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RESUMO

Base tedrica e Objetivos: A presenca de anticorpos contra antigenos HLA Classe |
pode levar a refratariedade plaquetaria (RP), tornando o transplante de células-tronco
hematopoéticas alogénico (TCTH) ainda mais desafiador. O objetivo deste estudo foi
identificar os pacientes com maior risco de RP imunomediada (RPI) no pré-transplante
e avaliar o impacto das transfusdes de plaquetas com prova cruzada nos resultados
clinicos e laboratoriais do TCTH alogénico.

Materiais e Métodos: Foi realizado um estudo coorte prospectivo dos pacientes
submetidos ao TCTH alogénico no Hospital de Clinicas de Porto Alegre no periodo
entre 2018 e 2021. A reatividade contra painel de anticorpos (PRA) e a intensidade
meédia de fluorescéncia (MFI) foram usados para avaliar a sensibilizagdo HLA e a
significancia da poténcia dos anticorpos, respectivamente. Também realizamos o
calculo corrigido do incremento plaquetario de 24 horas (CCI-24h) para avaliar a
eficacia das transfusdes de plaquetas.

Resultados: Um total de 83 pacientes (50 homens, 33 mulheres) foram incluidos
neste estudo. Antes do transplante, 29 (34,9%) pacientes apresentavam aloanticorpos
contra antigenos plaquetarios e 15 (18,0%) pacientes foram identificados como RPI.
Destes, oito pacientes receberam 132 transfusdes com prova cruzada de plaquetas.
A mediana do CCI-24h e as taxas de transfusdo bem-sucedida (considerando CCI
24500) foram 3176 e 44,7%, respectivamente. O desempenho diagnéstico do MFI
maximo, para identificacdo de pacientes com RP no periodo pré e 30 dias pos-
transplante, mostrou uma AUC de 0,875 (IC de 95%: 0,710 - 1,00; p=0,023) e
AUC=0,733 (IC 95%: 0,539 - 0,927; p=0,043), respectivamente. Além disso,
encontramos uma associagdo entre o MFI maximo basal (mediana 7383) e a
persisténcia de anticorpos anti-HLA 30 dias p6s-TCTH, p=0,018.

Conclusao: A identificagdo precoce de pacientes aloimunizados com alto risco de RPI
antes do TCTH alogénico, por meio da analise do PRA e MFI, pode levar a um melhor
manejo do paciente refratario a transfusdo de plaquetas no periodo pds-transplante.

Palavras-chave: refratariedade plaquetaria, trombocitopenia, aloimunizacgao,

intensidade de fluorescéncia, transplante de células-tronco hematopoéticas alogénico.



ABSTRACT

Background and Objectives: The presence of antibodies against HLA Class |
can lead to platelet refractoriness (PR), making the allogeneic hematopoietic stem cell
transplantation (HSCT) even more challenging. The aim of this study was to identify
patients with a higher risk for immune-mediated PR pre-transplant and assess the
impact of cross-matched platelets (PLTs) transfusions on clinical and laboratory
outcomes in the allo-HSCT.

Materials and Methods: We performed a prospective cohort study among
consecutive patients who underwent allogeneic HSCT at Hospital de Clinicas de Porto
Alegre between 2018 and 2021. Panel reactive antibody (PRA) and mean fluorescence
intensity (MFI) were used for assessing HLA sensitization and the significance of
antibody strengths, respectively. We also calculated the 24-hour corrected count

increments (24h-CCl) to evaluate the effectiveness of PLTs transfusions.

Results: A total of 83 patients (50 males, 33 females) were enrolled in this
study. Before transplant, 29 (34.9%) patients had platelet-reactive alloantibodies and,
15 (18.0%) patients were identified as IPR. Of them, eight patients received 132 PLTs
cross-matched transfusions. The median 24h-CCl and the rates of successful
transfusion (considering CCl 24500) was 3176 and 44.7%, respectively. Diagnostic
performance of the maximum MFI, for identification of patients PR in the pre- and post-
transplant (at day 30) period, showed an AUC of 0.875 (IC 95%: 0.710 - 1.00; p=0.023)
and AUC=0.733 (IC 95%: 0.539 - 0.927; p=0.043), respectively. In addition, we found
an association between baseline maximum MFI (median 7383) and persistence of anti-
HLA antibodies 30 days post-HSCT, p=0.018.

Conclusion: An early identification of alloimmunized patients at high risk of PR
before allo-HSCT, through PRA and MFI analysis, can lead to improved management

to patient refractory to platelet transfusion post-transplantation.

Keywords: Platelet refractoriness, alloimmunization, thrombocytopenia,

fluorescence intensity, allogeneic hematopoietic stem cell transplantation.
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1 INTRODUGAO

A refratariedade plaquetaria (RP) € definida como o incremento plaquetario
inadequado apos a transfusdo de plaquetas, em pelo menos duas ocasifes, com
plaquetas ABO compativeis, idealmente coletadas a menos de 48h (1). A RP pode
afetar 7 a 34% dos pacientes com doengas hematologicas e esta relacionada ao
aumento da permanéncia hospitalar, aumento dos custos da internacéo, diminuicéo

da sobrevida do paciente e aumento de sangramentos, incluindo os fatais (2).

A aloimunizagdo HLA é causa imune mais comum de RP e pode estar
associada a gestagédo, transfusao ou transplante prévio. Estudos demonstraram que
14 a 26% dos pacientes submetidos ao transplante de células-tronco hematopoiéticas
(TCTH) alogénico apresentam anticorpos anti-HLA (3,4). Estes anticorpos podem
causar a RP, dificultar o suporte transfusional e comprometer o progndstico do
transplante. Para que o manejo do paciente refratario seja mais efetivo e seguro, &
fundamental o conhecimento da etiologia da RP, especialmente na presencga de
causas imunes, visando a otimizagao dos recursos envolvidos na escolha do produto

plaquetario compativel e na reducéo dos riscos de sangramentos fatais.

