. Molecular pathways in leukemia cells 
such as the ones that leads to uncontrolled prolifera-
tion (FLIT3), differentiation blockage (IDH), or prevent 
apoptosis (BCL2), to mention only some involved in 
leukemia development, can now be targeted. This 
improvement came along with better quality of live 
and longer survival in some AML groups since target 
therapy, potentially toxic to the hematopoietic sys-
tem, have very low systemic side effects when com-
pared to chemotherapy (CT) alone and as such can 
be utilized in this predominantly elder population of 

DOI: 10.46765/2675-374X.2023V4N1P184
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patients. There are additional target drugs been de-
veloped to different pathways that will include other 
subtypes of AML such as secondary AML and TP53 
mutated AML that, for now, remain challenging sub-
types. CAR-T cell technology is also in development 
and its impact in AML treatment is eagerly awaited. 

Both, WHO2 and European LeukemiaNet (ELN)3 (Table 
1) recently published new guidelines including addi-
tional genetic abnormalities for risk categorization as 
well as number of blasts’ thresholds for AML diagnosis. 
Although in those patients without specific mutations 
> 20% blasts are necessary for AML diagnosis, those 
with defined mutations should be diagnosed with > 
10% of blasts either at the peripheral blood or bone 
marrow. In addition, a new category called SMD/AML 
syndrome was introduced where >10% of blasts with 
defined mutations are present and these patients are 
eligible to be treated either as SMD or AML3. 
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TABLE 1:  ELN and WHO’ defined AML mutations

ELN 
(Blasts ≥ 10% in PB or BM) OMS                                

Promyelocytic Leukemia
t(15;17)(q24.1;q21.1)/PML::RARA

Promyelocytic Leukemia
with PML::RARA 

AML with t(8;21)(q22;q22.1)/RUNX1::RUNX1T1 AML with RUNX1::RUNX1T1

AML with  inv(16)(p13.1q22) or
t(16;16)(p13.1;q22)/ CBFB::MYH11 AML with CBFB::MYH11 

AML with t(v;11q23.3)/ rearranged KMT2A  AML with rearranged KMT2A

AML with t(6;9)(p23;q34.1)/ DEK::NUP214 AML with fusion DEK::NUP214

AML with inv(3)(q21.3q26.2)
or t(3;3)(q21.3;q26.2)/ GATA2, MECOM(EVI1) AML with rearranged MECOM

AML with rare translocations AML with fusion RBM15::MRTFA
AML with rearranged NUP98

AML with mutated NPM1  AML with mutated NPM1

AML with mutated CEBPA bZIP in-frame AML with mutated CEBPA

AML with t(9;22)(q34.1;q11.2)/BCR::ABL1* AML with mutated BCR::ABL1

AML (≥ 20% of PB or BM blasts) or AML/MDS (10 to 19% of 
PB or BM blasts) AML with defined somatic mutations related to MDS 

With TP53 mutation Complex karyotype with 3 or more abnormalities del(5q)/t(5q)/
ad(5q), -7/del(7q)/ad(7q), del 11q, del(12p)/ t(12p)/(ad(12p), 
-13/ del13q,  i(17q), -17/ad(17p)/del(17p), del(20q), or  idic(X)

(q13)

ASXL1, BCOR, EZH2, SF3B1, SRSF2, STAG2, U2AF1, o ZRSR2

With defined mutation related to MDS (ASXL1, BCOR, EZH2, 
RUNX1, SF3B1, SRSF2, STAG2, U2AF1, o ZRSR2)

With defined mutation related to MDS: complex karyotype and/
or del(5q)/t(5q)/ad(5q), -7/del(7q), +8, del(12p)/ t(12p)/(ad(12p), 

i(17q), -17/ad(17p)/del(17p), del(20q), or  idic(X)(q13)

Non specified AML AML defined by blast maturation 

Myeloid Sarcoma Myeloid Sarcoma

Down Syndrome related myeloid proliferation

Down Syndrome related TAM -

Down Syndrome related AML -

Plasmacytoid dendritic cells neoplasm Plasmacytoid dendritic cells neoplasm

Ambiguous lineage leukemia Ambiguous lineage leukemia

Undifferentiated acute leukemia Undifferentiated acute leukemia

Mixed Phonotype AL with t(9;22)(q34.1;q11.2)/ BCR::ABL1 Mixed Phonotype AL with t(9;22)(q34.1;q11.2)/ BCR::ABL1

Mixed Phonotype AL with t(v;11q23.3)/ rearranged KMT2A  Mixed Phonotype AL with t(v;11q23.3)/ rearranged KMT2A 

Mixed Phonotype AL with B/myeloid, no specified Mixed Phonotype AL with B/myeloid, no specified

Mixed Phonotype AL with T/myeloid, no specified Mixed Phonotype AL with T/myeloid, no specified

Ambiguous lineage AL with rearranged ZNF384
Ambiguous lineage AL with rearranged BCL1B

Diagnostic qualifiers Secondary AML

Therapy related AML Therapy related AML

MDS’ secondary AML AML-MR secondary to Myelodysplasia 

MDS/Myeloproliferative’ secondary AML AML-MR secondary to Myelodysplasia

Germline predisposition related AML) Germline predisposition related AML 

*< 20% of blasts can be CML in blastic phase, TAM: Transient Abnormal Myelopoiesis; MDS: myelodysplastic syndrome; AML: acute myeloid leukemia, AL: acute leukemia
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MINIMAL RESIDUAL DISEASE (MRD)
The prognostic value of measurable MRD at deter-
mined treatment timepoints is now very well defined 
and once measured by the appropriate methods can 
be superior to the genetic risk categorization4,5. Mul-
tiparametric Flow cytometry (MFC) to measure it is 
validated but not yet completely standardized6; that 
is why the SBTMO MRD Working Group strongly rec-
ommends that MFC must be done in a well-equipped 
laboratory with expertise in such measurements. In 
Brazil, there are a few laboratories that can offer ex-
pertise assistance. 

RT-PCR is indicated for MRD measurement only in 
PML:RARA, CBF LMA, and NPM1 mutated AML7  how-
ever, MFC should also be done to be sure there is no 
additional AML clones. Except for FLT3-ITD which 
detection by NGS appears to identify patients with 
high risk of relapse and death8, NGS methodology to 
measure MRD is not yet well validated and should 
also be accompanied by MFC. 

The recommendations for MRD assessment are after 
the second CT cycle, after consolidation, </= 4 weeks 

before HSCT; after transplantation there is no consen-
sus on which time points it 

should be measured. MFC should be measured in bone 
marrow samples while RT-PCR can be done in periph-
eral blood6. The SBTMO MDR Working Group recom-
mendation is that MFC MRD measurement should be 
the preferred method utilized in the mentioned time 
points intercalated with RT-PCR when indicate.

 ALLOGENEIC HSCT IN FIRST COMPLETE REMISSION 
The new ELN risk categorization includes new genetic 
alterations and genetic predisposition mutations that 
influence treatment outcome (Table 2). Those prog-
nostic risk factor should be utilized along with minimal 
residual disease (MRD) measurement during treatment 
to guide therapeutic strategies. Intermediate and high-
risk AML are potential candidates for HSCT provided 
age related and comorbidities scores are applied and 
favorable. With the MRD measurement quality im-
proved and validated it adds a treatment response cri-
terion that should be taken into consideration for HSCT 
indication irrespective of the risk category. Patients with 
ELN favorable risk with positive MRD (>0.1%) should be 
considered for HSCT, if eligible9. 

TABLE 2. 2022 LNT risk stratification 

RISK CATEGORY GENETIC ABNORMALITY

Favorable

t(8;21)(q22;q22.1); RUNX1::RUNX1T1

inv(16)(p13.1q22) or t(16;16)(p13.1;q22); CBFB::MYH11

NPM1 mutation without FLT3-ITD 

MCEBPA b-ZIP mutation in frame

Intermediary

NPM1 mutation with FLT3-ITD

NPM1wt with FLT3-ITD (without additional adverse abnormalities) 

t(9;11)(p21.3;q23.3)/MLLT3-KMT2A

Genetic abnormalities not classified as favorable or adverse 

Adverse

t(6;9)(p23;q34.1)/DEK::NUP214

t(v;11q23.3)/rearranged KMT2A  

t(9;22)(q34.1;q11.2)/ BCR::ABL1

t(8;16)(p11;p13)/KAT6A::CREBBP

inv(3)(q21.3q26.2) or t(3;3)(q21.3;q26.2)/GATA2,MECOM(EVI1)

−5 or del(5q); −7; −17/abn(17p)

Complex karyotypes, monosomies 

ASXL1, BCOR, EZH2, RUNX1, SF3B1, SRSF2, STAG2, U2AF1, ZRSR2 mutations

TP53 mutation
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In a retrospective  CIBMTR analysis10, including 3113 
patients submitted to MAC or RIC conditioning regi-
men alloHSCT, the number of CT cycles to obtain CR, 
CR consolidation, and measurable MRD pre transplant 
impact on outcomes were recently evaluated. OS and 
RFS were superior in patients that obtained CR in the 
first cycle and in those who received CR consolidation. 
Detection of measurable MRD before myeloablative 
conditioning regimens (MAC) allotransplant had no 
influence in outcomes, while it did have when present 
before reduced intensive regimens (RIC) alloHSCT. For 
patients obtaining CR after 2 or 3 CT cycles, while hav-
ing an inferior RFS or OS then those in CR after a single 
cycle, outcomes were superior to patients transplant-
ed with primary induction failure. In spite that retro-
spective studies always have caveats, the SBTMO AML 
Study Group recommends that this data should be 
taken in consideration.  

CONDITIONING REGIMENS
Although myeloablative conditioning regimens are 
the preferred strategy for HSCT in AML, patients with 
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INTRODUCTION
According to the World Health Organization, my-
eloproliferative neoplasms (MPN) are defined as 
clonal diseases caused by proliferating hematopoi-
etic progenitor cells. They can be divided into Phil-
adelphia-positive - chronic myeloid leukemia (CML) 
– and Philadelphia-negative disorders - primary 
myelofibrosis (PMF), polycythemia vera (PV), and 
essential thrombocythemia (ET)1. This document is a 
2022 update and summary of the recommendations 
of the Brazilian Society of Bone Marrow Transplanta-
tion Consensus Panel convened in 2020 for this field.

PHILADELPHIA-POSITIVE MYELOPROLIFERATIVE 
DISEASE

Chronic Myeloid Leukemia: Summary of 
Recommendations
1. Imatinib mesylate, nilotinib, bosutinib or dasat-
inib are the treatments of choice for newly diag-
nosed chronic phase (CP) chronic myeloid leukemia 
(CML)2-10 (1B).
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2. The main indications for hematopoietic stem cell 
transplantation (HSCT) for adult CML patients in the 
tyrosine kinase inhibitor (TKI) era:

a. Advanced phase disease: In accelerated phase 
(AP), HSCT should be indicated if the response to 
second generation TKI therapy (dasatinib, nilotinib 
or bosutinib) is suboptimal, or in case of a T315I 
mutation when ponatinib or asciminib is unavail-
able11-17. In blast crisis (BC), it should always be 
considered, preferably after a preliminary course 
of TKI therapy with or without chemotherapy18,19 
(2B).

b. Chronic Phase: in case of failure of imatinib, in 
accordance with the European LeukemiaNet 2020 
recently updated criteria, in the absence of a T315I 
mutation, a second generation TKI should be started. 
In case of TKI failure, consider third generation TKI 
therapy (ponatinib, asciminib) or HSCT, if the former 
is unavailable19 (19) (1B).

d. T315I mutation, if ponatinib or asciminib is un-
available15,18,19 (1B).
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3. For young patients with an HLA-identical relat-
ed or unrelated donor, myeloablative conditioning 
(MAC) should be used. Reduced intensity (RIC) or 
non-myeloablative conditioning should be reserved 
for patients over 60 years of age and/or with signifi-
cant comorbidities20-23(1B).

4. Graft-versus-host disease (GVHD) prophylaxis 
should be based on a calcineurin inhibitor (cyclo-
sporin, tacrolimus) plus methotrexate. In a long-term 
follow-up analysis, triple immunosuppressant-based 
prophylaxis with methylprednisolone resulted in 
better overall survival, but these results are yet to 
be confirmed in larger, prospective studies (1B)24,25. 
Post-transplantation cyclophosphamide should be 
used for mismatched unrelated and haploidentical 
donors (26) (1B).

5. Bone marrow, if available, is the preferred stem 
cell source in patients with CP CML. Patients with 
advanced disease should receive peripheral blood 
stem cells (PBSC). Alternative stem cell sources, such 
as umbilical blood cord (UBC), can be used in the ab-
sence of other available sources27–30we conducted 
an individual-patient data meta-analysis using data 
from nine randomized trials enrolling 1,111 adult 
patients. Results: Compared with BMT, PBSCT led to 
faster neutrophil (odds ratio [OR] = 0.31; 95% CI, 0.25 
to 0.38; P < .00001 (1B).

6. Matched or mismatched unrelated donors or hap-
loidentical transplants are acceptable in the absence 
of an HLA-identical sibling donor26,31 (1A).

7. Post-transplant monitoring of BCR-ABL using 
real time quantitative polymerase chain reaction 
(RT-qPCR) should be performed every three months, 
during the first two years, and every six months, up 
to five years post-transplant. This should be followed 
by yearly monitoring from then onwards32–34 (2B).

8. Molecular relapse is defined as progressively in-
creasing BCR-ABL/ABL1 gene transcripts in at least 
two consecutive results and loss of major molecular 
response (>0,1%)34 (2B).

9. Use of imatinib mesylate and of second genera-
tion TKIs (dasatinib, nilotinib or bosutinib) does not 
seem to affect the occurrence of early transplant-re-
lated toxicity, nor to delay engraftment. Similarly, it 
does not seem to affect survival, relapse, or non- re-
lapse mortality35–38(2B).

10. In case of molecular relapse, consider donor 
lymphocyte infusions (DLI) at escalated doses (1 x 
106, 5 x 106, 1 x 107, 5 x 107, 1 x 108 CD3+ cells/kg) 
at three-month intervals. In case of cytogenetic or 
hematologic relapse, consider DLI at escalated dos-
es at three-month intervals, starting at 1 x 107 CD3+ 
cells/kg, or consider use of TKI. Subsequent DLI dos-
es should not be administered if a satisfactory re-
sponse is obtained or in case chronic GVHD ensues. 
In case of unrelated or haploidentical related donors, 
start at a DLI dose 1-2 log lower than that depicted 
above (1B). In case of hematologic relapse in CP or 
cytogenetic relapse, consider DLI, starting at higher 
escalated doses (1 x 107, 5 x 107, 1 x 108 CD3+ cells/
kg), or TKI, or a combination of these. In case of he-
matologic relapse in AP or BC, consider the use of a 
TKI plus DLI39–44(1B).

11. Imatinib mesylate, nilotinib, bosutinib or dasat-
inib are currently acceptable alternatives to DLI for 
the treatment of post-transplant relapse of CML, or 
in cases where relapse occurs in the setting of chron-
ic GVHD (2B). TKIs may also be combined with DLI in 
the management of such cases, with better overall 
responses (2B). Prompt and long-lasting responses 
are usually seen under TKI therapy for CML relapsing 
in CP (2B). Response tends to be worse and less du-
rable in AP or BC relapse45,46 (2B).

12. In patients previously resistant or intolerant to 
imatinib mesylate, consider using a second gener-
ation TKI (nilotinib, bosutinib or dasatinib), when 
deciding upon use of a TKI alone or in combination 
with DLI (2B). In patients previously resistant or intol-
erant to more than one TKI, consider using a previ-
ously unused TKI, or opt for DLI without a TKI, in the 
absence of chronic GVHD45,46 (2B).

13. Consider using post-transplant TKI prophylax-
is for two years in patients at a high risk for relapse 
(>1st CP and AP/BC)47–51 (2B).

14. In case a post-transplant BCR-ABL fusion gene 
mutation is detected, the mutational profile should 
be taken into account when choosing the most ap-
propriate TKI for prophylaxis or preemptive therapy 
in this setting52(2B).

15. A second allogeneic HSCT may be considered in 
case of TKI- and/or DLI- resistant relapse following a 
first transplant, if a suitable donor is available, in the 
absence of contraindications to transplant53 (2B).
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TABLE 1. European LeukemiaNet 2020 chronic myeloid leukemia treatment recommendations

Prevention by elimination of BCR-ABL1 Assurance of effective TKI treatment

Early: emergence of high-risk ACA
Observe closely, consider intensification of treatment 

(ponatinib, early allo-HSCT)

Blast crisis at diagnosis Start with imatinib, change to a 2nd generation TKI 
according to mutational profile.

Resistance to second generation TKI  Ponatinib or clinical trial, consider HSCT, donor search.

Ponatinib failure High risk of progression, early allo-HSCT recommended.

Accelerated phase Treat as high-risk patients; proceed to allo- HSCT if 
response to TKI is not optimal.