A transfusdo de plaquetas com prova cruzada proporciona um maior
incremento plaquetario em pacientes com RP imunomediada, mas o beneficio nos
receptores de TCTH alogénico, com diversos e complexos fatores ndo imunes
associados, ainda nao esta bem esclarecida. O presente trabalho avaliou a taxa de
aloimunizagao HLA e RP em paciente submetidos ao TCTH alogénico no Hospital de
Clinicas de Porto Alegre (HCPA), através de uma coorte prospectiva, no periodo de
janeiro de 2018 a julho de 2021. Os pacientes aloimunizados com RP ou alto risco
para RP identificados no pré-transplante foram selecionados para receber transfuséo
com plaquetas compativeis. Foi avaliado o impacto e a efetividade dessas transfusbes

nos desfechos clinicos e laboratoriais durante e apés o TCTH.
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2 REVISAO DA LITERATURA

2.1 Estratégias de Busca

A estratégia de busca envolveu as bases de dados PubMed, EMBASE, SciELO
e Lilacs, da origem até novembro de 2021. Esta revisédo da literatura esta focada nos
células tronco-hematopoiéticas,

aspectos relacionados ao transplante de

aloimunizacao, anticorpos antiplaquetarios e refratariedade plaquetaria. Foram

realizadas buscas através das palavras chaves:

‘Hematopoietic stem cell

transpantation”, “Platelet transfusion”, “Alloimmunization”, “Platelet refractoriness” e

“Cross matched platelets” e suas combinagdes, apresentadas na Figura 1.

Figura 1. Estratégias para localizar e selecionar as informacdes

Palavras-Chave
1 - Hematopoietic stem cell
transplantation
2 - Platelet transfusion
3 - Alloimmunization
4 - Platelet refractoriness
5 - Cross matched platelets
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2.2 Antigenos plaquetarios

As plaquetas expressam uma variedade de marcadores antigénicos na sua
superficie. Alguns destes antigenos sdo compartilhados com outras células, como o
ABO e HLA (antigeno leucocitario humano), enquanto outros sdo essencialmente
especificos das plaquetas, como o HPA (antigeno plaquetario humano). Estes
antigenos sao frequentemente referidos como “especifico de plaquetas”, mas alguns
deles sdo encontrados em outras células (especialmente leucdcitos e células
endoteliais), embora a importancia clinica principal parece estar relacionada a sua

presencga nas plaquetas (5).

A maior parte dos antigenos ABO presente nas plaquetas é transportada em
sacarideos ligados as glicoproteinas (GPs) da membrana plaquetaria. Os titulos de
anticorpos A e B pode variar entre os individuos, com 5 a 10% dos individuos O
expressando titulos extremamente altos de A1 ou B nas suas plaquetas. Em alguns
casos, altos titulos de anticorpos A,B imunoglobulina G (IgG) no sangue de receptores
do grupo O sédo reativos com a transfusao de plaquetas com grande quantidade de
antigenos A ou B, resultando em refratariedade plaquetaria (RP) (6). A
incompatibilidade ABO pode resultar em 20% de redug¢ao no incremento plaquetario
pos-transfuséo (7).

As GPs presentes na membrana plaquetaria sdo expressas de diferentes
formas devido ao polimorfismo de nucleotideo unico (SNPs) nos genes que as
codificam. As alteracées de aminoacidos resultantes destes SNPs induzem altera¢gdes
na estrutura glicoproteica formando antigenos que podem produzir anticorpos atraves
da exposigao a gravidez ou transfusdo de plaquetas. Atualmente, 35 HPAs sao
expressos em 6 diferentes GPs de membrana plaquetaria: GPIIb, GPllla, GPlba,
GPIbp, GPla e CD109. Doze antigenos sao agrupados em 6 grupos bialélicos (HPA-
1, HPA-2, HPA-3, HPA-4, HPA-5 e HPA-15) (5).

A nomenclatura HPA atual pode ser acessada através do site:
https://www.versiti.org/medical-professionals/precision-medicine-expertise/platelet-

antigen-database/hpa-gene-database (8).



17

Figura 2. Estruturas das glicoproteinas plaquetarias

HPA-19

HPA-16

X Rn X X 1 o |
C - gt 7 sN;’ac;plbm CD109
23 GPIX (CD42b)
GPla GPlla GPllb GPllla (CD42a) GPIbp
(CD49b)(CD29) (CD41)  (CD61) (CD42c)

Fonte: Curtis & McFarland. Vox Sanguinis (2014, p.98) (9).

O HLA associado as plaquetas é a principal fonte de HLA Classe | no sangue
total. A maioria do HLA Classe | nas plaquetas € expresso como proteinas de
membrana, enquanto quantidades menores podem ser absorvidas pelo plasma
circulante. Os antigenos locus A e B s&o representadas significativamente, mas
parece haver uma expressao plaquetaria minima de HLA-C (6).

Estima-se que 20 a 60% dos pacientes hematologicos que transfundem
cronicamente sejam aloimunizados contra antigenos HLA (2), e 8 a 22% apresentam
anticorpos anti-HPA, frequentemente em combinagdo com anticorpos HLA, mas
também podendo ocorrer isoladamente (7). Estudos também avaliaram a
aloimunizagdo em pacientes adultos e pediatricos submetidos ao TCTH alogénico e
relataram uma taxa de 26,2% e 13,8%, respectivamente (4,10).

A aloimunizacédo é uma das principais complicagdes associadas a transfusao
de plaquetas, no entanto, a maioria dos pacientes que tem anticorpos anti-HLA né&o
desenvolve a RP. No estudo TRAP, 45% dos pacientes que receberam plaquetas sem
desleucocitacdo adquiriram anticorpos anti-HLA, mas somente 13% desenvolveram
RP. Os resultados deste estudo demonstraram que a RP pode afetar mais de 15%
dos pacientes que transfundem cronicamente e esta proporc¢ao pode diminuir para 5%

Ou menos nos pacientes que recebem hemocomponentes leucorreduzidos (1).
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2.3 Refratariedade plaquetaria

A RP é definida como o incremento plaquetario inadequado ap6s a transfusao
de plaquetas, em pelo menos duas ocasides, preferencialmente consecutivas, com

plaquetas frescas (<48 horas) e ABO compativeis (1).

A eficacia da transfusao € mais frequentemente avaliada usando o incremento
pos-transfusao, a porcentagem de recuperagéo plaquetaria e/ou o calculo corrigido do
incremento plaquetario (CCI). Um aumento na contagem de plaquetas de 30%, até 1
hora apos a transfusdo, ou maior que 20% em 20 a 24 horas, é considerado uma
transfus&o bem-sucedida (11).

O estudo TRAP definiu RP como CCI-1h (contagem pés-transfusional de 1 hora
- colhida entre 15 minutos e 1 hora apds o término da transfusdo) menor que 5000
plaquetas por mL ou CCI-24h (contagem pos-transfusional de 24 horas - colhida entre
18 e 24 horas apos o término da transfusdo) menor que 2500 plaquetas por mL (12).
O CCI é determinado usando a seguinte formula: CCIl = [contagem de plaquetas pos-
transfusdo (10%/L) - contagem de plaquetas pré-transfusdo (10°/L)] x [(4rea de
superficie corporal (m?) / dose de plaquetas transfundidas (10'")] (1).

O CCIl em 1 hora reflete a recuperacéo circulatoria imediata das plaquetas
transfundidas, enquanto o CCl em 18-24 horas é afetado pela recuperacgao inicial e
sobrevivéncia subsequente (taxa de consumo) das plaquetas transfundidas (13).

O incremento da plaqueta pés-transfusdo (Pl) é o calculo mais simples
(contagem de plaquetas pés-transfusédo - contagem de plaquetas pré-transfusao) e
utilizado na rotina, devido a falta de dados disponiveis para o numero real de
plaquetas infundidas ou da area da superficie corporal do paciente. Um PI superior a
10°%L em 1h ou 24h é considerado uma transfusdo bem-sucedida, e se n&o alcangado,
€ um bom indicador para suspeitar de refratariedade (7,14).

As causas de RP séo divididas em duas categorias: nao imunes e imunes. Os
fatores n&o imunes sdo as principais causas (60% - 80%) e incluem febre, infeccéo,
hiperesplenismo, coagulagédo intravascular disseminada (CIVD), sangramento e
medicamentos (15,16). Os fatores imunes mediados sao os anticorpos ABO, anti-HLA
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Classe | (principalmente HLA-A e HLA-B) e anti-HPA, e ocorrem em 10% a 25% de

todos os casos de RP (15).

Tabela 1. Causas de refratariedade plaquetaria

Nao imune
Infecgao/ sepse
Antibidticos
Coagulagao intravascular disseminada
Febre
Esplenomegalia
Doenca venoclusiva hepatica (VOD)
Doenga do enxerto contra hospedeiro (DECH)

Medicagbes (vancomicina, anfotericina B, heparina)

Imune
Anticorpos HLA
Auto e aloanticorpos plaquetarios
Anticorpos ABO
Anticorpos plaquetéarios dependente de drogas
Complexos imunes

Fonte: Am J Clin Pathol 2019;151:353-363 (11)

A RP esta associada a uma série de desfechos adversos, incluindo
permanéncia hospitalar prolongada, aumento do risco de sangramento, diminui¢cao da
sobrevida, bem como maiores custos hospitalares de internagao (7,17—19). Apesar da
relevancia clinica, a RP é frequentemente subdiagnosticada mesmo em pacientes
hematolégicos devido a complexidade do processo e da necessidade de colaboragao

entre profissionais de diferentes areas (20).

2.4 Caracteristicas das plaquetas e eficacia transfusional

As caracteristicas das plaquetas, como dose, fonte (aférese versus pool),
compatibilidade ABO e tempo de armazenamento, podem afetar o incremento
plaquetario pds-transfusdo, mas nao esta esclarecido se esses fatores afetam a

eficacia da transfus&o plaquetaria no sangramento critico (21).
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As plaquetas de aférese sao coletadas de um unico doador usando
equipamentos automatizados. Esses produtos contém 23,0x10"" plaquetas (média
3,5-4,0x10"") por unidade em aproximadamente 100-500 mL de plasma. O
anticoagulante usado é acido citrato dextrose (ACD). As plaquetas derivadas do
sangue total contém 25,5x10"° plaquetas por bolsa (unidade) em 40-70 mL de plasma.
O anticoagulante € o mesmo usado para a coleta de sangue total, geralmente citrato
fosfato dextrose (CPD) ou citrato fosfato 2 dextrose (CP2D). Esses produtos sao
frequentemente referidos como plaquetas aleatérias ou randdmicas. Quatro a seis
unidades sao frequentemente agrupadas no pool para fazer uma dose de adulto, que
pode ser estimada multiplicando o numero de unidades randémicas pelo numero
minimo necessario de plaquetas (25,5 x 10'°), em cada unidade de plaqueta derivada
de sangue total (22).

O estudo prospectivo PLADO demonstrou que os incrementos de plaquetas e
CCl sao geralmente maiores em plaquetas de aféreses, ABO-idénticas e
armazenadas por 3 dias. Os dados indicam que uma contagem de plaquetas de
5000/uL ou mais é suficiente para manter a integridade endotelial. Neste estudo, foram
avaliados 1272 pacientes oncohematoldgicos que receberam 6031 transfusdes de
plaquetas profilaticas, e a conclusdo foi que, as transfusbes de plaquetas com
incompatibilidade ABO estavam associadas a incrementos mais baixos comparado as
transfusbes ABO idénticas, mas ndao mostraram uma diferenga estatisticamente
significativa entre as transfusdes de plaquetas com incompatibilidade ABO menor e
ABO idénticas (21).

Outra consideracao importante em relagao as transfusées com plaquetas ABO
incompativeis (ABO menor ou maior) € a formagao de complexos imunes que podem
aumentar a alorreatividade no receptor. Estudos demonstraram que a transfuséo de
plaquetas e plasma ABO incompativeis esta associada com aumento de
sangramento, sepse, lesdo pulmonar, doenga venoclusiva e mortalidade. Uma
possivel explicagao para este fendbmeno é que os imunocomplexos in vivo se ligam as
plaquetas (tanto as transfundidas quanto as do receptor) por meio de seus receptores
Fc (fragmento cristalizavel) e C1q e, posteriormente, as plaquetas revestidas por estas

imunoglobulinas sdo fagocitadas pelos mondcitos. Também foi demonstrado que
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esses complexos imunes interferem na formacéo de plaquetas e coagulos in vitro e

estimulam a liberag&o de citocinas inflamatorias (23).

O tempo de armazenamento das plaquetas é outro fator que tem sido
associado a eficacia da transfusdo de plaquetas. O estudo TRAP analisou os
incrementos plaquetarios e mostrou que as plaquetas armazenadas por menos de 48
horas estavam associadas a incrementos significativamente maiores (1900/uL a mais)
e intervalos mais longos entre as transfusdes. O CCI diminui progressivamente com

o tempo de armazenamento superior a 3 dias (21).

As razbes pelas quais as respostas as plaquetas ndo podem ser facilmente
previstas incluem os fatores especificos da doencga, febre ou infecgdes que levam ao
consumo de plaquetas, além do envolvimento do sistema imunoldgico, em particular,

nos pacientes previamente aloimunizados contra antigenos HLA (24).