Progression to blast phase 

Poor outcome with currently available TKIs.
Add chemotherapy based on AML regimens for myeloid 

BC (such as dasatinib or ponatinib + FLAG-IDA) or ALL 
regimens for lymphoid B CP (such as imatinib or dasatinib 

+ hyperCVAD).
Choice of TKI based on prior therapy and mutational status.

Proceed to allo-HSCT soon after CP2 is achieved.

Adapted from: Hochaus, A, et al. Leukemia 2020;34(4):966-984 (19).

ACA: additional chromosomal aberrations; ALL: acute lymphoblastic leukemia; allo- HSCT: allogeneic hematopoietic stem cell transplant; AML: acute myeloid leukemia; 
BC: blast crisis; CVAD: cyclophosphamide + vincristin + doxorubicin + dexamethasone; 2CP: second chronic phase; FLAG-IDA: fludarabin + cytarabin + granulocyte-colony 
stimulating factor + idarubicin; HiperCVAD: hyperfractionated CVAD; TKI: tyrosine kinase inhibitor.

TABLE 2. Recommendations for post-HSCT monitoring and relapse therapy in CML patients (32-46)

TIME AFTER HSCT MONITORING RESULT INTERVENTION

2 years Quantitative RT-PCR every 3 
months (level 2b)

Molecular relapse: 
increasing BCR-ABL/ABL 

ratio in two measures: 
relapse cutoff defined by 

local lab (2B)

Consider escalated dose DLI. For 
related transplants: CD3+/Kg: 106®5 
x 10 6 ®10 7® 5 X 107 ® 108 every 3 

months. For unrelated transplants:  1 
log less:

105 ® 5 X 105 ®106 ® 5 X 106 ® 107 
Hold dose if chronic GVHD signs or 

symptoms (1B)

3-5 years Quantitative RT-PCR every 6 
months (level 2b)

After 5 years Quantitative RT-PCR every year 
(level 2b)

Any time Cytogenetics if positive PCR (level 
2b) Cytogenetic relapse Consider DLI as above (1B) and 

imatinib (2B)

Any time Complete blood count Hematologic relapse Consider DLI as above (1B) and 
imatinib (2B)

DLI = donor lymphocyte infusions; GVHD = graft-versus-host disease; RT-PCR = real time polymerase chain reaction
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PRIMARY MYELOFIBROSIS, POLYCYTHEMIA 
VERA, ESSENTIAL THROMBOCYTHEMIA

INTRODUCTION
According to the World Health Organization, my-
eloproliferative neoplasms (MPN) are defined as 
clonal diseases caused by proliferating hematopoi-
etic progenitor cells. The most common Philadel-
phia-negative disorders are primary myelofibrosis 
(PMF), polycythemia vera (PV), and essential throm-
bocythemia (ET)1. 

STRATIFICATION
Patients with PMF often have a dismal prognosis, 
with a mean overall survival of only six years after di-
agnosis54. Even so, the clinical course is highly hetero-
geneous, and survival may vary from a few months 
to more than 10 years55. Therefore, prognosis may be 
better estimated by several scoring systems, among 
which the Dynamic International Prognostic Scor-
ing System plus (DIPSS plus)56 is one of the most ap-
plied. According to this prognostic model, patients 
stratified as low risk present a median survival of 185 
months, which decreases to 78 months in intermedi-
ate-1 risk patients, 35 months in the intermediate-2 
subgroup, and 16 months in the high-risk category56. 

Polycythemia vera and essential thrombocythemia, 
in turn, have a more favorable prognosis, and pa-
tients should only be referred for allogeneic HSCT in 
case myelofibrosis or leukemic transformation has 
developed (2B). At fibrotic phase PV or ET, the MY-
SEC prognostic index can be used (http://www.my-
sec-pm.eu). It has been shown to be able to stratify 
these patients into four categories: low risk (median 
survival not reached; intermediate-1: median sur-
vival 9.3 years), intermediate-2 (median survival 4.4 
years) and high risk (median survival two years) 57.

MUTATIONS
Mutational profiling, including CALR, MPL, JAK2, 
ASXL1, EXH2, SRSF2, IDH1/2 and U2AF1 mutations, 
should be performed, whenever possible, to allow 
for the Mutation Enhanced International Prognos-
tic Scoring System 70+ v2.0 (MIPSS70+ v2.0) 58 and 
the Clinical-Molecular Myelofibrosis Transplant Scor-
ing System (MTSS)59 to be applied, given their abil-
ity to estimate post-transplant outcomes based on 
disease-, patient-, and transplant-related factors. 
This may aid in the clinical decision-making process 
when assessing eligibility for transplantation. Such 
prognostic models should not, however, replace the 
DIPSS plus score when assessing these patients (2B).

INDICATION
Allogeneic HSCT remains the only curative option for 
myelofibrosis patients to date. Not all patients, howev-
er, benefit from this procedure. Hence, we recommend 
that transplant indication be based on the DIPPS or 
DIPPS plus score, whereby allogeneic HSCT should be 
performed in intermediate-2 and high-risk patients60–63. 
HSCT may sometimes be considered for patients clas-
sified as intemediate-1 risk63, particularly in younger 
patients and those with high transfusion dependency, 
more than 2% blasts in peripheral blood, or with an 
unfavorable karyotype. Other scoring systems, namely 
the MIPSS70+ v2.0 and the MTSS, may further assist in 
the clinical decision-making process63 (2B).

CONDITIONING REGIMEN INTENSITY
It has not yet been defined what the ideal conditio-
ning regimen is in transplantation for PMF patients. 
Given the patients’ average age at diagnosis, most 
regimens will be of reduced intensity, the ideal dose 
of which is not established. For patients under the 
age of 50, we recommend MAC; for those over 50 
years old, RIC64-66, which usually consists of fludara-
bine associated with busulfan or melphalan some-
times associated to thiotepa67. Despite no evidence 
of superiority between conditioning regimens, the 
melphalan regimen seems to obtain greater control 
of the disease, albeit with higher non relapse mor-
tality than the regimen with busulfan, resulting in 
similar overall survival64.

The MD Anderson group recently published a non-
-randomized, phase II study comparing two different 
levels of intravenous busulfan associated with fludara-
bine: 15 patients using low-dose busulfan (130 mg/m2 
for two days) and 31 patients with high-dose busulfan 
(100mg/m2 for four days), including 27 patients with a 
serum level adjusted to an AUC of 4000. In an average 
follow-up of three years, patients using busulfan at a 
higher dose had an event-free survival of 58% against 
27% of those who used low doses. In conclusion, the 
use of conditioning regimens containing fludarabi-
ne and busulfan with serum level control seems to 
reduce relapse without increasing transplant-related 
mortality65. Non-myeloablative conditioning has also 
a higher rate of graft failure66 (2B).

DONOR
HLA-matched unrelated donors are an acceptable 
alternative for patients without an HLA-identical sib-
ling donor66. HLA-mismatched related donors may 
also be acceptable, but further studies are needed to 
better address this issue67 (2B).
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The results of haploidentical transplantation in PMF 
still lack published data. One of the first reports was 
published in 2016, comparing the use of alternative 
donors (unrelated and haploidentical) with HLA-
matched related donors in 95 patients with PMF be-
tween 2000 and 201468. Although it was an analysis 
of a relatively few numbers of patients, including 23 
haploidentical transplants, 20 of which in the last five 
years, the study showed a significant improvement 
in the survival of transplanted patients with PMF 
who used alternative donors during the period of 
2011 to 2014 as compared to that of 2000 to 201068.

In 2019, the EBMT group published a retrospec-
tive report of 56 patients, with a median age of 57 
years67. Myeloablative conditioning was chosen 
in 70% of the cases, 59% of which used thiotepa + 
fludarabine + busulfan with post-transplant cyclo-
phosphamide; two thirds used bone marrow as stem 
cell source. The engraftment rate was 82%. The cu-
mulative incidence of acute GVHD up to D + 100 was 
28% (grade II-IV) and 9% (grade III / IV) and of chron-
ic GVHD at 1 year was 45%. At two years, overall sur-
vival was 56%, the incidence of relapse was 19%, and 
non-relapse mortality was 38%. This study showed 
that haploidentical transplantation is feasible, with 
a comparable overall survival with that of unrelated 
transplants; however, efforts should be made toward 
decreasing the considerable transplant-related mor-
tality rate found in this study.

STEM CELL SOURCE
PBSCs are the preferred stem cell source, but BM is 
also acceptable in this scenario69(2B). 

SPLENECTOMY
Routine splenectomy prior to transplant is not rec-
ommended in patients with splenomegaly, except 
in cases with a spleen size greater than 20cm70,71. 
Splenic radiation, in turn, may be considered within 
the context of clinical trials (2B).

RUXOLITINIB
Ruxolitinib is a Janus kinase (JAK) 1/2 inhibitor 
known to be involved in the pathophysiology of PMF. 
Despite its effectiveness in controlling many of the 
symptoms presented by PMF patients, it should not 
be regarded as an alternative to HSCT, since it does 
not affect the natural history of the disease. Hence, 
though we do recommend it for symptomatic con-
trol, it should not delay referral for transplantation72.

In a prospective study evaluating the use of ruxoli-

tinib prior to transplant, it was started 60 days before 
conditioning, gradually decreased in four days, until 
complete withdrawal one day before conditioning. 
Despite being shown to be safe in this group of 21 
patients, no significant reduction was seen in the 
rate of graft failure or in the incidence of GVHD72. 
Another prospective phase II study investigated rux-
olitinib use for at least eight weeks, with a gradual 
reduction of 5 mg every four days and withdrawal 
four days before stem cell infusion. This study also 
showed that the use of pre-HSCT ruxolitinib is safe: 
none of the patients had cytokine release syndrome, 
and the 2-year overall survival was 86%, suggesting 
a benefit in overall survival73 (2B). In addition, other 
studies have shown that ruxolitinib is well tolerated 
during conditioning, and others have investigated 
its use at low doses until engraftment. In a study 
with a small number of patients who were kept un-
der low dose ruxolitinib until D + 28, in two out of 12 
patients this medication had to be discontinued. The 
average engraftment time was 12 days, there was no 
graft failure, and there was a low incidence of acute 
GVHD. However, the incidence of cytomegalovirus 
reactivation was 40%74.

Robin et al.75 published a phase II study evaluating 
the use of ruxolitinib six months before HSCT. Among 
the 76 patients included, 64 had a donor, 18 of whom 
were matched-sibling donors, 32 matched-unrelat-
ed donors and 14 mismatched-unrelated donors. 
Among the 64 patients who received ruxolitinib, 
92% were transplanted at three months, 26% had 
a complete response, 20% had a partial response, 
and 54% had no response. All patients received RIC 
(fludarabine/melphalan) and GVHD immunoprophy-
laxis with cyclosporine and mycophenolate mofetil 
+/- antithymocyte globulin. Overall survival at 12 
months was 68%, and disease-free survival was 55%. 
The cumulative incidence of grade II-IV acute GVHD 
was 66%, and non-relapse mortality was 42%75. 

It has been demonstrated that after HSCT, allele bur-
den of JAK2-V617F is related to relapse. In such sce-
nario, ruxolitinib has been investigated as preemp-
tive therapy76.

Therefore, we recommend ruxolitinib to be used at 
the highest tolerated dose, with gradual tapering 
every four days and complete withdrawal by one to 
two days prior to transplant72. According to a recent 
phase II study, its use prior to HSCT seems to be safe 
and to improve overall survival in patients who are 
referred for transplantation72.

However, in the absence of randomized controlled 
trials, we recommend that all patients with interme-
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diate-2 or high risk PMF and high-risk myelofibrosis 
secondary to PV or ET be referred for HSCT as soon 
as possible73 (2B).

SUMMARY OF RECOMMENDATIONS:
• Allogeneic HSCT is indicated for high or interme-
diate-2 risk PMF patients and for high-risk myelofi-
brosis secondary to PV or ET. Intermediate-1 patients 
and those with severe thrombocytopenia, peripher-
al blasts or having high risk mutations can also be 
candidates for allogeneic HSCT (2B). 

• The DIPSS plus classification is recommended. 
When possible, MIPSS70+ v2.0 or MTSS should also 
be used (2B). 

• It seems reasonable to offer MAC for patients under 
50 years old and RIC for those above this age or with 
comorbidities. When possible, levels of busulfan 
should be monitored (2B). 
• In the absence of a matched sibling donor, alterna-
tive donors can be used (unrelated and haploidenti-
cal, in this sequence) (2B). 

• Peripheral blood is the preferred source, but bone 
marrow can also be acceptable (2B).
• Pre-transplant splenectomy is not routinely rec-
ommended. It can be considered if splenomegaly is 
above 20 cm (2B).
• Relapse after HSCT should be managed with donor 
lymphocyte infusions74 (2B).

• Monitoring of the JAK-V617F mutation should be 
performed after HSCT, since it is correlated with re-
lapse76 (2B). 

• Pre-transplant ruxolitinib can improve both clinical 
condition and survival, but referral for HSCT should 
not be deferred, since this is the only curative proce-
dure. When ruxolitinib is used, we recommend it at 
the highest tolerated dose (20mg BID), with gradual 
tapering every four days and complete withdrawal 
by one to two days prior to transplant (2B).

• Driver mutations and an NGS panel should be per-
formed whenever possible, which might strengthen 
the indication for HSCT, particularly in intermedi-
ate-1 PMF patients (2B). 

TABLE 3. HSCT indications for Myeloproliferative Neoplasms

DISEASE MSD MUD MMUD MMSD

PMF/DIPSS-PLUS 
Low Risk

     Intermediate-1
     Intermediate-2 and high risk

GNR
CO*/2C

S/2B

GNR
CO*/2C

S/2B

GNR
CO */2C

S/2C

GNR
CO*/2C
CO/2C

CML
CP

TKI failure (second or third line)
AP
BP

>1st CP

S/2B
S/2B
S/2B
S/2B

S/2B
S/2B
S/2B
S/2B

CO/2C
CO/2C
CO/2C
CO/2C

CO/2C
CO/2C
CO/2C
CO/2C

AP: Accelerated phase CML; BP: Blast phase CML; CML: Chronic myeloid leukemia; CO: clinical option; CP: chronic phase CML; DIPSS-PLUS: Dynamic International 
Prognostic Scoring System Plus; GNR: generally not recommended; HSCT: hematopoietic stem cell transplantation; MSD: matched-sibling donor; MMSD: mismatched-
sibling donor; MUD: matched-unrelated donor; MMUD: mismatched-unrelated donor; PMF: primary myelofibrosis; S: standard; TKI: tyrosine kinase inhibitor.

*CO: circulating blasts, high risk mutations



25JBMTCT. 2023 4(1)

JOURNAL OF BONE MARROW TRANSPLANTATION AND CELLULAR THERAPY  JBMTCT

REFERENCES
1.  Arber DA, Orazi A, Hasserjian R, Thiele J, Borowitz 

MJ, Le Beau MM, et al. The 2016 revision to the 
World Health Organization classification of my-
eloid neoplasms and acute leukemia [Internet]. 
Vol. 127, Blood. 2016 [cited 2020 Jun 18]. p. 2391–
405. Available from: https://ashpublications.org/
blood/article-pdf/127/20/2391/1393154/2391.pdf

2.  O’Brien SG, Guilhot F, Larson RA, Gathmann I, 
Baccarani M, Cervantes F, et al. Imatinib Com-
pared with Interferon and Low-Dose Cytarabine 
for Newly Diagnosed Chronic-Phase Chron-
ic Myeloid Leukemia. N Engl J Med [Internet]. 
2003 Mar 13 [cited 2022 Dec 12];348(11):994–
1004. Available from: https://www.nejm.org/
doi/10.1056/NEJMoa022457

3.  Hochhaus A, Larson RA, Guilhot F, Radich JP, 
Branford S, Hughes TP, et al. Long-Term Out-
comes of Imatinib Treatment for Chronic My-
eloid Leukemia. N Engl J Med [Internet]. 2017 
Mar 3 [cited 2022 Dec 12];376(10):917–27. Avail-
able from: /pmc/articles/PMC5901965/

4.  Hughes TP, Kaeda J, Branford S, Rudzki Z, Hoch-
haus A, Hensley ML, et al. Frequency of Major 
Molecular Responses to Imatinib or Interferon 
Alfa plus Cytarabine in Newly Diagnosed Chron-
ic Myeloid Leukemia. N Engl J Med [Internet]. 
2003 Oct 9 [cited 2022 Dec 12];349(15):1423–
32. Available from: https://www.nejm.org/
doi/10.1056/NEJMoa030513

5.  Kantarjian H, Shah NP, Hochhaus A, Cortes J, 
Shah S, Ayala M, et al. Dasatinib versus Imatinib 
in Newly Diagnosed Chronic-Phase Chronic My-
eloid Leukemia. N Engl J Med [Internet]. 2010 Jun 
17 [cited 2022 Dec 12];362(24):2260–70. Avail-
able from: https://www.nejm.org/doi/10.1056/
NEJMoa1002315

6.  Kantarjian HM, Shah NP, Cortes JE, Baccarani 
M, Agarwal MB, Undurraga MS, et al. Dasati-
nib or imatinib in newly diagnosed chron-
ic-phase chronic myeloid leukemia: 2-Year 
follow-up from a randomized phase 3 trial 
(DASISION). Blood [Internet]. 2012 Feb 2 [cit-
ed 2022 Dec 12];119(5):1123–9. Available 
from: https://ashpublications.org/blood/ar-
ticle/119/5/1123/29777/Dasatinib-or-imati-
nib-in-newly-diagnosed-chronic

7.  Kantarjian HM, Hochhaus A, Saglio G, Souza C 
De, Flinn IW, Stenke L, et al. Nilotinib versus ima-
tinib for the treatment of patients with newly 
diagnosed chronic phase, Philadelphia chro-

mosome-positive, chronic myeloid leukaemia: 
24-month minimum follow-up of the phase 3 
randomised ENESTnd trial. Lancet Oncol [Inter-
net]. 2011 Sep 1 [cited 2022 Dec 12];12(9):841–
51. Available from: http://www.thelancet.com/
article/S1470204511702017/fulltext

8.  Saglio G, Kim D-W, Issaragrisil S, le Coutre P, Eti-
enne G, Lobo C, et al. Nilotinib versus Imatinib for 
Newly Diagnosed Chronic Myeloid Leukemia. N 
Engl J Med [Internet]. 2010 Jun 17 [cited 2022 
Dec 12];362(24):2251–9. Available from: https://
www.nejm.org/doi/10.1056/NEJMoa0912614

9.  Cortes JE, Kim DW, Kantarjian HM, Brümmendorf 
TH, Dyagil I, Griskevicius L, et al. Bosutinib ver-
sus imatinib in newly diagnosed chronic-phase 
chronic myeloid leukemia: Results from the BELA 
trial. J Clin Oncol. 2012 Oct 1;30(28):3486–92. 