Pelo menos 3 mecanismos diferentes de patogenicidade do anticorpo podem
ser considerados na destruicdo das plaquetas na presenca de anticorpos HLA:
opsonizagdo das plaquetas para atragao de fagocitos, fixagdo do complemento nas
superficies das plaquetas e ligagdo cruzada entre as plaquetas revestidas pelo
anticorpo e as ceélulas natural killer (NK), levando a citotoxicidade celular dependente
de anticorpos. A ativagao das plaquetas associada ao armazenamento e a transfuséo
também pode levar a ativacdo de componentes adicionais do complemento e a
formacédo de um complexo de ataque a membrana, resultando em morte plaquetaria

e baixo incremento plaquetario apods a transfuséo (24).

2.5 Identificagdo de anticorpos anti-HLA e anti-HPA

A deteccao e identificacdo dos anticorpos HLA tem se tornado simples com a
evolugdo dos ensaios de imunofluorescéncia de linfocito e citotoxicidade dependente
de complemento (CDC), através de ensaios imunoenzimaticos (ELISA) e técnicas de
citometria de fluxo. As técnicas mais sensiveis, por citometria de fluxo ou plataforma
Luminex, usam microesferas revestidas com HLA para identificar especificamente as
lgGs ligadas as microesferas (13). A especificidade do anticorpo anti-HLA e o valor da

intensidade média de fluorescéncia (MFI) sdo definidos pela combinagdo de dois
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sinais de laser (vermelho e verde). A aquisicdo dos dados é realizada no citdmetro de
fluxo Luminex e o MFI da reacdo deve ser 21000. Além da especificidade e
intensidade de fluorescéncia do anticorpo detectado, € possivel obter resultados da

reatividade contra o painel HLA Classe | (25).

Para a deteccéao de anticorpos anti-HPA existem varias técnicas que podem ser
divididas em ensaios nao especificos (onde s&o utilizadas plaquetas intactas, como
por exemplo, teste de imunofluorescéncia plaquetaria, ensaio de adesao de fase
sélida) e ensaios especificos (onde sdo usadas a captura de glicoproteina, ou
glicoproteinas purificadas ou antigenos recombinantes, como por exemplo,
imobilizagao especifica de anticorpos monoclonais de ensaio de antigeno plaqueta).
No método de aderéncia de hemacias em fase solida (SPRCA, solid-phase red-cell
adherence), as plaquetas de diferentes unidades de aférese sdo depositadas no fundo
de uma placa de microtitulacdo. O soro do paciente € adicionado a cada poco,

incubado e lavado antes da adigdo das hemacias revestidas com AGH (11).

O MAIPA (monoclonal antibody-specific immobilization of platelet antigens), é
um meétodo sensivel, baseado na deteccdo de complexos trimoleculares formados
pelo anticorpo monoclonal especifico para glicoproteina da plaqueta ou molécula HLA,
o anticorpo derivado do paciente e a molécula membrana plaquetaria carregando o
epitopos respectivos de ambos os anticorpos (14).

A pesquisa de anticorpos anti-HPA também pode ser realizada com o uso do
kit Pak-Lx (Immucor inc.). Este teste € um imunoensaio que detecta anticorpos IgG
contra HPA-1, HPA-2, HPA-3, HPA-4, HPA-5, GPIV e HLA Classe |. Essa técnica
consiste em microesferas revestidas com glicoproteinas HPA, GPIV e HLA que séo
incubadas com o soro do paciente. Os anticorpos que estdo presentes no soro se
ligam aos antigenos das microesferas. Em seguida, € acrescentado um anticorpo IgG
conjugado com ficoeritrina (PE) e, apos nova incubagao, a mistura € diluida e os dados
sdo inseridos no Luminex. A intensidade do sinal de cada microesfera € comparada
com a intensidade do sinal de trés controles negativos para determinar se ha presenca

de anticorpos (25).
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2.6 Sistema HLA

O complexo sistema HLA esta localizado na regido 6p21.3 no brago curto do
cromossomo humano 6 e contém mais de 220 genes com fungdes diversificadas.
Atualmente existem 31.675 alelos HLA descritos pela nomenclatura HLA e incluidos
no Banco de Dados IPD-IMGT/HLA. A divulgacdo de novos nomes e sequéncias de
alelos (figura 3) é de suma importancia no cenario clinico e podem ser acessados
através dos sites http://www.ebi.ac.uk/ipd/imgt/hla/ e http://hla.alleles.org (26).

Figura 3. Grafico mostrando o numero de alelos nomeados por ano de 1987
até o final de dezembro de 2020
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Fonte: Nomenclatura para Fatores do Sistema HLA (26).

A distribuicdo dos antigenos HLA Classe | varia entre diferentes populagdes e
grupos étnicos (27). Os genes HLA codificam proteinas da superficie celular que
apresentam peptideos estranhos aos receptores de antigeno de linfécitos T para
reconhecimento. Os polimorfismos sequenciais nos dominios de ligagdo dos
antigenos das moléculas de HLA determinam o repertorio de peptideos que podem
ser apresentados e, por sua vez, influenciam a resposta imune do individuo (2).

Estudos de diversidade de frequéncia de alelos e haplotipos tém sido usados
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para fazer inferéncias sobre as relagbes populacionais e as forgas seletivas que

operam para manter altos niveis de diversidade HLA (27).

Torres et al. descreveram os grupos antigénicos e as frequéncias haplotipicas
de HLA-A, HLA-B e HLA-DRB1 nas cinco regides do Brasil e por grupos de etnias
autorreferidas usando os dados do Registro Brasileiro de Doadores de Medula Ossea
(REDOME). Atualmente, o REDOME ¢é o 3° maior registro de doadores de MO do
mundo e atingiu 5,4 milhdes de doadores em setembro de 2021 (28). A enorme
extensdo do territorio brasileiro, aliada a grande diversidade genética observada na
populagao brasileira, dificulta o desenvolvimento de um registro que represente todo

o pool de provaveis compatibilidades HLA para uma subpopulacéo especifica (29).

A heterozigosidade observada nas Regi6es do Brasil, variou de 87,4% a 88,5%
para HLA-A, 92,8% a 93,2% para HLA-B e 89% para HLA-DRB1, e para etnias do
Brasil variaram de 87,4% a 89,1% para HLA-A, 92,8% a 93,4% para HLA-B e 89%
para HLA-DRB1. A heterozigosidade observada para todo o registro foi de 87,9% para
HLA-A, 93,1% para HLA-B e 89,2% para HLA-DRB1. Desvios do equilibrio de Hardy-
Weinberg (P <0,05) foram encontrados em todas as categorias da populagao, seja
analisada separadamente ou ao considerar todo o registro (29). Esses testes medem
o grau em que as frequéncias genotipicas observadas diferem daquelas esperadas
com base nas frequéncias de alelos para essa populacdo, assumindo que a populacao
€ adequadamente grande e experimenta acasalamento aleatorio (27).

O HLA-A mais frequente é A*02 (25,9%), seguido de A*24 (10,0%) e A*03
(9,2%). Para o HLA-B, B*35 (11,8%), B44 (10,8%) e B*15 (9,1%) sao os mais
frequentes. Os hapldtipos mais frequentes no REDOME sao: A*01-B*08-DRB1*03
com 2,1%, A*29-B*44-DRB1*07 com 1,4% e A*03-B*07-DRB1*15 com 1,0% (29).

Com base na tipagem gendmica e informagdes de anticorpos especificos do
doador, 86% de respostas a transfusao de plaquetas podem ser bem-sucedidas (30).
No entanto, o fornecimento de plaquetas compativeis com quatro antigenos HLA na
rotina, nem sempre € viavel (31). Considerando que o Brasil possui uma populagéo
etnicamente diversa, seria necessario um grande banco de doadores genotipados que
é dificil estabelecer mesmo num servigo de hemoterapia de médio ou grande porte

(32). Além dos custos associados, a obtencédo de plaquetas HLA-compativeis para
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pacientes altamente sensibilizados costuma ser demorada, aumentando o risco de
sangramento durante os periodos de trombocitopenia prolongados (33). Nestes
casos, a definicdo precoce das caracteristicas especificas que identificam os
pacientes com maior risco de RP devido a aloimunizagdo HLA pode ajudar a orientar
0s exames laboratoriais pré-transfusionais e permitir a busca antecipada de um

doador compativel (4,34).

2.7 Aloimunizagdo HLA

O PRA (reatividade de anticorpos contra painel de antigenos HLA) é utilizado
para avaliar o status imunoldgico do paciente (34). Este teste pode ser utilizado como
uma ferramenta para prever a porcentagem de doadores incompativeis que um
paciente pode ter no pool de doadores falecidos de 6rgaos solidos, mas também pode
refletir a porcentagem de doadores incompativeis dentro do pool de doadores de
plaquetas com base na frequéncia do antigeno HLA (35), ou seja, o PRA é uma
medida da atividade do anticorpo no soro de um paciente e € expresso como uma

porcentagem de doadores reativos em uma populacdo aleatoria (36).

Estudos em pacientes pré-transplante ou politransfundidos usando ensaios de
citotoxicidade estimou que aproximadamente 80% dos anticorpos séo direcionados
contra epitopos publicos, e que o restante é especifico para somente um antigeno.
Durante o curso do tratamento, 15 a 40% dos pacientes ampliam o seu PRA. No
entanto, mais da metade dos pacientes parece perder todos os anticorpos HLA sob
observacéo (média de persisténcia € de 14 semanas) e estima-se que cerca de 70%
dos anticorpos desaparecam em 12 meses (13).

Durante o TCTH, até 60% das transfusdes sao ineficazes (4,10). A eficacia da
transfusdo geralmente € monitorada pelo CCI, porque € mais facil de quantificar;
porém, este marcador é insuficiente para avaliar o risco de sangramento e idealmente
ndo deve ser usado para monitorar o resultado clinico apds a transfusao (28). No
entanto, o CClI esta associado ao intervalo de tempo até a préxima transfuséo e, por
este motivo, é considerado de relevéancia clinica (37).
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A RP pés TCTH esta associada a mortalidade precoce sem recidiva e, o efeito
da plaqueta, pode ser critico para o prognostico do paciente (38,39). Por este motivo,
a prevencao de aloimunizagdo HLA em receptores de transplante € particularmente
importante, porque além de poder causar falha do enxerto, pode dificultar ou atrasar
a identificagdo de doadores de plaquetas compativeis (40).

A exposicao aos antigenos plaquetarios durante as transfusdes pode contribuir
para o desenvolvimento de novos e/ou crescentes titulos de anticorpos HLA no
cenario pos-transplante (31). Também pode ocorrer o aparecimento transitorio de
anticorpos HLA, que € um fenbmeno conhecido como evanescéncia de anticorpos e
ocorre devido aos anticorpos de curta duracdo ou a adsorgcdo de anticorpos pelas
plaquetas transfundidas (41).

Embora o tempo médio para a perda de anticorpos seja de 14 semanas, 0s
anticorpos podem persistir por um periodo mais longo em mulheres, do que em
homens, especificamente nas pacientes com gestagdes prévias (40). A produgao
aumentada de anticorpos anti-HLA 1gG nas mulheres pode ter origem nas células B
de memoria, em fungdo dos aloanticorpos adquiridos durante a gravidez. Em alguns
casos, a producao desses anticorpos pode persistir por muitos anos apdés a ultima

transfusdo. Ha relato da persisténcia de anticorpo HLA por até 8 anos (36).

Em pacientes com anemia aplasica e politransfundidos, as moléculas de HLA
podem ser captadas por meio de receptores epitopos especifico das células B e, apds
a digestao intracelular, serem apresentadas como peptideos para os clones de células
T CD4+. Assim, as células B de memdria desempenham um papel crucial na
manutengdo da memoaria imunoldgica e sao responsaveis pela RP e pelo alto risco de
falha de enxertia apés o TCTH (36).

O uso do regime de condicionamento de intensidade reduzida (RIC) também
pode levar a persisténcia prolongada de anticorpos HLA e RP pdés-transplante, pois
permite que os plasmacitos produtores de anticorpos HLA tenham uma chance maior
de sobreviver em comparagdo com regime mieloablativo. A resisténcia das células
plasmaticas em relacdo as células T do doador, foi observada anteriormente em
transplantes ABO incompativeis e estda associado a producédo prolongada de
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anticorpos anti-A e/ou anti-B no receptor, podendo causar longos periodos de aplasia

eritréide pura apos o uso de RIC (31).

Também foi observado que a duragao do anticorpo HLA pds-transplante esta
fortemente associada ao nivel de intensidade do anticorpo HLA pré-transplante,
medido através do MFI e PRA. Isso pode ser parcialmente explicado pela cinética das
imunoglobulinas in vivo com a meia-vida da IgG variando entre 26 e 36 dias. Este
achado tem implicagdes importantes no manejo transfusional pos-transplante dos
pacientes hipersensibilizados, em termos de manutenc¢ao do estoque de plaquetas
HLA-compativeis por um periodo prolongado apods o transplante (>100 dias) (31).