10. Cortes JE, Gambacorti-Passerini C, Deininger 
MW, Mauro MJ, Chuah C, Kim DW, et al. Bo-
sutinib versus imatinib for newly diagnosed 
chronic myeloid leukemia: Results from the 
randomized BFORE trial. J Clin Oncol. 2018 Jan 
20;36(3):231–7. 

11. Réa D, Mauro MJ, Boquimpani C, Minami Y, 
Lomaia E, Voloshin S, et al. A phase 3, open-la-
bel, randomized study of asciminib, a STAMP 
inhibitor, vs bosutinib in CML after 2 or more 
prior TKIs. Blood [Internet]. 2021 Nov 25 [cited 
2022 Dec 12];138(21):2031–41. Available from: 
https://pubmed.ncbi.nlm.nih.gov/34407542/

12. Talpaz M, Silver RT, Druker BJ, Goldman JM, 
Gambacorti-Passerini C, Guilhot F, et al. Imati-
nib induces durable hematologic and cytoge-
netic responses in patients with accelerated 
phase chronic myeloid leukemia: Results of a 
phase 2 study. Blood [Internet]. 2002 Mar 15 
[cited 2022 Dec 12];99(6):1928–37. Available 
from: https://ashpublications.org/blood/arti-
cle/99/6/1928/53574/Imatinib-induces-dura-
ble-hematologic-and

13. Jiang Q, Xu LP, Liu DH, Liu KY, Chen SS, Jiang B, 
et al. Imatinib mesylate versus allogeneic hema-
topoietic stem cell transplantation for patients 
with chronic myelogenous leukemia in the ac-
celerated phase. Blood [Internet]. 2011 Mar 17 
[cited 2022 Dec 12];117(11):3032–40. Available 
from: https://ashpublications.org/blood/arti-
cle/117/11/3032/19568/Imatinib-mesylate-ver-
sus-allogeneic-hematopoietic



JBMTCT. 2023 4(1)

JOURNAL OF BONE MARROW TRANSPLANTATION AND CELLULAR THERAPY  JBMTCT

26

14.  Nicolini FE, Basak GW, Kim DW, Olavarria E, Pi-
nilla-Ibarz J, Apperley JF, et al. Overall survival 
with ponatinib versus allogeneic stem cell trans-
plantation in Philadelphia chromosome-pos-
itive leukemias with the T315I mutation. Can-
cer [Internet]. 2017 Aug 1 [cited 2022 Dec 
12];123(15):2875–80. Available from: https://
onlinelibrary.wiley.com/doi/full/10.1002/
cncr.30558

15.  Xu LP, Xu ZL, Zhang XH, Chen H, Chen YH, 
Han W, et al. Allogeneic Stem Cell Transplanta-
tion for Patients with T315I BCR-ABL Mutated 
Chronic Myeloid Leukemia. Biol Blood Marrow 
Transplant [Internet]. 2016 Jun 1 [cited 2022 
Dec 12];22(6):1080–6. Available from: https://
pubmed.ncbi.nlm.nih.gov/26995693/

16.  Lübking A, Dreimane A, Sandin F, Isaksson C, 
Märkevärn B, Brune M, et al. Allogeneic stem 
cell transplantation for chronic myeloid leuke-
mia in the TKI era: population-based data from 
the Swedish CML registry. Bone Marrow Trans-
plant [Internet]. 2019 Apr 8 [cited 2022 Dec 
12];54(11):1764–74. Available from: https://
www.nature.com/articles/s41409-019-0513-5

17.  Sawyers CL, Hochhaus A, Feldman E, Gold-
man JM, Miller CB, Ottmann OG, et al. Imati-
nib induces hematologic and cytogenetic re-
sponses in patients with chronic myelogenous 
leukemia in myeloid blast crisis: Results of a 
phase II study. Blood [Internet]. 2002 May 15 
[cited 2022 Dec 12];99(10):3530–9. Available 
from: https://ashpublications.org/blood/arti-
cle/99/10/3530/106992/Imatinib-induces-he-
matologic-and-cytogenetic

18.  Sasaki H, Mitani S, Kusumoto S, Marumo Y, Asa-
no A, Yoshida T, et al. Pre- and post-transplant 
ponatinib for a patient with acute megakaryo-
blastic blast phase chronic myeloid leukemia 
with T315I mutation who underwent allogene-
ic hematopoietic stem cell transplantation. Int 
J Hematol [Internet]. 2019 Mar 16 [cited 2022 
Dec 12];110(1):119–23. Available from: https://
link.springer.com/article/10.1007/s12185-019-
02628-8

19.  Hochhaus A, Baccarani M, Silver RT, Schiffer C, 
Apperley JF, Cervantes F, et al. European Leu-
kemiaNet 2020 recommendations for treating 
chronic myeloid leukemia [Internet]. Vol. 34, 
Leukemia. Leukemia; 2020 [cited 2022 Dec 12]. 
p. 966–84. Available from: https://pubmed.ncbi.
nlm.nih.gov/32127639/

20.  Radich JP, Gooley T, Bensinger W, Chaunc-
ey T, Clift R, Flowers M, et al. HLA-matched re-
lated hematopoietic cell transplantation for 
chronic-phase CML using a targeted busulfan 
and cyclophosphamide preparative regimen. 
Blood [Internet]. 2003 Jul 1 [cited 2022 Dec 
12];102(1):31–5. Available from: https://ashpub-
lications.org/blood/article/102/1/31/16778/
HLA-matched-related-hematopoietic-cell

21.  Saussele S, Lauseker M, Gratwohl A, Beelen 
DW, Bunjes D, Schwerdtfeger R, et al. Alloge-
neic hematopoietic stem cell transplantation 
(allo SCT) for chronic myeloid leukemia in the 
imatinib era: Evaluation of its impact within 
a subgroup of the randomized German CML 
study IV. Blood [Internet]. 2010 Mar 11 [cit-
ed 2022 Dec 12];115(10):1880–5. Available 
from: https://ashpublications.org/blood/arti-
cle/115/10/1880/26843/Allogeneic-hematopoi-
etic-stem-cell-transplantation

22.  Chhabra S, Ahn KW, Hu ZH, Jain S, Assal A, 
Cerny J, et al. Myeloablative vs reduced-inten-
sity conditioning allogeneic hematopoietic cell 
transplantation for chronic myeloid leukemia. 
Blood Adv [Internet]. 2018 Nov 11 [cited 2022 
Dec 12];2(21):2922–36. Available from: /pmc/ar-
ticles/PMC6234373/

23.  Kongtim P, Adekola K, Milton DR, Ramlal R, 
Jimenez A, Chen J, et al. Donor type, in addition 
to transplantation in chronic phase and mye-
loablative conditioning, influence transplant 
survival for patients with advanced chronic 
myeloid leukemia in the era of tyrosine kinase 
inhibitors [Internet]. Vol. 31, Leukemia. Nature 
Publishing Group; 2017 [cited 2022 Dec 12]. p. 
1654–7. Available from: https://www.nature.
com/articles/leu2017118

24.  Ruutu T, Volin L, Parkkali T, Juvonen E, Elonen 
E. Cyclosporine, methotrexate, and methylpred-
nisolone compared with cyclosporine and meth-
otrexate for the prevention of graft-versus-host 
disease in bone marrow transplantation from 
HLA-identical sibling donor: A prospective ran-
domized study. Blood. 2000 Oct 1;96(7):2391–8. 

25.  Ruutu T, Nihtinen A, Niittyvuopio R, Juvonen 
E, Volin L. A Randomized Study of Cyclosporine 
and Methotrexate with or without Methylpred-
nisolone for the Prevention of Graft-Versus-Host 
Disease: Improved Long-Term Survival with 
the Triple Prophylaxis. Blood [Internet]. 2016 
Dec 2 [cited 2022 Dec 12];128(22):2241–2241. 



27JBMTCT. 2023 4(1)

JOURNAL OF BONE MARROW TRANSPLANTATION AND CELLULAR THERAPY  JBMTCT

Available from: https://ashpublications.org/
blood/article/128/22/2241/100637/A-Random-
ized-Study-of-Cyclosporine-and

26.  Battipaglia G, Labopin M, Kröger N, Vitek 
A, Afanasyev B, Hilgendorf I, et al. Posttrans-
plant cyclophosphamide vs antithymocyte 
globulin in HLA-mismatched unrelated donor 
transplantation. Blood [Internet]. 2019 Sep 12 
[cited 2022 Dec 12];134(11):892–9. Available 
from: https://ashpublications.org/blood/arti-
cle/134/11/892/273868/Posttransplant-cyclo-
phosphamide-vs-antithymocyte

27.  Al-Jurf M, Aranha F, Annasetti C, Apperley JF, 
Baynes R, Bensinger WI, et al. Allogeneic periph-
eral blood stem-cell compared with bone mar-
row transplantation in the management of he-
matologic malignancies: An individual patient 
data meta-analysis of nine randomized trials. J 
Clin Oncol. 2005 Sep 21;23(22):5074–87. 

28.  Alousi A, Wang T, Hemmer MT, Spellman SR, 
Arora M, Couriel DR, et al. Peripheral Blood ver-
sus Bone Marrow from Unrelated Donors: Bone 
Marrow Allografts Have Improved Long-Term 
Overall and Graft-versus-Host Disease-Free, 
Relapse-Free Survival. Biol Blood Marrow 
Transplant [Internet]. 2019 Feb 1 [cited 2022 
Dec 12];25(2):270–8. Available from: https://
pubmed.ncbi.nlm.nih.gov/30292009/

29.  Lee SJ, Logan B, Westervelt P, Cutler C, Woolfrey 
A, Khan SP, et al. Comparison of patient-report-
ed outcomes in 5-year survivors who received 
bone marrowvs peripheral blood unrelated 
donor transplantation long-term follow-up of a 
randomized clinical trial. In: JAMA Oncology [In-
ternet]. JAMA Oncol; 2016 [cited 2022 Dec 12]. 
p. 1583–9. Available from: https://pubmed.ncbi.
nlm.nih.gov/27532508/

30.  Holtick U, Albrecht M, Chemnitz JM, Theurich 
S, Shimabukuro-Vornhagen A, Skoetz N, et al. 
Comparison of bone marrow versus peripheral 
blood allogeneic hematopoietic stem cell trans-
plantation for hematological malignancies in 
adults-a systematic review and meta-analysis. 
Vol. 94, Critical Reviews in Oncology/Hematolo-
gy. Elsevier; 2015. p. 179–88. 

31.  Xiao-Jun H, Lan-Ping X, Kai-Yan L, Dai-Hong 
L, Huan C, Wei H, et al. HLA-mismatched/hap-
loidentical hematopoietic stem cell trans-
plantation without in vitro T cell depletion 
for chronic myeloid leukemia: Improved out-
comes in patients in accelerated phase and 

blast crisis phase. Ann Med [Internet]. 2008 
[cited 2022 Dec 12];40(6):444–55. Available 
from: https://www.tandfonline.com/doi/
abs/10.1080/07853890801908903

32.  Kaeda J, O’Shea D, Szydlo RM, Olavarria E, Dazzi 
F, Marin D, et al. Serial measurement of BCR-ABL 
transcripts in the peripheral blood after allogene-
ic stem cell transplantation for chronic myeloid 
leukemia: An attempt to define patients who 
may not require further therapy. Blood [Internet]. 
2006 May 15 [cited 2022 Dec 12];107(10):4171–
6. Available from: https://ashpublications.org/
blood/article/107/10/4171/109788/Serial-mea-
surement-of-BCR-ABL-transcripts-in-the

33. Radich JP, Gooley T, Bryant E, Chauncey T, 
Clift R, Beppu L, et al. The significance of bcr-
abl molecular detection in chronic myeloid 
leukemia patients “late,” 18 months or more 
after transplantation. Blood [Internet]. 2001 
Sep 15 [cited 2022 Dec 13];98(6):1701–7. 
Available from: https://ashpublications.org/
blood/article/98/6/1701/134094/The-signifi-
cance-of-bcr-abl-molecular-detection-in

34. Arpinati M, Tolomelli G, Bochicchio MT, Cast-
agnetti F, Amabile M, Bandini G, et al. Molecular 
monitoring of bcr-abl transcripts after allogene-
ic stem cell transplantation for chronic myeloid 
leukemia. Biol Blood Marrow Transplant. 2013 
Sep 15;19(5):735–40. 

35. Craddock CF. We do still transplant CML, don’t 
we? Hematol Am Soc Hematol Educ Progr [Inter-
net]. 2018 Nov 30 [cited 2022 Dec 12];30(1):177–
84. Available from: https://pubmed.ncbi.nlm.
nih.gov/30504307/

36. Oehler VG, Gooley T, Snyder DS, Johnston L, 
Lin A, Cummings CC, et al. The effects of ima-
tinib mesylate treatment before allogeneic 
transplantation for chronic myeloid leukemia. 
Blood [Internet]. 2007 Feb 15 [cited 2022 Dec 
12];109(4):1782–9. Available from: https://
pubmed.ncbi.nlm.nih.gov/17062727/

37. Lee SJ, Kukreja M, Wang T, Giralt SA, Szer J, Arora 
M, et al. Impact of prior imatinib mesylate on the 
outcome of hematopoietic cell transplantation 
for chronic myeloid leukemia. Blood [Internet]. 
2008 Oct 15 [cited 2022 Dec 12];112(8):3500–7. 
Available from: https://pubmed.ncbi.nlm.nih.
gov/18664621/

38. Jabbour E, Cortes J, Santos FPS, Jones D, O’Brien 
S, Rondon G, et al. Results of allogeneic hema-



JBMTCT. 2023 4(1)

JOURNAL OF BONE MARROW TRANSPLANTATION AND CELLULAR THERAPY  JBMTCT

28

topoietic stem cell transplantation for chronic 
myelogenous leukemia patients who failed ty-
rosine kinase inhibitors after developing BCR-
ABL1 kinase domain mutations. Blood [Internet]. 
2011 Mar 31 [cited 2022 Dec 12];117(13):3641–
7. Available from: https://ashpublications.org/
blood/article/117/13/3641/50983/Results-of-al-
logeneic-hematopoietic-stem-cell

39. Dazzi F, Szydlo RM, Cross NCP, Craddock C, Kae-
da J, Kanfer E, et al. Durability of responses fol-
lowing donor lymphocyte infusions for patients 
who relapse after allogeneic stem cell transplan-
tation for chronic myeloid leukemia. Blood. 2000 
Oct 15;96(8):2712–6. 

40. Michallet AS, Nicolini F, Fürst S, Le QH, Dubois 
V, Hayette S, et al. Outcome and long-term fol-
low-up of alloreactive donor lymphocyte infu-
sions given for relapse after myeloablative allo-
geneic hematopoietic stem cell transplantations 
(HSCT). Bone Marrow Transplant [Internet]. 2005 
Jan 31 [cited 2022 Dec 13];35(6):601–8. Available 
from: https://www.nature.com/articles/1704807

41. Weisser M, Tischer J, Schnittger S, Schoch C, 
Ledderose G, Kolb HJ. A comparison of donor 
lymphocyte infusions or imatinib mesylate for 
patients with chronic myelogenous leukemia 
who have relapsed after allogeneic stem cell 
transplantation. Haematologica [Internet]. 2006 
[cited 2022 Dec 13];91(5):663–6. Available from: 
https://haematologica.org/article/view/3960

42. Chalandon Y, Passweg JR, Guglielmi C, Iaco-
belli S, Apperley J, Schaap NPM, et al. Early ad-
ministration of donor lymphocyte infusions 
upon molecular relapse after allogeneic hema-
topoietic stem cell transplantation for chronic 
myeloid leukemia: A study by the chronic ma-
lignancies working party of the EBMT. Haema-
tologica [Internet]. 2014 Sep 1 [cited 2022 Dec 
13];99(9):1492–8. Available from: https://hae-
matologica.org/article/view/7143

43. Dazzi F, Szydlo RM, Craddock C, Cross NCP, Kae-
da J, Chase A, et al. Comparison of single-dose 
and escalating-dose regimens of donor lym-
phocyte infusion for relapse after allografting 
for chronic myeloid leukemia. Blood. 2000 Jan 
1;95(1):67–71. 