Além disso, em pacientes altamente imunizados, existe uma correlagéo entre
os niveis de MFI do DSA e a resposta as transfusdes de plaquetas. Estudo recente
demonstrou que o nivel de MFI superior a 1000, foi considerado um fator de risco
independente para uma resposta insuficiente a transfusdo de plaquetas. Outros
fatores de risco independentes foram infecgcdo no momento da transfuséo e a idade
dos produtos plaquetarios (42). Embora nao esteja claramente definido o MFI no qual
os anticorpos se tornam clinicamente relevantes, € provavel que os anticorpos com
MFI >10.000 devam ser evitados ao selecionar unidades de plaquetas HLA

compativeis para o paciente refratario (43).

Uma das principais limitagbes do transplante alogénico € a ocorréncia de
anticorpos DSA causando falha de enxertia primaria e diminui¢ao da taxa de sobrevida
pos-transplante. Pesquisadores identificaram uma alta correlagdo entre os niveis de
DSA com MFI >5000 e a fixagao do complemento, avaliada através do ensaio C1q,
que atualmente pode ser considerado o principal mecanismo de falha de enxertia
induzida pelo DSA em receptores de TCTH alogénico (44).

2.8 Suporte transfusional na refratariedade plaquetaria

A abordagem profilatica tornou-se uma pratica padrao para pacientes com risco
de hemorragia clinicamente significativa e trombocitopenia grave. O Guideline da
Sociedade Americana de Oncologia Clinica (ASCO) recomenda um limiar de

<10x10°/L para transfus&o de plaquetas profilaticas em pacientes adultos e pediatricos
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submetidos a TCTH alogénicos (33). Porém, ndo ha evidéncia de que os pacientes
aloimunizados se beneficiem de transfusbes de plaquetas profilaticas que néao
produzem incrementos pos-transfusdo e, nestes casos, a recomendacéo € transfundir

apenas em eventos hemorragicos.

Para os pacientes com suspeita de refratariedade devido a aloimunizacéo,
existem algumas opgdes de transfusdo que serdo determinadas de acordo com a
urgéncia transfusional e o tipo de teste ja realizado na amostra do paciente. Existem
basicamente trés estratégias para o manejo desses pacientes. O primeiro consiste na
realizacdo da prova de compatibilidade entre o produto plaquetario e o soro do
paciente. A segunda opg¢ao é buscar doadores HLA-A e HLA-B compativeis com o
receptor de plaquetas, o que requer acesso a um grande registro de doadores com
tipagem HLA disponivel. A ultima estratégia usa a predicdo da especificidade de
anticorpos, ou seja, consiste na deteccdo e identificagdo do anticorpo anti-HLA no
receptor e, em seguida, busca de doadores que n&o expressam os antigenos HLA
contra os quais o paciente esta imunizado. Essa estratégia permite o acesso a um
numero maior de potenciais doadores e, dessa forma, facilita a localizacdo das
plaquetas mais adequadas para a transfusao (36,45).

A prova de compatibilidade de plaquetas pode ser utilizada enquanto se
aguarda o resultado da tipagem HLA e da pesquisa de anticorpos HLA. Essa
abordagem pode ser usada em pacientes que tém um PRA mais baixo; nestes casos,
testando de 10 a 20 unidades de plaquetas possivelmente se encontrara uma unidade
compativel. No entanto, em pacientes altamente sensibilizados, € improvavel que este
método encontre plaquetas compativeis sem testar um numero ainda maior de
unidades (11). Estima-se que pacientes com PRA superior a 66% tem uma maior
probabilidade de ndo encontrar nenhuma plagqueta compativel num ensaio de
compatibilidade com 25 a 35 unidades de plaquetas por aférese testadas com amostra

de cada paciente, sendo necessario providenciar plaquetas HLA compativeis (46).

Pacientes com RP aloimune, sao melhor tratados com transfusbes de
plaquetas de doadores compativeis para antigenos HLA-A e HLA-B (33). Mesmo
considerando que os antigenos HLA-C sejam expressos nas plaquetas, a imunizagao

contra este antigeno frequentemente é considerada irrelevante no tratamento da RP.
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No entanto, alguns autores demostraram que pode ser interessante considerar a

imunizagao com anti-HLA-C (45,47).

Quando uma correspondéncia HLA completa ndo puder ser encontrada,
diferentes estratégias sdo usadas para selecionar doadores HLA parcialmente
compativeis. As especificidades HLA Classe | podem ser agrupadas em grupos de
reatividade cruzada (CREG), onde as incompatibilidades com semelhanga antigénica

resultam em menos aloreconhecimento ou ativagcao imune (32).

Acredita-se que isso seja devido a incapacidade do sistema imunolégico do
paciente de reconhecer os CREGs como proteinas estranhas. A maioria dos
anticorpos HLA sao direcionados contra epitopos publicos, que sao compartilhados
por dois ou mais antigenos; enquanto nos epitopos privados, por apenas um antigeno
(48). Por isso, as plaquetas de doadores que possuem a tipagem HLA que que
pertence ao mesmo grupo CREG do paciente, também apresentam um melhor
incremento plaquetario (11,49,50). E, apesar de em alguns casos a selegdo de
doadores incompativeis com base nos CREGs possa n&o produzir incrementos
adequados, essa estratégia possibilita um aumento no numero de potenciais

doadores no mesmo banco de doadores genotipados (32).

A prova cruzada de plaqueta virtual pode ser definida como HLA-A ou B
compativel ou a exclusédo dos grupos CREGs (51). A efetividade das transfusdes de
plaquetas HLA-compativeis selecionadas pela prova virtual, em pacientes com RP
pos-transplante, ndo € inferior as plaquetas selecionadas pela prova cruzada real. A
orientagdo para selegcdo do doador € primeiro determinar a tipagem HLA e a
especificidade do anticorpo HLA do paciente com refratariedade plaquetaria; em
seguida, determinar os antigenos de reag&o cruzada e antigenos permissiveis para
selecdo de doadores HLA-compativeis, localizando os candidatos na lista de

doadores genotipados cadastrados (15).