44. Simula MP, Marktel S, Fozza C, Kaeda J, Szydlo 
RM, Nadal E, et al. Response to donor lympho-
cyte infusions for chronic myeloid leukemia is 
dose-dependent: The importance of escalat-
ing the cell dose to maximize therapeutic ef-

ficacy. Leukemia [Internet]. 2007 [cited 2022 
Dec 13];21(5):943–8. Available from: https://
pubmed.ncbi.nlm.nih.gov/17361226/

45. Shanavas M, Messner HA, Kamel-Reid S, Atena-
fu EG, Gupta V, Kuruvilla J, et al. A comparison 
of long-term outcomes of donor lymphocyte 
infusions and tyrosine kinase inhibitors in pa-
tients with relapsed CML after allogeneic hema-
topoietic cell transplantation. Clin Lymphoma, 
Myeloma Leuk [Internet]. 2014 Feb [cited 2022 
Dec 13];14(1):87–92. Available from: https://
pubmed.ncbi.nlm.nih.gov/24252361/

46. Zeidner JF, Zahurak M, Rosner GL, Gocke CD, 
Jones RJ, Smith BD. The evolution of treatment 
strategies for patients with chronic myeloid 
leukemia relapsing after allogeneic bone mar-
row transplant: Can tyrosine kinase inhibitors 
replace donor lymphocyte infusions? Leuk Lym-
phoma [Internet]. 2015 Jan 1 [cited 2022 Dec 
13];56(1):128–34. Available from: /pmc/articles/
PMC4268088/

47. Shimoni A, Volchek Y, Koren-Michowitz M, Var-
da-Bloom N, Somech R, Shem-Tov N, et al. Phase 
1/2 study of nilotinib prophylaxis after alloge-
neic stem cell transplantation in patients with 
advanced chronic myeloid leukemia or philadel-
phia chromosome-positive acute lymphoblastic 
leukemia. Cancer [Internet]. 2015 Mar 1 [cited 
2022 Dec 13];121(6):863–71. Available from: 
https://pubmed.ncbi.nlm.nih.gov/25387866/

48. DeFilipp Z, Langston AA, Chen Z, Zhang C, Arel-
lano ML, El Rassi F, et al. Does Post-Transplant 
Maintenance Therapy With Tyrosine Kinase In-
hibitors Improve Outcomes of Patients With 
High-Risk Philadelphia Chromosome-Positive 
Leukemia? Clin Lymphoma, Myeloma Leuk. 
2016 Aug 1;16(8):466-471.e1. 

49. Giebel S, Czyz A, Ottmann O, Baron F, Brissot E, 
Ciceri F, et al. Use of tyrosine kinase inhibitors to 
prevent relapse after allogeneic hematopoietic 
stem cell transplantation for patients with Phil-
adelphia chromosome-positive acute lympho-
blastic leukemia: A position statement of the 
Acute Leukemia Working Party of the European 
Society for Blood and Marrow Transplantation. 
Cancer [Internet]. 2016 Oct 1 [cited 2022 Dec 
13];122(19):2941–51. Available from: https://
pubmed.ncbi.nlm.nih.gov/27309127/

50. Carpenter PA, Snyder DS, Flowers MED, Sanders 
JE, Gooley TA, Martin PJ, et al. Prophylactic ad-
ministration of imatinib after hematopoietic cell 



29JBMTCT. 2023 4(1)

JOURNAL OF BONE MARROW TRANSPLANTATION AND CELLULAR THERAPY  JBMTCT

transplantation for high-risk Philadelphia chro-
mosome-positive leukemia. Blood [Internet]. 
2007 Apr 4 [cited 2022 Dec 13];109(7):2791–3. 
Available from: /pmc/articles/PMC1852215/

51. Pfeifer H, Wassmann B, Bethge W, Dengler J, 
Bornhäuser M, Stadler M, et al. Randomized 
comparison of prophylactic and minimal resid-
ual disease-triggered imatinib after allogeneic 
stem cell transplantation for BCR-ABL1-positive 
acute lymphoblastic leukemia. Leukemia [Inter-
net]. 2013 Dec 5 [cited 2022 Dec 13];27(6):1254–
62. Available from: https://www.nature.com/
articles/leu2012352

52. DN E, L B, JP R. Patients with Philadelphia-Pos-
itive Leukemia with BCR-ABL Kinase Mutations 
before Allogeneic Transplantation Predomi-
nantly Relapse with the Same Mutation. Biol 
Blood Marrow Transplant [Internet]. 2015 Jan 1 
[cited 2022 Dec 13];21(1):184–9. Available from: 
https://pubmed.ncbi.nlm.nih.gov/25300870/

53. Cullis JO, Schwarer AP, Hughes TP, Hows JM, Frank-
lin I, Morgenstern G, et al. Second transplants 
for patients with chronic myeloid leukaemia in 
relapse after original transplant with T-depleted 
donor marrow: feasibility of using busulphan 
alone for re-conditioning. Br J Haematol [Inter-
net]. 1992 Jan 1 [cited 2022 Dec 13];80(1):33–9. 
Available from: https://onlinelibrary.wiley.com/
doi/full/10.1111/j.1365-2141.1992.tb06397.x

54. Cervantes F, Dupriez B, Pereira A, Passamonti 
F, Reilly JT, Morra E, et al. New prognostic scor-
ing system for primary myelofibrosis based on a 
study of the International working group for my-
elofibrosis research and treatment. Blood. 2009 
Mar 26;113(13):2895–901. 

55. Passamonti F, Cervantes F, Vannucchi AM, Morra 
E, Rumi E, Pereira A, et al. A dynamic prognostic 
model to predict survival in primary myelofibro-
sis: A study by the IWG-MRT (International Work-
ing Group for Myeloproliferative Neoplasms 
Research and Treatment). Blood. 2010 Mar 
4;115(9):1703–8. 

56. Gangat N, Caramazza D, Vaidya R, George G, 
Begna K, Schwager S, et al. DIPSS plus: A refined 
dynamic international prognostic scoring sys-
tem for primary myelofibrosis that incorporates 
prognostic information from karyotype, platelet 
count, and transfusion status. J Clin Oncol. 2011 
Feb 1;29(4):392–7. 

57. Passamonti F, Giorgino T, Mora B, Guglielmel-

li P, Rumi E, Maffioli M, et al. A clinical-molecu-
lar prognostic model to predict survival in pa-
tients with post polycythemia vera and post 
essential thrombocythemia myelofibrosis. Leu-
kemia [Internet]. 2017 May 31 [cited 2022 Dec 
13];31(12):2726–31. Available from: https://
www.nature.com/articles/leu2017169

58. Ali H, Aldoss I, Yang D, Mokhtari S, Khaled 
S, Aribi A, et al. MIPSS701 v2.0 predicts long-
term survival in myelofibrosis after allogeneic 
HCT with the Flu/Mel conditioning regimen. 
Blood Adv [Internet]. 2019 Jan 8 [cited 2020 Jun 
26];3(1):83–95. Available from: https://pubmed.
ncbi.nlm.nih.gov/30622146/

59. Gagelmann N, Ditschkowski M, Bogdanov R, 
Bredin S, Robin M, Cassinat B, et al. Comprehen-
sive clinical-molecular transplant scoring system 
for myelofibrosis undergoing stem cell trans-
plantation. Blood [Internet]. 2019 May 16 [cited 
2020 Jun 25];133(20):2233–42. Available from: 
https://pubmed.ncbi.nlm.nih.gov/30760453/

60. Kröger N, Giorgino T, Scott BL, Ditschkowski M, 
Alchalby H, Cervantes F, et al. Impact of alloge-
neic stem cell transplantation on survival of pa-
tients less than 65 years of age with primary my-
elofibrosis. Blood. 2015 May 21;125(21):3347–50. 

61. Gowin K, Ballen K, Ahn KW, Hu ZH, Ali H, Ar-
casoy MO, et al. Survival following allogeneic 
transplant in patients with myelofibrosis. Blood 
Adv [Internet]. 2020 May 12 [cited 2020 Jul 
12];4(9):1966–73. Available from: /pmc/articles/
PMC7218417/?report=abstract

62. Stewart WA, Pearce R, Kirkland KE, Bloor A, 
Thomson K, Apperley J, et al. The role of alloge-
neic SCT in primary myelofibrosis : a British Soci-
ety for Blood and Marrow Transplantation study. 
Bone Marrow Transplant [Internet]. 2010 Nov 7 
[cited 2020 Jun 19];45(11):1587–93. Available 
from: http://dx.doi.org/10.1038/bmt.2010.14

63. Kröger NM, Deeg JH, Olavarria E, Niederwieser 
D, Bacigalupo A, Barbui T, et al. Indication and 
management of allogeneic stem cell transplan-
tation in primary myelofibrosis: A consensus 
process by an EBMT/ELN international working 
group. Vol. 29, Leukemia. Nature Publishing 
Group; 2015. p. 2126–33. 

64. Popat U, Mehta RS, Bassett R, Kongtim P, Chen 
J, Alousi AM, et al. Optimizing the Condition-
ing Regimen for Hematopoietic Cell Transplant 
in Myelofibrosis: Long-Term Results of a Pro-



JBMTCT. 2023 4(1)

JOURNAL OF BONE MARROW TRANSPLANTATION AND CELLULAR THERAPY  JBMTCT

30

spective Phase II Clinical Trial. Biol Blood Mar-
row Transplant [Internet]. 2020 Aug 1 [cited 
2020 Sep 14];26(8):1439–45. Available from: 
https://linkinghub.elsevier.com/retrieve/pii/
S1083879120301786

65. Slot S, Smits K, Van De Donk NWCJ, Witte BI, 
Raymakers R, Janssen JJWM, et al. Effect of con-
ditioning regimens on graft failure in myelofi-
brosis: A retrospective analysis. Bone Marrow 
Transplant [Internet]. 2015 Nov 1 [cited 2020 
Jun 26];50(11):1424–31. Available from: https://
pubmed.ncbi.nlm.nih.gov/26237165/

66. Kröger N, Holler E, Kobbe G, Bornhäuser M, 
Schwerdtfeger R, Baurmann H, et al. Allogeneic 
stem cell transplantation after reduced-intensi-
ty conditioning in patients with myelofibrosis : 
a prospective , multicenter study of the Chronic 
Leukemia Working Party of the European Group 
for Blood and Marrow Transplantation. Blood. 
2009 Dec 17;114(26):5264–70. 

67. Raj K, Eikema DJ, McLornan DP, Olavarria E, 
Blok HJ, Bregante S, et al. Family Mismatched 
Allogeneic Stem Cell Transplantation for Myelo-
fibrosis: Report from the Chronic Malignancies 
Working Party of European Society for Blood 
and Marrow Transplantation. Biol Blood Marrow 
Transplant [Internet]. 2019 Mar 1 [cited 2020 
Jun 19];25(3):522–8. Available from: https://
pubmed.ncbi.nlm.nih.gov/30408564/

68. Bregante S, Dominietto A, Ghiso A, Raiola AM, 
Gualandi F, Varaldo R, et al. Improved Outcome 
of Alternative Donor Transplantations in Pa-
tients with Myelofibrosis: From Unrelated to 
Haploidentical Family Donors. Biol Blood Mar-
row Transplant [Internet]. 2016 Feb 1 [cited 2020 
Sep 14];22(2):324–9. Available from: https://
pubmed.ncbi.nlm.nih.gov/26456259/

69. Murata M, Takenaka K, Uchida N, Ozawa Y, 
Ohashi K, Kim SW, et al. Comparison of Out-
comes of Allogeneic Transplantation for Primary 
Myelofibrosis among Hematopoietic Stem Cell 
Source Groups. Biol Blood Marrow Transplant. 
2019 Aug 1;25(8):1536–43. 

70. Akpek G, Pasquini MC, Logan B, Agovi M, 
Lazarus HM, Marks DI, et al. Effects of spleen sta-
tus on early outcomes after hematopoietic cell 
transplantation. Bone Marrow Transplant [In-

ternet]. 2013;48:825–31. Available from: http://
www.pubmedcentral.nih.gov/articlerender.
fcgi?artid=3606905&tool=pmcentrez&render-
type=abstract

71. Robin M, Zine M, Chevret S, Meignin V, Mu-
noz-Bongrand N, Moatti H, et al. The Impact of 
Splenectomy in Myelofibrosis Patients before 
Allogeneic Hematopoietic Stem Cell Transplan-
tation. Biol Blood Marrow Transplant [Internet]. 
2017 Jun;23(6):958–64. Available from: http://
www.ncbi.nlm.nih.gov/pubmed/28263921

72. Gupta V, Kosiorek HE, Mead A, Klisovic RB, Gal-
vin JP, Berenzon D, et al. Ruxolitinib Therapy Fol-
lowed by Reduced-Intensity Conditioning for 
Hematopoietic Cell Transplantation for Myelo-
fibrosis: Myeloproliferative Disorders Research 
Consortium 114 Study. Biol Blood Marrow Trans-
plant. 2019 Feb 1;25(2):256–64. 

73. Salit RB, Scott BL, Stevens EA, Baker KK, Gooley 
TA, Deeg HJ. Pre-hematopoietic cell transplant 
Ruxolitinib in patients with primary and second-
ary myelofibrosis. Bone Marrow Transplant [In-
ternet]. 2020 Jan 1 [cited 2020 Jul 12];55(1):70–6. 
Available from: https://www.nature.com/arti-
cles/s41409-019-0523-3

74. Kröger N, Shahnaz Syed Abd Kadir S, Zabelina T, 
Badbaran A, Christopeit M, Ayuk F, et al. Peritrans-
plantation Ruxolitinib Prevents Acute Graft-ver-
sus-Host Disease in Patients with Myelofibrosis 
Undergoing Allogenic Stem Cell Transplanta-
tion. Biol Blood Marrow Transplant [Internet]. 
2018 Oct 1 [cited 2020 Sep 14];24(10):2152–6. 
Available from: https://pubmed.ncbi.nlm.nih.
gov/29800615/

75. Robin M, Porcher R, Orvain C, Bay JO, Barraco 
F, Huynh A, et al. Ruxolitinib before allogene-
ic hematopoietic transplantation in patients 
with myelofibrosis on behalf SFGM-TC and FIM 
groups. Bone Marrow Transplant [Internet]. 
2021 Aug 1 [cited 2022 Dec 13];56(8):1888–99. 
Available from: https://pubmed.ncbi.nlm.nih.
gov/33767402/

76. Kröger N, Alchalby H, Klyuchnikov E, Badbaran 
A, Hildebrand Y, Ayuk F, et al. JAK2-V617F – trig-
gered preemptive and salvage adoptive immu-
notherapy with donor-lymphocyte infusion in 
patients with myelofibrosis after allogeneic stem 
cell transplantation. Blood. 2009;113(8):1866–9. 



31JBMTCT. 2023 4(1)

JOURNAL OF BONE MARROW TRANSPLANTATION AND CELLULAR THERAPY  JBMTCT

INTRODUCTION:
The treatment of lymphoproliferative neoplasms 
has advanced in recent years with the introduction 
of many monoclonal and other targeted therapies. 
Despite these advances, haematopoietic stem cell 
transplantation (HSCT) remains important in the 
management of non-Hodgkin’s lymphomas (NHL), 
especially in the scenario of recurrences (Table 1)1.

In certain situations where HSCT does not show a 
great benefit, there are opportunities for studies 
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LYMPHOMA SUBTIPE AUTOLOGOUS EVIDENCE ALLOGENEIC EVIDENCE

DLBCL 
(Diffuse Large B-Cell 

Lymphoma)

Relapse/Induction failure
High risk CR1/PR!

1a
2c

Post autologous relapse 2c

Follicular Early relapse
In transformation 2nd line

2b
2b

Second or multiple relapses 2c

Mantle cell 1st CR/1st PR
Relapse/failure

2b
2b

Post autologous relapse
Refractory disease

Blastoid variant/TP53 mutated

2c
2c
2c

PTCL (Peripheral T-Cell 
Lymphoma)

1st CR(ALK-)/PR 
2nd CR/PR

2b
2c

ATLL/HETCL
Induction failure or post 

autologous relapse

2c
2b

with new therapies. In these scenarios, CAR-T cells 
have been performed in Diffuse Large B Cells Lym-
phomas patients when rescue chemotherapy and 
autologous HSCT led to partial remission (PR), which 
is unsatisfactory and has unclear benefit in terms of 
survival 2.

In Table 1 are described the main indications and 
therapies’ level of evidence according to the sub-
types of NHL.

UPDATE
Although the indications for allogeneic HSCT re-
main unchanged from the previous document, 
currently CAR-T cell therapy has indications that 
compete with those for allogeneic HSCT. In an at-
tempt to facilitate the choice between therapies in 

relapses after autologous HSCT or in patients who 
are refractory to rescue regimens and who do not 
benefit from the indication for autologous HSCT, 
we list below the main benefits of these 2 forms of 
treatment3:
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In addition to the different benefits between the two 
therapies listed above, there seems to be a slight 
advantage for CAR-T when compared to allogeneic 
HSCT used in patients with DLBCL with more than 
2 lines of treatment, an advantage that disappears 
when patients are evaluated regardless of the num-
ber of lines. of treatment4.

Unlike follicular lymphoma and NHL T for which 
there is still no indication for CART in Brazil, either 

CAR-T Allo HSCT

Immediate antitumor effect Can be performed in cytopenic patients

Effective against active disease Low impact of previous therapies

Avoid risk of graft versus host disease (GVHD), with different 
toxicities Longer follow up with known toxicities

Low procedure related mortality Better availability and cost

due to lack of benefits or unavailability, in margin-
al zone lymphoma allogeneic HSCT is beginning to 
lose ground in its indication in relapses after autolo-
gous HSCT for CART5.

Although allogeneic HSCT begins to have questions 
about its indication in DLBCL and marginal zone 
lymphoma, the current unavailability of access to 
therapies with CART, keep its indication almost un-
changed.
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Despite the new treatment options for Myelodys-
plastic Disease (MD), which include the association 
of drugs with Hypomethylants, mainly Venetoclax1,2, 
monoclonal antibodies such as Magrolimab3,4 and 
Sabatolimab5,6, Hematopoietic Stem Cell Transplan-
tation (HSCT) is still the only curative option.

The main discussion is the individualization of treat-
ment, considering the condition of each patient, to 
define the best donor and type of conditioning and 
the possibilities of post-HSCT approaches, ranging 
from prophylactic or therapeutic Donor Lymphocyte 
Infusion (DLI), associated or not with medication7.

Correct risk stratification has always been a prepon-
derant aspect for the indication of HSCT, we know 
the importance of molecular alterations not only for 
the diagnosis, but also for the prognosis, and in this 

context we emphasize the IPSS-M8, which refines the 
classification.

Another relevant point has been the use of com-
prehensive geriatric assessment, especially with pa-
tients over 60 years of age, as an aid tool.

In the current discussions, two points are important 
to be registered in this update, one of them is the 20% 
blast cutoff point, where it is argued that genetic-mo-
lecular characteristics prevail, and that this limit alone 
may not be fully adequate9 and also the role of the 
bi-allelic TP53 mutation, which, when present, confers 
a poor prognosis independent of the blast count10.

We can therefore conclude that a better understand-
ing of the disease and individualization of treatment 
are the pillars of better management of these patients.
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ABSTRACT
The document discuss key points in the management of patients with Myelodysplastic Dis-
ease, including therapeutic strategies, the role of new drugs available as well the Hemato-
poietic Stem Cell Transplantation (HSCT). Other issues evaluated were importance of mo-
lecular alterations since diagnosis to prognosis, use of comprehensive geriatric assessment 
for patient’s selection, individualization of treatment, donor selection for HSCT and the role 
of blasts % and molecular mutations for the appropriate diagnosis.
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ABSTRACT

Autoimmune diseases are an important field for the development of hematopoietic stem cell 
transplantation (HSCT). The Brazilian Society for Cellular Therapy and Bone Marrow Trans-
plantation (Sociedade Brasileira de Terapia Celular e Transplante de Medula Óssea, SBTMO) 
organized consensus meetings for the Autoimmune Diseases Group, to review the available 
literature on HSCT for autoimmune diseases, aiming to gather data that support the pro-
cedure for these patients. Three autoimmune diseases for which there are evidence-based 
indications for HSCT are multiple sclerosis, systemic sclerosis and Crohn’s disease. The pro-
fessional stem cell transplant societies in North America (ASTCT), Europe (EBMT) and Brazil 
(SBTMO) currently consider HSCT as a therapeutic modality for these three autoimmune dis-
eases. The data are here updated.

Keywords: Autoimmune diseases. Hematopoietic stem cell transplantation. Multiple sclero-
sis. Systemic sclerosis. Crohn’s disease.

CONSENSUS UPDATE

Autologous hematopoietic stem cell transplantation (AHSCT) has been used worldwide as treatment for au-
toimmune disease patients1. The procedure aims to promote immune depletion, eliminate autoreactive lym-
phocytes and reprogram the immune system, restoring long-lasting immune tolerance. As result, patients 
maintain long-term clinical remission in absence of further immunosuppression. The three most important 
and current indications for AHSCT are multiple sclerosis, systemic sclerosis and Crohn’s disease (Table 1)1.
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STUDY MAIN CONTRIBUTION TO THE FIELD

 Multiple Sclerosis

ASTIMS trial2

Italy and Spain (EBMT), intermediate-intensity regimen, 21 
patients

MIST trial3

Multicenter, non-myeloablative regimen, 110 patients

Transplanted patients improved in disability and had fewer 
relapses than conventionally-treated patients over a 5-year 
follow-up. All patients had highly inflammatory and active MS.

Transplanted patients did not present new T2 lesions on MRI 
compared to those treated with mitoxantrone. No effect on 
disability, but most patients were in secondary-progressive 
phase.

  Systemic Sclerosis

ASSIST trial4

Single USA center, non- myeloablative regimen, 19 patients
  
ASTIS trial5

European multicenter, non- myeloablative regimen, 156 patients
  
SCOT trial6

USA multicenter, myeloablative regimen, 75 patients

Autologous transplant was more effective than monthly 
intravenous cyclophosphamide in controlling skin thickening, 
lung function and quality of life, over a 24-month follow-up.

Transplanted patients had higher overall survival, progression-
free survival and quality of life than conventionally-treated 
patients over a 5-year follow-up.

Transplanted patients had higher overall survival and 
progression-free survival than conventionally-treated patients 
over a 5-year follow-up.

 Crohn’s Disease

ASTIC trial7,8

European multicenter, non- myeloablative regimen, 45 patients

No differences in sustained remission composite scores 
(clinical, radiological and endoscopic) between transplanted 
and only mobilized patients. Secondary outcomes of disease 
activity, endoscopic activity and use of medical therapy 
favored transplanted patients.

TABLE 1 - Randomized clinical studies on AHSCT for autoimmune diseases

AHSCT: autologous stem cell transplantation; MRI: magnetic resonance imaging.

The American Society for Cellular Transplantation 
and Therapy (ASTCT)9,10, the European Society for 
Blood and Marrow Transplantation (EBMT)11,12, the 
European League Against Rheumatism (EULAR)13 
and the Brazilian Society of Bone Marrow Transplan-
tation (SBTMO)14,15 currently consider AHSCT as part 
of the already established therapeutic strategies 
for these autoimmune disorders, apart from the re-
search setting.

Since the last consensus meeting published in 
202115, a few new studies have been added to the 
field, however not changing the recommendations. 
Novel studies include a regimen of lower intensity, 
with decreased dosage of cyclophosphamide for sys-
temic sclerosis patients16. Although this trial shows 
less cardiac toxicity and shortened duration of neu-
tropenia, it still has to be investigated by other cen-
ters and long-term outcomes should be compared 
to conventional treatment in a randomized con-
trolled setting. A prospective multicenter study from 

the EBMT and partners also confirmed successful 
clinical outcomes of systemic sclerosis patients over 
a 24-month follow-up after AHSCT17. In multiple scle-
rosis, AHSCT was used as first line therapy in patients 
with aggressive disease, with successful clinical and 
radiological outcomes over median follow-up of 30 
months18. Also, a Mexican group has reported their 
experience with one thousand transplanted patients 
using a split-cyclophosphamide dose strategy19. The 
authors claim that by splitting the total dose, the 
transplant regimen becomes safer to the heart. This 
approach, however, should be tested in other auto-
immune disease settings, since cardiotoxicity is not 
a key problem in multiple sclerosis transplants as it is 
in other diseases such as systemic sclerosis20,21. In ad-
dition, reports on the long-term outcomes of these 
patients are pending. Very recently, the group from 
Chicago (USA) reported their “real-world” experience 
with more than 500 patients transplanted for multi-
ple sclerosis22. The authors show positive outcomes 
for patients with the relapsing-remitting form of the 
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disease, who improve disability and sustain remission over time. On September 2nd, 2021, the Brazilian Fed-
eral Council of Medicine issued a favorable opinion on AHSCT as treatment for multiple sclerosis.

Allogeneic transplants for autoimmune diseases remain limited to the research setting, in view of the excessive toxic-
ity and need to improve clinical protocols11.

In conclusion, data from national and international studies provide scientific support to recommend AHSCT 
as treatment for multiple sclerosis, systemic sclerosis and Crohn’s disease (Table 2). Allogeneic transplanta-
tion, however, should still be further evaluated in the experimental setting.

TABLE 2 – SBTMO recommendations for AHSCT in autoimmune diseases

Disease Autologous 
transplantation

Allogeneic transplantation

MSD MUD MMAD

Multiple sclerosis Recommended/I Experimental/III Not recommended/III Not recommended/III

Systemic sclerosis Recommended/I Experimental/III Not recommended/III Not recommended/III

Crohn’s disease Recommended/II Experimental/III Not recommended/III Not recommended/III

SBTMO: Brazilian Society of Bone and Marrow Transplantation; AHSCT: autologous hematopoietic stem cell transplantation. MSD: matched sibling donor; MUD: matched 
unrelated donor; MMAD: mismatched alternative donor. Table created by the authors. Recommendations are categorized according to described in reference 11.
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INTRODUCTION
High-dose chemotherapy (HDCT) with stem-cell 
support is a procedure that allows the administra-
tion of high doses of chemotherapy that would oth-
erwise be lethal. In HDCT, extra-medullary toxicity 
is the dose-limiting factor. Use of peripheral blood 
stem cells and improvement in patient management 
has reduced non-relapse mortality to less than 5%. 
Over the last decades, knowledge about HDCT in 
solid tumors has increased1–3, particularly in germ 
cell tumors (GCT). 

Testicular malignant tumors are the most frequent 
solid tumor of the young male, and 95% of these are 
germ cell tumors (GCT)4. They are unique tumors in 
which they represent a malignant transformation of 
a totipotent germ cell. They are divided, histological-
ly, in seminoma and nonseminoma. Both secrete be-
ta-human chorionic gonadotropin (beta-HCG), while 
only the latter produces alpha-fetoprotein (AFP). Ap-
proximately 75% of the patients are cured with con-
ventional5. Follow-up includes serial image exams 
and of the serum markers HCG e AFP.

This is an update of the 2020 recommendations of 
the Sociedade Brasileira de Transplante de Medula 
Óssea (Brazilian Society of Bone Marrow Transplan-
tation, SBTMO) for hematopoietic cell transplanta-
tion for solid tumors6. Main recommendations are 
summarized here, and new recommendations are 
marked and discussed. For the texts for the 2020 rec-
ommendations, please refer to the original paper6. 

High-dose chemotherapy (HDCT) for Germ Cell Tu-
mor (GCT)

Recommendation: HDCT should not be offered for 
frontline therapy in germ cell tumors (Level of Evi-
dence 1b, Grade of Recommendation A).

DOI: 10.46765/2675-374X.2023V4N1P195

CONSENSUS UPDATE

HEMATOPOIETIC STEM CELL TRANSPLANTATION FOR SOLID TUMORS

Leonardo Javier Arcuri1,2, Andreza Alice Feitosa Ribeiro1,2 e Décio Lerner1.

1. Instituto Nacional de Cancer, Rio de Janeiro, Brazil
2. Hospital Israelita Albert Einstein, São Paulo, Brazil

Corresponding author: Leonardo Arcuri (leonardojavier@gmail.com)

Received: 06 Feb 2023 • Revised: 10 Feb 2023 • Accepted: 25 Feb 2023.

Recommendation: HDCT should be offered as sec-
ond or third-line therapy of germ cell tumor, even 
in patients with mediastinal, platinum-refractory, 
or non-seminomatous GCT (Level of Evidence 2b, 
Grade of Recommendation B).

New recommendation: Poor-mobilizers should re-
ceive plerixafor (Level of Evidence: 4, Grade of Rec-
ommendation: C).

Recommendation: Conditioning regimen should be 
carboplatin and etoposide (Level of Evidence 1b, 
Grade of Recommendation A).

Recommendation: Two or three cycles of HDCT 
should be offered instead of one (Level of Evidence 
1b, Grade of Recommendation B).

Recommendation: For patients with residual disease fol-
lowing HDCT, surgical resection should be performed 
(Level of Evidence 4, Grade of Recommendation C).

STEM-CELL MOBILIZATION
G-CSF-mobilized peripheral blood stem-cell graft 
has largely replaced bone marrow7after appropri-
ate pharmacologic mobilization, have largely re-
placed bone marrow as the principal source of HSCs 
in transplants. As it is currently common practice 
to perform tandem or multiple sequential cycles of 
HDCT, it is anticipated that collection of large num-
bers of HSCs from the peripheral blood is a prereq-
uisite for the success of the procedure. Moreover, 
the CD34+ cell dose/kg of body weight infused after 
HDCT has proven to be a major determinant of he-
matopoietic engraftment, with patients who receive 
> 2 × 106 CD34+ cells/kg having consistent, rapid, 
and sustained hematopoietic recovery. However, 
many patients with relapsed/refractory GCTs have 
been exposed to multiple cycles of myelosuppres-
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sive chemotherapy, which compromises the efficacy 
of HSC mobilization with granulocyte colony-stimu-
lating factor with or without chemotherapy. There-
fore, alternative strategies that use novel agents in 
combination with traditional mobilizing regimens 
are required. Herein, after an overview of the mech-
anisms of HSCs mobilization, we review the existing 
literature regarding studies reporting various HSC 
mobilization approaches in patients with relapsed/
refractory GCTs, and finally report newer experi-
mental mobilization strategies employing novel 
agents that have been applied in other hemato-
logic or solid malignancies.”,”container-title”:”World 
Journal of Clinical Oncology”,”DOI”:”10.5306/
wjco.v12.i9.746”,”ISSN”:”2218-4333”,”issue”:”9”,”-
journalAbbreviation”:”World J Clin On-
col”,”language”:”eng”,”note”:”PMID: 34631440\
nPMCID: PMC8479351”,”page”:”746-766”,”source”:”-
PubMed”,”title”:”Hematopoietic stem cell mobiliza-
tion strategies to support high-dose chemotherapy: 
A focus on relapsed/refractory germ cell tumors”,”ti-
tle-short”:”Hematopoietic stem cell mobilization 
strategies to support high-dose chemotherapy”,”vol-
ume”:”12”,”author”:[{“family”:”Porfyriou”,”given”:”Ele-
ni”},{“family”:”Letsa”,”given”:”Sylvia”},{“family”:”Kos-
mas”,”given”:”Christos”}],”issued”:{“date-parts”:[[“2
021”,9,24]]}}}],”schema”:”https://github.com/cita-
tion-style-language/schema/raw/master/csl-cita-
tion.json”} . Peripheral blood graft collection is more 
convenient and associated with faster hematopoietic 
recovery. However, these patients usually have been 
exposed to platinum and other alkylating agents 

and therefore mobilization failure is not uncommon. 
Corbingi et al have demonstrated the feasibility of a 
“on-demand” approach using plerixafor for patients 
with low peripheral CD34 cells following mobiliza-
tion with G-CSF (poor mobilizers) in patients with 
relapsed/refractory germ cell tumors8.

HIGH-DOSE CHEMOTHERAPY FOR OTHER SOLID 
TUMORS
Recommendation: HDCT should be offered for ovar-
ian germ tumor or gestational trophoblastic tumor, 
chemorefractory (Level of Evidence 4, Grade of Rec-
ommendation C).

Recommendation: HDCT should not be offered 
to any kind of breast cancer (Level of Evidence 1a, 
Grade of Recommendation A).

Recommendation: HDCT should not be offered for 
ovary or lung cancer (Level of Evidence 2b, Grade of 
Recommendation B).