Estratégias sofisticadas, como software HLAMatchmaker (49,52) e EpVix
(53,54), foram desenvolvidas para predizer a compatibilidade de plaquetas pela

identificacdo de epitopos imunogénicos em regido acessiveis da molécula HLA.
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HLAMatchmaker é um programa de computador desenvolvido para determinar
a compatibilidade HLA a nivel molecular, independentemente da correspondéncia de
antigenos HLA idénticos ou dos grupos CREG, e tem o objetivo de aumentar o pool
de doadores cujos produtos podem ser compativeis para um determinado receptor.
Os epitopos imunogénicos s&o representados por triplets de aminoacidos nas partes
expostas (isto &, posicdes acessiveis por anticorpos) das sequéncias de proteinas nas
cadeias do HLA. O programa considera cada antigeno HLA como uma sequéncia
distinta de triplets polimérficos que podem induzir aloanticorpos especificos. Como os
pacientes sensibilizados ndo produzem aloanticorpos contra triplets presentes em
suas proprias moléculas de HLA, o algoritmo avalia a compatibilidade doador-receptor
por meio de comparagdes intralocus e interlocus e determina quais triplets sao
diferentes ou compartilhados entre doador e paciente (49). Pesquisadores
demonstraram que uso do HLAMatchmaker para selecionar unidades de plaquetas
para pacientes trombocitopénicos aloimunizados contra antigenos HLA produziu
incrementos plaquetarios satisfatorios (55-57).

O sistema EpVix é outro método inovador que tem se mostrado eficaz e rapido
na identificacdo de doadores de plaquetas compativeis pelo HLA, para pacientes com
RP. O software EpHLA / Epvix foi usado com sucesso para selecionar doadores para
o transplante renal e posteriormente foi adaptado para permitir a realizacdo da prova
cruzada virtual de plaquetas (53,54). Esse sistema é baseado no método de
identificacdo de anticorpos Luminex e utiliza o algoritmo HLAMatchmaker para
identificar as incompatibilidades permissiveis para pacientes altamente sensibilizados.
A alta sensibilidade, especificidade e acuracia da prova virtual EpVix demonstram a
aplicabilidade e eficiéncia deste software no processo de selegao de doadores. Este
meétodo é considerado de baixo custo, facil e rapido, pode ser usado para o manejo
de RP, além de otimizar a sele¢do de plaquetas de plaquetas (53).

2.9 Transplante de células-tronco hematopoéticas alogénico

Os pacientes submetidos ao TCTH geralmente demonstram incrementos
insatisfatérios nas transfusdes de plaquetas devido a uma combinagado de causas

imunes e ndo imunes, incluindo aloimunizacdo HLA pré-existente, medicamentos,
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infeccbes virais e sepse (58). Entre as indicagbes para TCTH encontram-se as

doengas hematoldgicas benignas e malignas, tumores sélidos, doengas autoimunes

e neurologicas (tabela 2) (59-61).

Tabela 2. Indicagdes para transplante de células-tronco hematopoiéticas

Doengas malignas

Doengas ndo malignas

Leucemia mieléide aguda
Leucemia linféide aguda
Leucemia mieléide crénica
Sindrome mielodisplasica
Neoplasias mieloproliferativas
Linfoma ndo-Hodgkin

Doenga de Hodgkin

Mieloma multiplo

Leucemia mieldide crénica juvenil

Anemia aplasica

Hemoglobinuria paroxistica noturna
Anemia de Fanconi

Anemia Blackfan-Diamond
Talassemia major

Anemia falciforme

Imunodeficiéncia combinada severa
Sindrome de Wiskott-Aldrich

Erros inatos do metabolismo
Sindromes de neutropenia congénita

Fonte: Henig and Zuckerman, (2014, p.5) (62).

Atualmente, existem varias formas de realizar o TCTH, utilizando varias opc¢des

de condicionamento mieloablativo, ndo mieloablativo ou de intensidade reduzida

(RIC); de fontes de células-tronco medula 6ssea (MO) e sangue periférico (SP) e

sangue do corddo umbilical (SCU); além de diferentes métodos de profilaxia para

DECH. Todas as opcgdes possuem seus proprios riscos e beneficios relacionados a
recidiva, mortalidade, DECH e enxertia (63).

O regime de condicionamento tem como objetivo a erradicagdo do tumor

residual (se a indicagao do transplante for para doenga maligna), e a supressao do

sistema imunoldgico do paciente para evitar a rejeicdo do enxerto. Os protocolos sao
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categorizados de acordo com o seu nivel de intensidade em: mieloablativo (MA),
intensidade reduzida (RIC) e ndo mieloablativo (NMA); podem ser realizados com
quimioterapia exclusivamente ou associada a radioterapia (Figura 4) (62).

Figura 4. Protocolos de condicionamento

Efeito do enxerto versus leucemia/tumor

Melfalano/Fludarabina
Bussulfano 4 dias / Fludarabina
Treossulfano/Fludarabina Intensidade/Toxidade reduzida
Fludarabina/Bussulfano/Tiotepa
Bulssufano 2 dias/Fludarabina

TBI200*/ Fludarabina

Fludarabina/ Ciclosfamida
TBI 100-200* Nao Mieloablativo

3' Bulssufano/Ciclosfamida/TBI 1200*

g. Ciclosfamida/Etoposide/TBI 1200*

o Bussulfano/TBI 1200* . .
Mieloblat

8 Ciclosfamida/TBI 1200* ieloblativo

a Bussulfano/Ciclosfamida

,‘3 Bussulfano/Melfalano

g

o

0

o

)

Bendamustina/ Fludarabina/ Rituximab

Intensidade do protocolo

Fonte: Henig and Zuckerman, (2014, p.5) (62).

A enxertia neutrofilica é definida como a primeira data de recuperacéo da
contagem de absoluta de neutrdfilos (CAN) 20,5x10°%L por 3 dias consecutivos e a
enxertia plaquetaria como a primeira data de contagem de plaquetas >20x10%/L,
mantida por sete dias consecutivos, independente de transfusao (63,64).

No contexto dos protocolos RIC, também & recomendada a confirmagao da
origem do doador através do quimerismo. Caso o paciente n&do apresente as
contagens definidas previamente, considera-se falha de enxertia primaria (CAN <0,5
x 10%L no dia +28, hemoglobina <8 g/dL e plaquetas <20 x 10%L) (65).

A falha de enxertia secundaria € definida como a diminuigdo da CAN <0,5 x
10°%L apds uma enxertia inicial ndo relacionada a recaida da doenca, infecgédo ou
mielotoxicidade e, no transplante pds RIC, perda do quimerismo do doador <5%.



33

O enxerto mal funcionante refere-se a presenca de duas ou trés citopenias >2
semanas, depois do dia +28, com >95% do quimerismo do doador. A falha de enxertia
apresenta um pior prognostico, decorrente das infecgbes ou sangramentos, tendo

uma sobrevida geral de 3 a 5 anos apds seu diagnostico inferior a 20% (66).