Recommendation: HDCT should be offered to pa-
tients with high-risk localized Ewing sarcoma (Level 
of Evidence 1b, Grade of Recommendation A). HDCT 
can be offered for relapsed Ewing sarcoma (Level of 
Evidence 2a, Grade of Recommendation B)

Allogeneic stem cell transplantation in solid tumors

Recommendation: There is no data to recommend 
allogeneic stem-cell transplantation in solid tumors 
in any setting.
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INSTITUTION CARBOPLATIN ETOPOSIDE CYCLOPHOSPHAMIDE # TRANSPLANTS

MSKCC11dose-intense chemotherapy 
with paclitaxel and ifosfamide followed 

by carboplatin and etoposide (TICE
AUC=24 1,200mg/m2 x 3

Indiana12 * 2,100mg/m2 2,250mg/m2 x 2

MSKCC13 1,500mg/m2 1,200mg/m2 150mg/kg 2

Germany14 1,500mg/m2 1,500mg/m2 x 3

Cisplatin Etoposide Ifosfamide # Transplants

EORTC14etoposide, and ifosfamide (VIP 100mg/m2 1,500mg/m2 12,000mg/m2 3

TABLE 1. Selected conditioning regimens

*etoposide oral maintenance 50mg/day x 21 days every 4 weeks for 3 cycles
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Version 2022 updates of Version 2020 of the VI Consen-
sus of the Brazilian Society of Bone Marrow Transplan-
tation for Graft-versus-Host-Disease (GVHD) include:
Table 1: GVHD prophylaxis regimens used, with lev-
els of evidence and grades of recommendation:
New evidence of GVHD prophylaxis with post-trans-
plantation cyclophosphamide (PTCy) in myeloabla-
tive (MA) allogeneic hematopoietic stem cell trans-
plantation (allo-HSCT) from matched related and 
matched and mismatched unrelated donors;
New evidence of GVHD prophylaxis with PTCy in 
reduced intensive conditioning (RIC) and non-mye-
loablative (NMA) allo-HSCT.

Table 2: First-line therapy for grade I-IV acute GVHD 
(aGVHD), with levels of evidence and grades of rec-
ommendation:

Included treatment for Grade I and IIa aGVHD;
Included definition of Grade IIa aGVHD and options 
of topical therapies. 
Included Table 3: chronic GVHD (cGVHD) indication 
for systemic treatment.
Included Table 4 with first-line therapy of cGVHD, with 
criteria for initiating systemic treatment, and with lev-
els of evidence and grades of recommendation.
Included Table 5: Definition of steroid refractoriness 
or resistance, steroid dependence, and steroid intol-
erance for aGVHD and cGVHD.
Table 7:  Second-line therapy of cGVHD, with levels 
of evidence and grades of recommendation:
New level of evidence for ruxolitinib, Level 1b, Grade 
of recommendation A; 
Included belumosudil.
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INTRODUCTION
Graft-versus-host disease (GVHD) can develop af-
ter allogeneic hematopoietic cell transplantation 
(allo-HSCT) when immune cells from a non-iden-
tical donor (the graft) initiate an immune reaction 
against a transplant recipient (the host). Acute GVHD 
(aGVHD) and chronic GVHD (cGVHD) are multisys-
tem disorders that are distinguished by their clinical 
findings, according to National Institutes of Health 
(NIH) consensus criteria1.

Despite prophylactic treatment with immuno-
suppressive agents, 20-80% of recipients develop 
aGVHD after allo-HSCT2. The main risk factors for 
aGVHD are HLA-mismatch between donor and re-
cipient; gender disparity between donor and pa-
tient; conditioning regimen intensity; prophylaxis 
regimen used; progenitor stem cell source (periph-
eral blood > bone marrow > umbilical blood cord)3.

The Mount Sinai Acute GVHD International Consor-
tium (MAGIC) has recently allowed for a better stan-
dardization of the criteria for classification and data 

TYPE OF ALLO-HSCT PROPHYLAXIS REGIMEN LEVEL OF EVIDENCE

MA allo-HSCT from matched related 
and matched and mismatched 

unrelated donors 

Calcineurin inhibitor and Methotrexate 
(MTX)9–15 Level 1a, grade of recommendation A

Calcineurin inhibitor and Mycophenolate 
Mofetil (MMF)14–19 Level 1a, grade of recommendation B

High-Dose PTCy (50 mg/kg on D+3 and 
D+4) 20–29 (for adults)

Level 2b, grade of recommendation C

Level 3b, grade of recommendation B
Level 2b, grade of recommendation B

RIC and NMA allo-HSCT 
Calcineurin inhibitor and MMF30

PTCy (50 mg/kg on D+3 and D+431,32 (for 
adults)

Level 4, grade of recommendation C
Level 2b, grade of recommendation B
Level 1b, grade of recommendation A

HLA-identical allo-HSCT from related 
and unrelated donors using PBSC as 

stem cell source

Rabbit Antithymocyte Globulin (rATG) < 6 
mg/kg33–40 Level 1a, grade of recommendation A

Haploidentical allo-HSCT – Baltimore 
protocol

High-Dose PTCy (50 mg/kg on D+3 and 
D+4) plus a calcineurin inhibitor and 

MMF41–43
Level 2b, grade of recommendation B

Haploidentical allo-HSCT – Beijing 
protocol

High-Dose rATG (10 mg/kg), MMF, 
calcineurin inhibitor, and MTX44 Level 2b, grade of recommendation B

Legend: GVHD: graft-versus-host disease; allo-HSCT: allogeneic hematopoietic stem cell transplant; MA: myeloablative; PTCy: post-transplant cyclophosphamide; NMA: 
non-myeloablative; RIC: reduced-intensity conditioning; HLA: human leukocyte antigen; PBSC: peripheral blood stem cells.

collection related to aGVHD4. It is currently regarded 
as the most appropriate method for the diagnosis, 
staging, and grading of aGVHD4,5. The app for grad-
ing can be accessed at https://www.uzleuven.be/
egvhd.

With a prevalence of 30-70% among allo-HSCT re-
cipients, cGVHD remains the main cause of long-
term post-transplant morbidity and mortality in this 
population6–8. The cumulative incidence of cGVHD 
at 2 years in patients undergoing related or unrelat-
ed, bone marrow or peripheral blood stem cell al-
lo-HSCT, as defined by the NIH criteria, was 34%3. Risk 
factors associated with cGVHD were HSCT with HLA-
matched unrelated donors, HLA mismatched related 
donors, or HLA-mismatched unrelated donors, use 
of a female donor for a male recipient, grafting with 
mobilized blood, and older donor and recipient age3. 
cGVHD is classified and severity is graded according 
to the widely-accepted NNIH consensus criteria1.The 
app for the assessment of cGVHD can be accessed at 
https://www.uzlHYPERLINK “https://www.uzleuven.
be/egvhd”euven.be/egvhd.

TABLE 1: GVHD prophylaxis regimens, with levels of evidence and grades of recommendation
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TABLE 2: First-line therapy for grade I-IV aGVHD, with levels of evidence and grades of recommendation

GRADE TREATMENT LEVEL OF EVIDENCE

I

Optimize prophylaxis regimen, adjust calcineurin 
inhibitor trough levels, add topical agents (corticosteroids 

or tacrolimus). No systemic immunosuppression is 
recommended45

Level of evidence 1b, grade of 
recommendation A

IIa (less severe forms)

Start MP 0.5-1mg/kg/day, escalating up to 2 mg/kg if 
worsening occurs after 72h46. Concomitant calcineurin 

inhibitor (cyclosporine or tacrolimus) prophylaxis should not 
be withdrawn

Non-absorbable glucocorticoids (beclomethasone and 
budesonide) for mild upper or lower GI aGVHD (500-
1000 ml/stool output/day) as an adjuvant to systemic 

corticosteroids47,48

Level of evidence 1b, Grade of 
recommendation A

Level of evidence 1b, Grade of 
recommendation A

II-IV
Start MP 2mg/kg/day or its prednisone equivalent49. 

Concomitant calcineurin inhibitor (cyclosporine or 
tacrolimus) prophylaxis should not be withdrawn

Level of evidence 1a, Grade of 
recommendation A

Grade IIa: any combination that includes rash covering < 50% of the body surface area (BSA) and not progressing rapidly within the first 6-24 hours, anorexia, nausea, em-
esis or diarrhea < 1 L day (children < 20 mL/kg/day), and absence of liver involvement (bilirubin < 2 mg/dL in the absence of either hepatic complications or < 3 mg/dL if 
hepatic complications other than GVHD are present); mild GVHD confined to the skin which involves < 50% of the total BSA not rapidly progressing does not usually require 
treatment with prednisone50.

Legend: aGVHD: acute graft versus host disease; MP: methylprednisolone; GI: gastrointestinal.

TABLE 3: cGVHD indication for Systemic Treatment1 - Level of evidence 2b, Grade of recommendation B

GLOBAL SEVERITY HIGH RISK FOR MORTALITY* SYSTEMIC TREATMENT 

Mild No No

Mild Yes Yes#

Moderate No/Yes Yes

Severe No/Yes Yes

* Platelets <100,000/mm3 or receiving steroids at time of diagnosis of cGVHD 

 # The benefits of graft-vs.-tumor effect and the risk of cGVHD need to be weighed

TABLE 4: First-line therapy of cGVHD, with levels of evidence and grades of recommendation

Treatment Level of evidence 

Standard treatment consists of prednisone at a dose of 1mg/kg/day 
and cyclosporine2,51

Level of evidence 1c, Grade of recommendation A

Legend: cGVHD: chronic graft-versus-host disease.

Criteria for initiating systemic treatment for cGVHD: score >2 in at least one organ, involvement of three or more organs with score 1, lung score 1 or 2, and mild cGVHD with 
high-risk features (thrombocytopenia <100.000/mm3 and use of immunosuppressants at cGVHD diagnosis)52
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TABLE 5:  Definition of steroid refractoriness or resistance, steroid dependence, and steroid intolerance for 
aGVHD and cGVHD5 - Level of evidence 5, Grade of recommendation D

AGVHD CGVHD

Refractoriness or resistance

Progression of aGVHD within 3–5 days of therapy 
onset with ≥2 mg/kg/day of prednisone

OR failure to improve within 5–7 days of treatment 
initiation OR incomplete response after >28 days of 
immunosuppressive treatment including steroids

cGVHD progression while on 
prednisone at ≥1 mg/kg/day for 

1–2 weeks OR stable GVHD while 
on ≥0.5 mg/kg/day of prednisone 

for 1–2 months

Dependence
Inability to taper prednisone below 2 mg/kg/day 
OR recurrence of aGVHD activity during steroid 

tapering

Inability to taper prednisone 
below 0.25 mg/kg/day in at 

least two unsuccessful attempts 
separated by at least 8 weeks

Intolerance Emergence of unacceptable toxicity due to the use 
of corticosteroids

Legend: aGVHD: acute graft-versus-host disease; cGVHD: chronic graft-versus-host disease.

TABLE 6: Second-line therapy for grade II-IV aGVHD, with levels of evidence and grades of recommendation 

MMF Level of evidence 2b, Grade of 
recommendation C53–56

Complete Response (CR) and Partial 
Response (PR) rates of up to 77% in 6 

months. 

Extracorporeal Photopheresis Level of evidence 2a, Grade of 
recommendation B57–68

Overall response rates (ORR) of 84% in 
aGVHD of the skin and 65% in that of the 

gut

ATG Level of evidence 2b, Grade of 
recommendation C69,70

ORR between 20% and 50%, particularly in 
aGVHD of the skin

Basiliximab Level of evidence 2b, Grade of recommendation B71,72
Response rates of approximately 80%, with an overall survival of 30% at 5 years

Infliximab and Etarnecept Level of evidence 2b, Grade of 
recommendation C73

ORR of approximately 70%, particularly in 
aGVHD of the gut

Ruxolitinib Level of evidence 1b, Grade of 
recommendation A74–79

REACH2* phase III study showed an ORR of 
62% at 28 days, compared to a 39% ORR in 

the control group

Mesenchymal 
Stromal Cell infusion

Level of evidence 2c, Grade of 
recommendation B80

ORR 50%; the estimated probability of 
survival at 2 years was 17.4%.

Legend: MMF: mycophenolate mofetil; ATG: antithymocyte globulin; aGVHD: acute graft-versus-host disease.
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TABLE 7: Second-line therapy of cGVHD, with levels of evidence and grades of recommendation

Extracorporeal 
Photopheresis 

Level of evidence 1b, Grade of 
recommendation A67,81–85

Mucocutaneous manifestations, with complete response (CR) 
rates of > 80% and significant improvement of sclerotic cGVHD.

MMF Level of evidence 4, Grade of 
recommendation B86,87

Overall response rates (ORR) vary between 23% and 79% in 
several case series

Sirolimus Level of evidence 4, Grade of 
recommendation B88–90 ORR varying between 63% and 81% in several case series

Rituximab Level of evidence 2b, Grade of 
recommendation B91– 93 

Mucocutaneous and musculoskeletal manifestations, with an 
ORR of approximately 70%

Imatinib Level of evidence 2b, Grade of 
recommendation B93, 94

Cutaneous, ocular, and gut manifestations, with an ORR 
between 50% and 80%

Methotrexate Level of evidence 4, Grade of 
recommendation B95, 96 ORR varying between 58.8% and 71% in most case series

Ibrutinib Level of evidence 2b, Grade of 
recommendation B97, 98 ORR of 67%, with a 21% CR rate

Ruxolitinib Level of evidence 1b, Grade of 
recommendation A99 

ORR of 49.7% vs 25.6% for ruxolitinib and controls, respectively 
(odds ratio, 2.99; P<0.001); longer median failure-free survival 

for ruxolitinib than control, >18.6 months vs. 5.7 months (hazard 
ratio, 0.37; P<0.001), and higher symptom response, 24.2% vs. 

11.0% (odds ratio, 2.62; P = 0.001). 

Belumosudil Level of evidence 2b, Grade of 
recommendation B100

ORR for belumosudil 200 mg daily x 200 mg twice daily was 74% 
(95% CI, 62-84%) and 77% (95% CI, 65-87%); symptom reduction 
with belumosudil 200 mg daily and 200 mg twice daily was 59% 

and 62%, respectively.

Legend: cGVHD: chronic graft-versus-host disease; MMF: mycophenolate mofetil.
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Hematopoietic stem cell transplantation (HSCT) is 
associated with several skin manifestations includ-
ing acute and chronic graft-versus-host disease 
(GVHD), disease relapse, opportunistic infections, 
and drug reactions, which can overlap with each 
other. The assertive diagnosis must be carried out 
before establishing a treatment plan1.

Acute GVHD (aGVHD) is a common complication in 
the early period post HSCT and the skin is often the 
first and most commonly affected organ. Symptoms 
begin 1-3 weeks after HSCT and appear as maculo-
papular lesions, sometimes painful and/or pruritic, 
initially on the side of the neck, face, palms, plants, 
and ears, with the possibility of progression to 
erythroderma and bullous lesions similar to Steven 
Johnson’s syndrome/NET 2,3. The role of skin biopsy 
in diagnosis is still controversial 4,5.

Chronic GVHD (cGVHD) is the most important late 
complication of HSCT. The skin is the organ most 
commonly involved and occurs in approximately 
75% of patients 6. The NIH 7 consensus in 2014 sug-
gested clinical manifestations for the diagnosis of 
cutaneous cGVHD: poikiloderma, lichen planus, and 
scleroderma alterations (morphea, lichen sclerosus, 
mobile, and non-mobile scleroderma). Other non-di-
agnostic findings include depigmentation, vitili-
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go, alopecia, and erythematopapular lesions with 
desquamation. Rarer clinical presentations include 
pityriasis rosea like, psoriasiform changes, and follic-
ular keratosis 8. Cutaneous manifestations of cGVHD 
are associated with itching and pain, reduced joint 
mobility, and increased risk of wound infections 9. 
The immunomodulation resulting from prolonged 
therapy base on corticosteroids and a large number 
of second-line steroid-sparing therapies remains the 
focus of treatment for cGVHD.

Patient support is the basis for the treatment of cu-
taneous GVHD regarding the prevention and proper 
handling of dermatological changes and their symp-
toms, such as control of itching and pain; prevention 
of changes in joint mobility; topical treatment of ero-
sions, ulcerations, and consequent superinfection.

Dermatological support includes direct skin therapy 
(DST), with the use of topical agents with anti-in-
flammatory and immunosuppressive action, and 
direct measures, with educational, psychosocial, and 
preventive actions, to control the symptoms and/or 
complications resulting from GVHD and of the drugs 
used to treat it. Unfortunately, responses to immu-
nomodulation are often partial and patients contin-
ue to experience relapses of the disease and symp-
toms that impair quality of life. (Figure 1)
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The treatment of aGVHD grade I (mild) should con-
sist of the optimization of prophylactic regimens, for 
example, with adjustment of cyclosporine or tacroli-
mus doses to achieve therapeutic serum levels. The 
use of corticosteroids and topical immunomodula-
tors and systemic antihistamines helps in the control 
of pruritus and skin lesions. There is no indication of 
systemic immunosuppression.

The manifestations of mild GVHD (skin and mouth) 
can be treated with topical immunosuppression, 
avoiding systemic immunosuppressive (SI)10 ther-
apy. Clinical control of the disease aims to reduce 
morbidity and mortality with supportive measures 
such as DST that can improve cutaneous symptoms 
and quality of life of patients. Also, the optimized 
use of DST can reduce the amount of systemic im-
munosuppression required1, a fundamental factor in 
patients at high risk of relapse, so as not to interfere 
with the graft-versus-tumor effect11.

PREVENTION MEASURES
Photoprotection: anti-UVA and anti-UVB blockers (≥ SPF30)
Avoid sun exposure (especially between 10:00 and 16:00)
Protection with clothes
Avoid photosensitizing agents

TREATMENT
• Intact skin

Symptomatic treatment with emollient and antipruritic 
agents
Topical corticosteroids
Phototherapy (PUVA, UVA1, UVB, UVB-NB)
Topical calcineurin inhibitors (pimecrolimus and 
tacrolimus)

• Manifestations of sclerosis affecting the joint
Deep muscle massage/fascia
Assessment of muscle strength at each visit
Guidance on physical and occupational therapy
Stretching exercises
Isokinetic, isometric, isotonic exercises
Surgical release

 • Erosions and ulcerations
Oral and topical antimicrobials
Debridement and occlusive dressings on wounds
Edema control     

PEDIATRIC CONSIDERATIONS
Systemic adverse effects of topical steroids can often occur 
in children due to the large surface area to be treated
Although low-potency topical steroids (1 to 2.5% 
hydrocortisone) are safe, medium and high potency 
steroids can be used in limited areas for a short time (<3-4 
weeks)
Topical steroids under occlusion are not recommended
The use of potent steroids in children <1 year is not 
recommended

FIGURE 1. Dermatological Support Therapy for 
Cutaneous GVHD 9  

In moderate to severe GVHD, DST can be useful as 
an adjunct to increase the local response and facili-
tate the reduction of IS and toxicity. In the absence 
of poor prognostic factors, such as thrombocytope-
nia (<100 000/μL), topical agents can be used as the 
primary treatment of cutaneous GVHD without the 
need for ISI (Figure 2).9

• Preventive measures for the development and ex-
acerbation of GVHD
Ultraviolet (UV) radiation can cause exacerbation 
of cutaneous GVHD 12. Photoprotection includes 
avoiding sun exposure, using chemical and physical 
photoprotectors that protect against UVA and UVB 
radiation (titanium dioxide, Mexoryl SX, or avoben-
zone), and wearing clothes with fabric that allows 
photoprotection.

• Avoiding Photosensitizing Agents
Several prescribed medications are associated with 
drug phototoxicity skin rashes, which appear as le-
sions similar to severe sunburn and/or itching. The list 
of these medications is extensive, but voriconazole de-
serves special attention because of its frequent use and 
its association with phototoxic reactions and increased 
risk of cutaneous squamous cell carcinoma 13,14.

•Local therapies and care to keep the skin barrier intact
On intact skin, lubrication with emollients reduces 
itching and maintains the integrity of the skin bar-
rier, which is essential for innate immunity. Formula-
tions based on 3-10% urea are also effective, but care 
must be taken as they can be irritating when applied 
to inflamed skin in children and elderly patients.

• Direct skin therapy (DST)
DST should be maintained as long as symptoms are 
present

TOPICAL STEROIDS (LEVEL OF EVIDENCE 1B, LEVEL OF 
RECOMMENDATION A)
This is the first-line treatment for GVHD and mild to 
moderate cutaneous GVHD. Steroids have effects in 
reducing inflammatory epidermal cells, in responses to 
dendritic cells, in the synthesis of pro-inflammatory fac-
tors and collagen production. The degree of potency of 
topical corticosteroids is prescribed according to the 
affected site, vehicle, anatomical region, and depth of 
the lesion (epidermis - dermis - subcutaneous). (Figure 
3). Thus, high potency such as clobetasol propionate 
and fluocinolone acetonide is prescribed for small ar-
eas and for a short time in lesions located on the body, 
palms and soles, and low and medium potency for face 
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FIGURE 2. Algorithm for the diagnosis and therapeutic orientation of cutaneous GVHD 9

and more extensive and long-term areas, such as triam-
cinolone, desonide and hydrocortisone 15. The scalp is 
the exception to the rule, where high-power corticoste-
roids can be used in vehicles based on solutions or oils.

For epidermal changes in GVHD such as ichthyosi-
form, lichenoid, and papules with desquamation, ve-
hicles in the form of ointments may be used.

For scleroderma forms, high potency corticosteroids 
class 1 (for example clobetasol propionate) or class 2 
(fluocinonide) should be indicated as first-line therapy.

For localized skin changes, steroids can be occlusive 
applied to increase effectiveness (products contain-
ing steroids in adhesive plastics or simply covering 
the cream with plastic).

For large areas, we should give preference to vehi-
cles in the form of an emulsion or creamy lotion for 
ease of use.

The adverse effects of topical corticosteroids include 
skin atrophy, vascular dilation, acneiform rash, and 
hypopigmentation.

Corticoid 
potency

High power
Ex. clobetasol propionate 0.05%/

Betamethasone Dipropionate 0.05%

Moderate Power
Ex-mometasone furoate 0.1%/Betamethasone 
valerate 0.05%/fluticasone propionate 0.05%

Low power
Ex: 

hydrocortisone

Face It should be avoided 2 x day 
6-12 months

2 x day 
Prolonged use

Body 2 x day
4-12 weeks

Palms and soles 2 x day
It can be used under occlusion to increase 

the response. Prolonged use may occur

FIGURE 3- Use of topical corticosteroids in cGVHD
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TOPICAL CALCINEURIN INHIBITORS (LEVEL OF 
EVIDENCE 2B, LEVEL OF RECOMMENDATION C)
Topical tacrolimus is widely used as a corticoste-
roid-sparing agent for atopic dermatitis. It acts by 
reducing the expression of cytokine in the skin, and 
it is effective for GVHD with mild and moderate cu-
taneous and oral involvement 15-17. It can be used as 
a first-line treatment alone or in combination with 
topical steroids. In contrast to corticosteroids, tac-
rolimus does not affect collagen synthesis and can 
be used in areas of skin with signs of steroid atrophy 
and the appearance of stretch marks 3.

ORAL ANTIHISTAMINES
Pruritus in GVHD can have several origins such as 
dry skin, skin lesions, or the only symptom of disease 
activity. The 2nd generation oral antihistamines (less 
hepatic metabolism), such as fexofenadine, epinas-
tine, and bilastine, and the 1st generation for more 
intense cases such as hydroxyzine are indicated to 
reduce itching. For refractory symptoms, the use of 
gabapentin or low dose thalidomide (100mg) may 
be associated.

ULTRAVIOLET RADIATION THERAPY (LEVEL OF 
EVIDENCE 2B, LEVEL OF RECOMMENDATION C)
The experience with the use of ultraviolet radiation 
for the treatment of other inflammatory diseases 
stimulated the use of phototherapy with ultraviolet 
radiation A associated with psoralen-PUVA method 
and phototherapy with narrow-band ultraviolet B 
(UVBNB) to treat GVHD refractory to systemic corti-
cotherapy 18 -22. The mechanism of action is related to 
the reduction of inflammation and cutaneous sclero-
sis, mediated by depletion of antigen-presenting cells 
in the skin and reduction of interactions with donor 
T cells. Phototherapy also increases the production of 
vitamin D, which appears to increase regulatory T cells 
(T regs), involved in the pathology of GVHD 23.

PUVA is generally well tolerated with a high skin re-
sponse rate and mild adverse effects. There is no ev-
idence of the effectiveness of  PUVA for the involve-
ment of internal organs, but it should be considered 
in patients with cGVHD in whom additional systemic 
immunosuppression increases the risk of infection 
or interferes with the graft-versus-tumor response19. 
Feldreich et al.24 evaluated the response to PUVA 
treatment in 33 patients with aGVHD affecting the 

skin and other organs in a retrospective study, with 
a global response (complete and partial) of 64% and 
survival in 6 months of 64% and questioned a possi-
ble systemic effect of PUVA in other affected organs 
besides the skin.

PUVA is reserved for the treatment of dermal lesions 
(cGVHD mobile and non-mobile sclerosis), while 
UVBNB is indicated for vitiligo, lichen planus like, fol-
licular keratosis, children, low skin phototypes (fair 
skin), and localized morphea. Reports on the use of 
UVBNB in scleroderma have been increasing.25

In all phototherapy modalities, long-term carcino-
genesis and photoaging should be considered. 
However, the literature review involving 11 studies 
with approximately 3400 participants suggests that 
UVBNB phototherapy remains the safest modality 26. 
The current trend is to opt for UVBNB photothera-
py due to the lower risk of photocarcinogenesis and 
phototoxic reactions to drugs 27,28.

TOPICAL THERAPY AND CARE FOR NON-INTACT SKIN
Skin erosions and ulcerations in cGVHD are compli-
cated by poor nutrition, impaired skin barrier func-
tion, chronic disease, and concomitant immunosup-
pressive therapy. Primary and secondary infections 
in the lesions can be evaluated by microbiological 
cultures for bacteria, viruses, mycobacteria, and 
fungi. The differential diagnosis of non-infectious 
skin lesions includes vasculitis, recurrent malignan-
cy, GVHD, hypersensitivity, drug reactions, eczema, 
and primary skin cancer. In the naked area, topical 
antimicrobials (mupirocin and fusidic acid), prod-
ucts containing 1% silver sulfadiazine, and alginate 
hydrogel, protective films based on petrolatum can 
be used to improve healing.

Recalcitrant wounds should be treated together 
with the plastic surgeon and/or dermatologist, and 
those with slow healing can be treated with prod-
ucts based on hyaluronic acid, collagen, fibroblasts, 
and keratinocytes. Hyperbaric oxygen therapy has 
been used in wounds with little oxygenation. Com-
pressive therapy may be indicated to facilitate drain-
age in wounds with surrounding edema.

The appropriate use of dermatological support ther-
apies helps to manage skin changes after HSCT and 
quality of life. Multidisciplinary follow-up plays an 
important role in the effectiveness of treating cuta-
neous changes in GVHD.



JBMTCT. 2023 4(1)

JOURNAL OF BONE MARROW TRANSPLANTATION AND CELLULAR THERAPY  JBMTCT

56

REFERENCES
1. Kim Y, Lee G, Kwong B Y, et al. Evidence-based, 

Skin-directed Treatments for Cutaneous Chronic 
Graft-versus-host Disease. Cureus 2019;11(12): 
e6462.

2. Nassereddine S, Rafei H, Elbahesh E, et al. Acute 
Graft Versus Host Disease: A Comprehensive Re-
view. Anticancer Res. 2017;37(4):1547-55.

3. Kavand S, Lehman JS, Hashmi S, et al. Cutane-
ous manifestations of graft-versus-host dis-
ease: role of the dermatologist.  Int J Dermatol. 
2017;56(2):131-40.

4. Kuykendall TD, Smoller BR. Lack of specifici-
ty in skin biopsy specimens to assess for acute 
graft-versus-host disease in initial 3 weeks after 
bone-marrow transplantation. J Am Acad Der-
matol. 2003;49(6):1081-5. 

5. Haimes H, Morley KW, Song H, et al. Impact 
of skin biopsy on the management of acute 
graft-versus-host disease in a pediatric popula-
tion. Pediatr Dermatol. 2019;36(4):455-9.

6. Lee SJ, Flowers ME. Recognizing and managing 
chronic graft-versus-host disease. Hematology 
Am Soc Hematol Educ Program . 2008;134-41.

7. Jagasia MH, Greinix HT, Arora M, et al. National 
Institutes of Health Consensus Development 
Project on Criteria for Clinical Trials in Chronic 
Graft-versus-Host Disease: I. The 2014 Diagnosis 
and Staging Working Group report. Biol Blood 
Marrow Transplant. 2015;21(3):389-401.e1.

8. Cornejo CM, Kim EJ, Rosenbach M, et al. Atypical 
manifestations of graft-versushost disease. J Am 
Acad Dermatol. 2015;72(4):690-5.

9. El-Jawahri A. What else do I need to worry 
about when treating graft-versus-host disease? 
Hematology Am Soc Hematol Educ Program. 
2021;2021(1):655-61.

10. Filipovich AH, Weisdorf D, Pavletic S, et al. Na-
tional Institutes of Health consensus devel-
opment project on criteria for clinical trials in 
chronic graft-versus-host disease: I. Diagnosis 

and Staging Working Group report. Biol Blood 
Marrow Transplant. 2005;11(12):945-56. 

11. Lee SJ, Klein JP, Barrett AJ, et al. Severity of 
chronic graftversus-host disease: association 
with treatment-related mortality and relapse. 
Blood. 2002;100(2):406-14. 

12. Kitajima T, Imamura S. Graft-versus-host reac-
tion enhanced by ultraviolet radiation. Arch Der-
matol Res. 1993;285(8):499-501.

13. Patel AR, Turner ML, Baird K,et al. Voriconazole-in-
duced phototoxicity masquerading as chronic 
graft-versus-host disease of the skin in allogene-
ic hematopoietic cell transplant recipients. Biol 
Blood Marrow Transplant. 2009;15(3):370-6. 

14. Epaulard O, Leccia MT, Blanche S, et al. Phototox-
icity and photocarcinogenesis associated with 
voriconazole. Med Mal Infect. 2011;41(12):639-45.  

15. Wolff D, Gerbitz A, Ayuk F, et al. Consensus con-
ference on clinical practice in chronic graft-ver-
sus-host disease (GVHD): first-line and topical 
treatment of chronic GVHD. Biol Blood Marrow 
Transplant. 2010;16(12):1611-28.

16. Choi CJ, Nghiem P.Tacrolimus ointment in the 
treatment of chronic cutaneous graftvs-host 
disease: a case series of 18 patients. Arch Der-
matol. 2001;137(9):1202-6. 

17. Elad S, Or R, Resnick I, et al. Topical tacrolim-
us--a novel treatment alternative for cutaneous 
chronic graft-versus-host disease. Transpl Int. 
2003;16(9):665-70.

18. Vogelsang GB, Wolff D, Altomonte V, et al. Treat-
ment of chronic graft-versus-host diseasewith 
ultraviolet irradiation and psoralen (PUVA). Bone 
Marrow Transplant. 1996;17(6):1061-7.

19. Bouzas LF. 1996. Doença enxerto-contra-hos-
pedeiro crônica em transplante de medula ós-
sea:tratamento com psoraleno e ultravioleta A . 
Dissertação( Mestrado em Hematologia)-Facul-
dade de Medicina , Universidade Federal do Rio 
de Janeiro. Rio de Janeiro, 1996. 



57JBMTCT. 2023 4(1)

JOURNAL OF BONE MARROW TRANSPLANTATION AND CELLULAR THERAPY  JBMTCT

20. Bouzas LF, Ferman S, Matta JL , et al. Treat-
ment of chronic graft versus host disease with 
8-methoxypsoralen and ultravioleta. Blood. 
1993;82(supp1):420AR.

21. Ballester-Sánchez R, Navarro-Mira MÁ, de Un-
amuno-Bustos B, et al. The role of photothera-
py in cutaneous chronic graft-vs-host disease: a 
retrospective study and review of the literature. 
Actas Dermosifiliogr. 2015;106(8):651-7. 

22. Garbutcheon-Singh KB, Fernández-Peñas P. 
Phototherapy for the treatment of cutaneous 
graft versus host disease. Australas J Dermatol. 
2015;56(2):93-9.

23. van der Aar AM, Sibiryak DS, Bakdash G, et al. Vi-
tamin D3 targets epidermal and dermal dendrit-
ic cells for induction of distinct regulatory T cells. 
J Allergy Clin Immunol. 2011;127(6):1532-40.e7. 

24. Feldreich N, Ringden O, Emtestam L, et al. Pho-
tochemotherapy of Cutaneous Graft-versus-

Host Disease May Reduce Concomitant Visceral 
Disease. Dermatology. 2016;232(4):453-63. 

25. Feldstein JV, Bolanos-Meade J, Anders VL, et al. 
Narrowband ultraviolet B phototherapy for the 
treatment of steroid-refractory and steroid-de-
pendent acute graft-versus host disease of the 
skin. J Am Acad Dermatol 2011;65(4):733–8. 

26. Lee E, Koo J, Berger T. UVB phototherapy and 
skin cancer risk: a review of the literature. Int J 
Dermatol. 2005;44(5):355-60.

27. Treister N, Li S, Lerman MA, et al. Narrow-band 
UVB phototherapy for management of oral 
chronic graft-versus-host disease. Photoderma-
tol Photoimmunol Photomed. 2015;31(2):75-82. 

28. Sokolova A, Lee A, D Smith S. The Safety and 
Efficacy of Narrow Band Ultraviolet B Treatment 
in Dermatology: A Review. Am J Clin Dermatol. 
2015;16(6):501-31.



JBMTCT. 2023 4(1)

JOURNAL OF BONE MARROW TRANSPLANTATION AND CELLULAR THERAPY  JBMTCT

58

INTRODUCTION
Endocrinological disorders after pediatric hemato-
poietic stem cell transplantation (HSCT) result from 
the synergistic interaction between the underlying 
disease, host characteristics, exposure to pre- and 
peri-HSCT factors (chemotherapeutic agents, con-
ditioning and radiotherapy regimen, RT) and post-
HSCT factors, including graft-versus-host disease 
(GVHD) and its treatment.1-4
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ABSTRACT

Endocrine disorders after pediatric hematopoietic stem cell transplantation result from the 
interaction between the underlying disease, host characteristics and treatment, including 
exposure to pre- and peri-transplant agents (chemotherapy and radiotherapy). In addition, 
post-transplantation factors, including graft-versus-host disease, and its treatment, especial-
ly glucocorticoids, also contribute to hormone deficiencies or endocrine disorders. Endo-
crinological alterations can be divided into six main groups: 1) Growth disorders; 2) Thyroid 
diseases; 3) Gonadal dysfunction; 4) Adrenal failure; 5) Osteometabolic disorders; 6) Obesity 
and metabolic syndrome. The purpose of this article is to update screening recommenda-
tions and management approaches for the various endocrine diseases, defining populations 
at risk, recommendations during follow-up, and treatment strategies, with attention to con-
troversial issues.

KEYWORDS: Bone Marrow Transplantation. Graft vs Host Disease. Glucocorticoids. Growth 
Disorders. Adrenal Insufficiency. Thyroid gland/radiation effects. Gonads/drug effects. Adi-
posity. Atherosclerosis. Bone and bones/metabolism.

Endocrinopathies are the most frequent late effects 
associated with HSCT, with almost 60% of those af-
fected having had HSCT before 10 years of age, and 
onset between 0.8 to 9.5 years after HSCT. They are 
divided into six main groups: 1) Growth disorders; 2) 
Thyroid diseases; 3) Gonadal dysfunction; 4) Adrenal 
failure; 5) Osteometabolic disorders; 6) Obesity and 
metabolic syndrome.1-4
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The goal of this paper is to present, in Tables 1 and 2 (attached), a summary of the recommendations 
of the 2020/2021 Consensus1, with revised aspects, supported by retrospective studies and international 
guidelines, and/or experience with non-transplanted patients, in order to define populations at risk and 
management strategies for the follow-up and treatment of endocrinopathies after HSCT, with attention to 
controversial issues.4-10

TABLE 1 - Screening recommendations for endocrinopathies after pediatric hematopoietic 
stem cell transplantation (HSCT)

Endocrinopathy Related treatments Population at risk How to do the screening? Frequency

Growth disturbances
Cranial RT 

TBI
Glucocorticoid

Growing phase 
and exposed to the 
related treatments 

Clinic: height, BMI, growth velocity, 
target height, Tanner stage

Imaging: bone age
Laboratory: FT4 and TSH, GH/IGF-

1axis

Every 6 months

Thyroid diseases

Cervical RT 
Cranial and/or 
craniospinal RT 

TBI

Exposed to the 
related treatments

Clinic: thyroid palpation
Laboratory: FT4 and TSH

Imaging: thyroid US (controversial)

Yearly, start 1 year 
after HSCT 

Gonadal dysfunction

Cranial and/or pelvic/
testicular RT

TBI
Alkylating drugs

Heavy metals

Exposed to the 
related treatments

Clinic: Tanner stage
Laboratory:

Female > 12-13 years: E2, LH, FSH
Male > 13-14 years: T, LH, FSH

Semen analysis (fertility)

Yearly

Adrenal failure
Glucocorticoid 

Cranial RT 

Exposed to high 
and prolonged 
glucocorticoid 
doses (GVHD)

Cranial RT (rare)

Clinic: fatigue, anorexia, nausea, 
vomiting, weight loss, hypotension 

Laboratory: hyponatremia, 
hyperkalemia and hypoglycemia

After glucocorticoid 
therapy 

discontinuation and 
cranial RT (yearly) 

Osteometabolic 
disturbances

Cranial RT and/or TBI
Glucocorticoid

Metotrexate
Calcineurin inhibitors 

All survivors Bone mineral density (DXA) 

Start 1 year after 
HSCT 

Repeat according to 
detected alteration

Obesity and metabolic 
syndrome

Cranial RT 
TBI All survivors 

Clinic: BMI, circumferences and 
blood pressure

Laboratory: glucose, insulin, 
HOMA1-IR, glycated hemoglobin 

(HbA1c), lipids

Clinic: yearly
Laboratory: every 2 
years. If alteration, 
individualize each 

case 

Abbreviations: RT: radiotherapy; TBI: total body irradiation; BMI: body mass index; FT4: free thyroxin; TSH: thyroid-stimulating hormone; GH: growth hormone; IGF-1: 
insulin-like growth factor 1; US: ultrasound; E2: estradiol; LH: luteinizing hormone; FSH: follicle-stimulating hormone; T: total testosterone; GVHD: graft-versus-host 
disease; DXA: dual energy x-ray absorciometry; HOMA1-IR: homeostase model assessment-insulin resistance. Adapted from van Iersel et al., 2021; Paetow et al., 2020 and 
Chow et al., 2016.
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TABLE 2 - Management of endocrinopathies after hematopoietic stem cell transplantation (HSCT)

Endocrinopathy General considerations Complementary exams How to treat? Observations/controversies

GH deficiency

Investigate nutritional 
and pubertal disorders, or 

hypothyroidism
Spinal RT: measure sitting 

height 
Pubertal spurt poor (limited 

trunk growth)

Bone age
FT4 and TSH

GH stimulation tests
IGF-1

rhGH replacement 
after discussion of 

risks and benefits with 
oncologist and family

Recurrence and second 
malignancy 

No strategy improves 
pubertal growth

No recommendation for 
short stature and non-GH 

deficient children

Hypothyroidism Investigate graft donor-related 
autoimmune disease

FT4 and TSH
Antithyroid antibodies

Sodium levothyroxin in 
overt hypothyroidism 

(TSH > 10 mIU/L)

There is no recommendation 
for treatment of borderline 

TSH (5-10 mIU/L) with 
normal FT4

Thyroid cancer risk

Thyroid cancer

Thyroid nodules or cervical 
lymph nodes in a thyroid 

exposed to RT
Therapeutic 131-I-MIBG

US-guided fine needle 
aspiration (FNA) of 
suspicious nodule

Equal to thyroid 
cancer in the 

general population: 
thyroidectomy and 

therapeutic iodine if 
necessary

US in screening for nodules 
is controversial

Ovarian failure

Age of onset and progression 
of puberty, menstrual history, 

and libido
Ovary poorly resistant to drugs 

and RT (hormonal and germ 
portions are equally impaired)

Precocious menopause

E2, FSH, LH

E2 to induce puberty 
(adolescents) and 

improve bone, heart 
and psychological 

health in young adults
Discuss fertility 

preservation: specialist 
services

Hormone replacement: 
transdermal route if 

thrombosis
No increased risk of relapse 

or breast cancer
Fertility preservation in 

prepubescent still limited

Male 
hypogonadism

Age of onset and progression 
of puberty, signs of 
hypoandrogenism

Testicle is compartmentalized: 
Leydig is more resistant than 

Sertoli 
Alkylating drugs impair testis 

growth (germ epithelium)

T, LH (Leydig function 
indicates hormone 

production)
FSH (Sertoli function 

indicates fertility)
Sperm analysis (fertility, if 

desired)

Many male presents 
with spontaneous 

puberty and 
satisfactory hormone 

production despite 
infertility (Leydig 

function more 
resistant than Sertoli)
Discussion of fertility 

preservation 

T concentration that 
indicates replacement still 

controversial, consider if T < 
300 ng/dL

Fertility preservation in 
prepubescent still limited

Adrenal failure

Chronic fatigue, weakness, 
anorexia, nausea, vomiting, 

weight loss, postural 
hypotension, hyponatremia, 

hypokalemia, and 
hypoglycemia

Cortisol, ACTH and/or 
ACTH stimulation test

Discontinuation of 
prolonged high-dose 

glucocorticoid therapy 
should be gradual

Consider “stress dose” 
during acute illness

Adrenal function usually 
recovers once exogenous 
glucocorticoid therapy is 

discontinued, but recovery 
time is variable

Low bone mineral 
density

Nutritional status and lifestyle
Rule out hormone deficiency 

(hypogonadism and GH 
deficiency)

Effect of medications 
(glucocorticoid)

25OH vitamin D
Calcium, phosphorus, 

alkaline phosphatase, PTH 
and renal function

DXA

Improve calcium 
intake and physical 

activity, encourage sun 
exposure if possible
Vitamin D deficiency 
and other hormone 
deficits should be 

treated

Consider bisphosphonate 
if: Z-score < -2.0 (child) or 

T-score < -2.5 (adult), and/or 
multiple fractures 

Ideal regimen not yet 
defined

Obesity and 
metabolic 
syndrome

Sarcopenic obesity: assessing 
body composition and fat 

distribution 
Consider atherosclerosis and 
premature cardiovascular risk 

(epidemiological)
Family history and lifestyle

Blood pressure
Glucose, insulin and 

HOMA1-IR
Glycated hemoglobin 

(HbA1C)
Lipids

Healthy lifestyle: food 
and physical activity

Pharmacotherapy in obesity 
and insulin resistance

Treatment of hypertension 
and dyslipidemia follows 

specific consensus

Abbreviations: GH: growth hormone; RT: radiotherapy; FT4: free thyroxin; TSH: thyroid-stimulating hormone; IGF-1: insulin-like growth factor 1; rhGH: recombinant 
human GH; MIBG: metaiodobenzilguanidine; US: ultrasound; E2: estradiol; LH: luteinizing hormone; FSH: follicle-stimulating hormone; T: total testosterone; ACTH: 
adrenocorticotropic hormone; PTH: parathyroid hormone; DXA: dual energy x-ray absorciometry; HOMA1-IR: homeostase model assessment-insulin resistance. Adapted 
from van Iersel et al. 2021; Paetow et al., 2020 and Chow et al., 2016.
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KEY POINTS

MOBILIZATION AND COLLECTION OF PERIPHERAL 
HEMATOPOIETIC PROGENITOR CELL (HPC) 
Standard mobilization: filgrastim (G-CSF) 10 to 
20µg/kg/day in one or two administrations for 5 
days, with the first collection on day 5.(1) 

Alternative mobilization (chemotherapy and 
G-CSF association): vinorelbine 35 mg/m2; cyclo-
phosphamide (Cy) 2 to 4 grams/m2 or etoposide 375 
mg.(1)

Rescue mobilization: plerixafor (0.24 mg/kg, 9 to 
12 hours before collection) with G-CSF or chemo-
therapy + G-CSF.(1) 

CD34+ cells minimum dose: 2 x 106/kg per trans-
plant (target dose of 4 to 5 x 106/kg).(1) 

High volume apheresis (total blood volume pro-
cessed more than 4 times patient’s blood volume) 
increases the CD34+ collection.(1)

Pediatric patients with less than 20 kg: prime the 
apheresis kit with red blood cells and process at 
least three blood volume.(1)

DOI: 10.46765/2675-374X.2023V4N1P174

CONSENSUS UPDATE

HEMOTHERAPY SUPPORT IN HSCT
Karen Lima Prata,1,2 Andrea Tiemi Kondo,3 Aline Miranda de Souza,4 Sanny Marcele da Costa Lira,4 

Andreza Alice Feitosa Ribeiro5

1 Centro de Tecidos Biológicos de Minas Gerais - Fundação Hemominas.
2 Agência Transfusional - Hospital das Clínicas da Universidade Federal de Minas Gerais/EBSERH.
3 Departamento de Hemoterapia e Terapia Celular – Hospital Israelita Albert Einstein
4 Grupo GSH.
5 Unidade de Transplante de Medula Óssea do Hospital Israelita Albert Einstein.

Corresponding author: Karen Lima Prata (karenlprata@gmail.com)

Received: 16 Oct 2022 • Revised: 17 Oct 2022 • Accepted: 13 Jan 2023.

ABSTRACT

Hemotherapy support is essential for Hematopoietic Stem Cell Transplantation (HSCT). In 
this article, we highlight the main points published in the 2020 SBTMO consensus and pro-
vide a brief update on the topic.

BONE MARROW HARVEST
Collection target: 10-15 ml/kg of recipient, not ex-
ceeding 20 ml/kg of donor. 

Recommended cell dose: ≥ 3x108/kg of total nu-
cleated cell (TNC) with minimum of 2 x 108 TCN/kg.(1)

PROCESSING AND CRYOPRESERVATION OF HPC-A
Cryoprotective solutions: Dimethyl sulfoxide 
(DMSO) 10% or DMSO 5% + hydroxylamine (HES) 
6%, both associated with a protein source. (1)

Final nucleated cell (NC) concentration: 100 to 500 
x 106 NC/mL.(1, 2)

Freezing ideal rate: temperature reduction from 1 
to 2o C per minute in a programmed freezing equip-
ment or mechanical freezer.(1)

Storage: vapor phase or liquid nitrogen tank or me-
chanical freezer (-80 or -150o C).(1)

TRANSPORT, THAWING AND INFUSION OF HPC
Transport of fresh products kept the temperature 
between 2 and 24ºC (preferably close to 4ºC).(1)
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Transport of cryopreserved products: if the cells 
were stored in -80o C mechanical freezer kept the 
temperature at or below - 65°C (dry ice); if the cells 
were stored in temperature below - 150°C, kept the 
temperature below -130°C.(1)

Premedication: hydration, diphenhydramine, dipy-
rone and/or hydrocortisone to prevent allergic, fe-
brile types and/or DMSO-related reactions.(1)

Maximum DMSO volume: 1ml DMSO/Kg patient 
weight/day to reduce risk of adverse event. In lower 
weight pediatric patients consider removal of DMSO.(1)

Infusion: Do not use transfusion set device with leu-
kocytes filter. Rate: 10 mL/minute for thawed prod-
ucts and 6mL/Kg of patient weight/hour for fresh 
products (maximum 4h).(1)

TRANSFUSION SUPPORT 
Red blood cells (RBC), platelet and granulocyte 
concentrates intended for HSCT patients should be 
leukoreduced and irradiated.(1)

Platelet refractoriness: relative common in HSCT. 
Causes: non-immune (> 80%) or immune (< 20%). 
Calculation of platelet increment is important to 
confirm the platelet refractoriness diagnosis.(1)

Granulocyte transfusion is used to prevent (pa-
tients with neutropenia or neutrophil function dis-
orders) or treat infections in severe neutropenia 
(granulocytes < 500/µL) patients. There are no ran-
domized studies that      prove its clinical efficacy.(1)

ALLOGENIC BMT WITH ABO INCOMPATIBILITY
Major or bidirectional ABO incompatibility: RBC 
removal if bone marrow.  Measures to reduce the an-
ti-donor circulation isohemagglutinins (donor ABO 
plasma infusion or therapeutic plasmapheresis) if 
isohemaglutinin anti-donor ≥ 1:32.(1)

Minor ABO incompatibility: Plasma removal if 
bone marrow or if HPC-A, isohemaglutinin anti-re-
ceptor ≥ 1:256.(1)

ABO blood component support: summarized in 
table 1.

DONOR LYMPHOCYTE INFUSION (DLI)
Medical evaluation of the donor is mandatory, and 
the eligibility criteria are the same used for blood 
donors.(1)

There is no need for any medication to prepare the 
donor for the collection.(1)

Lymphocytes can be obtained from the buffy coat 
of whole blood, however, the collection through 
apheresis equipment can offer a greater amount of 
CD3+ cells and is the most used.(1)

Each apheresis session should process 2 to 2.5 total 
blood volumes and if the number of cells needed is 
not obtained, a second procedure can be performed. 
There is a linear correlation between the number of 
CD3+ cells collected and the processed blood vol-
ume up to 12L.(1, 3)

Dose scheme depends on the type of BMT and dis-
ease, but a stagged regimen is recommended.(1) 

ANTI-HLA DONOR DESENSITIZATION
The presence of donor-specific anti-HLA antibody 
with mean fluorescence intensity (MFI) above 2000 
is indication of desensitization protocols.(1)

INDICATION OF PHLEBOTOMY IN IRON OVERLOAD 
POS BMT
Phlebotomy is a therapeutic option to drug treat-
ment in patients with sustained hematopoiesis to 
reduce liver damage and irreversible tissue damage. 
It is indicated in cases with ferritin above 2500µg/L 
and transferrin saturation close to 100%.(1)

During the revision of the chapter published in the 
SBTMO consensus in 2020(1), we noticed the lack of 
a guidance on choosing the blood component to be 
transfused in the recipient undergoing transplanta-
tion with ABO incompatibility, which is now summa-
rized in Table 1.(4)

There were few updates on the literature. We em-
phasize the safe nucleated cells concentration for 
cryopreservation, which can be up to 500,000 cells/
mL after the cryoprotective solution addition.(2) 

On the other hand, there have been many advanc-
es in Cell Therapy. SBTMO has published a technical 
manual on the topic that contains specific chapters 
of lymphocytes collection of by apheresis,(5) cryo-
preservation and transportation of mononuclear 
cells,(6) thawing and infusion of CAR-T cells,(7) among 
others.

At the national level, the current health legislation 
was updated.(8).
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AB A Minor AB A AB A; B; O AB A
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O A Major O O A AB; B; O A; AB A
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B AB Major B B AB B; A; O AB AB

A B Bidirecional A O AB A; B; O AB B

B A Bidirecional B O AB B; A; O AB A
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