A doenga do enxerto contra hospedeiro (DECH), desenvolve-se quando as
células T do doador reconhecem as células do receptor como estranhas.
Aproximadamente 30% a 50% dos pacientes desenvolverdo DECH aguda e cerca de
15% terdo DECH grave (grau lll - IV). O objetivo da profilaxia através do uso de
imunossupressao € prevenir o desenvolvimento da DECH. O padrao ouro no TCTH
MA é a associagdo de inibidores da calcineurina (ciclosporina/tacrolimus) com
metotrexato. No TCTH com RIC, os regimes que tém sido usados s&o, ciclosporina
(ou tacrolimus) em monoterapia ou em combinagdo com micofenolato de mofetila
(MMF), embora o esquema mais frequentemente seja de ciclosporina mais MMF. No
TCTH haploidéntico, a profilaxia baseia-se na ciclofosfamida pos-transplante (PT-CY)
no dia +3 e +4 seguido por tacrolimus/MMF. O uso de outros medicamentos, como a
imunoglobulina antitimocitos (ATG) e o alemtuzumabe, podem ser adicionados na
profilaxia dos TCTH n&o aparentados (67).

Entre as principais complicagbes associadas ao TCTH alogénico, podemos
citar: DECH, infecg&o pelo citomegalovirus (CMV), microangiopatia trombadtica (MAT)
e doenga venoclusiva hepatica (VOD). Os fatores de risco para complicagbes
hemorragicas graves apos o TCTH alogénico sao trombocitopenia grave prolongada,
DECH aguda grave e MAT (68).

Uma proporcao significativa dos pacientes submetidos ao TCTH alogénico
apresentam trombocitopenia prolongada, independentemente do quimerismo
completo do doador, e podem apresentar um maior risco de complicacdes letais. A
recuperacao plaquetaria € influenciada pela DECH, tipo de doador, infec¢des por CMV

e numero de células infundidas no transplante (39).

O CMV demonstrou ter uma atividade inibitoria no sistema hematopoiético.
Essa inibicdo pode ser direta, via infeccdo de células mieloides, ou indireta, via
infecgao de células do estroma. Os pacientes também podem apresentar uma funcao

alterada das linhagens celulares, como neutréfilos e mondcitos/macrofagos. Além



34

disso, o tratamento especifico para CMV com ganciclovir ou fosfarnet pode resultar

em trombocitopenia (4,39).

O diagnostico de MAT associada ao transplante é realizado em pacientes com
anemia hemolitica microangiopatica, trombocitopenia, insuficiéncia renal e niveis

elevados de lactato desidrogenase sérica (68,69).

A sindrome de obstru¢do sinusoidal (SOS), também chamada de doenga
venoclusiva hepatica (VOD), é uma das complicagdes mais relevantes de origem
endotelial que surge logo apdés o TCTH. Apesar da sua incidéncia ser relativamente
baixa e da maioria dos casos se resolver espontaneamente, os casos que evoluem
para faléncia de multiplos 6rgados apresentam uma mortalidade superior a 80% e
representam um dos principais problemas clinicos apés TCTH. A trombocitopenia,
com um rapido consumo de plaquetas transfundidas, é frequentemente observada em
pacientes com SOS, mas esta caracteristica é dificil de avaliar durante a fase
pancitopénica apos o condicionamento. A incidéncia é de aproximadamente 10 a 15%
apos TCTH alogénico, usando regimes de condicionamento MA, e <5% apds RIC ou
TCTH autdlogo. O uso de medidas farmacoldgicas € recomendado para prevenir SOS.
Neste contexto, o uso de heparina de baixo peso molecular, o acido ursodeoxicélico

e o defibrotide devem ser considerados (70).
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4 JUSTIFICATIVA

A refratariedade plaquetaria (RP) é uma complicagdo grave relacionada a
transfusdo de plaquetas e afeta principalmente os pacientes hematolégicos em
suporte transfusional crénico. A principal causa de RP imune € a presenca de
anticorpos anti-HLA.

Os pacientes submetidos ao TCTH alogénico geralmente demonstram
incrementos insatisfatorios nas transfusdes de plaquetas devido a uma combinagao
de causas imunes e ndo imunes, incluindo aloimunizagcdo HLA pré-existente. A
obtencdo de plaquetas HLA e/ou HPA compativeis para pacientes altamente
sensibilizados costuma ser demorada, aumentando o risco de sangramentos durante
os periodos de trombocitopenia prolongada pods transplante. Nestes casos, a definicao
precoce de caracteristicas especificas que identificam os pacientes com maior risco
de RP devido a aloimunizagdo HLA pode ajudar a orientar os exames laboratoriais
pré-transplante e permitir a busca antecipada de doadores compativeis,
proporcionando um suporte transfusional adequado e seguro para o paciente.

Na literatura, ndo ha dados suficientes sobre os preditores imunoldgicos para
identificacdo de pacientes com alto risco de RP na presencga de fatores ndo imunes
tdo complexos que fazem parte do cenario do TCTH. Neste trabalho, foi avaliado a
taxa aloimunizagdo HLA pré-TCTH alogénico, a associagdo entre a presenca
anticorpos antiplaquetarios e a RP, e o impacto das transfusbes de plaquetas
compativeis na persisténcia e desenvolvimento de novos anticorpos anti-HLA no pos-
transplante. Também foram avaliados o numero de hemocomponentes transfundidos
até 100 dias p6s TCTH alogénico e o tempo de independéncia transfusional, para
estimativa de demanda transfusional por periodos especificos pés transplante.



37

5 OBJETIVOS

5.1 Geral

Estudar a relagdo entre a aloimunizacdo HLA e refratariedade plaquetaria,
durante o processo de compatibilizacdo de plaquetas, e correlacionar estes achados

com os desfechos clinicos e laboratoriais no p6s-TCTH alogénico.

5.2 Especificos

Determinar a prevaléncia de anticorpos anti-HLA em pacientes submetidos ao
TCTH alogénico através da analise do PRA pré-condicionamento, 30 dias apos o
transplante e, naqueles que apresentarem aloimunizagao anti-HLA e RP, 60 dias pos
TCTH.

Verificar se aloimunizagdo HLA pré e pés TCTH esta associada ao regime de
condicionamento, doengca de base, numero de transfusdes, gestagbes e
compatibilidade HLA com o doador.

Verificar se a aloimunizagdo HLA e RP ap6s TCTH estao associadas aos niveis

de MFI (intensidade média de fluorescéncia) e PRA antes do transplante.

Avaliar se a compatibilizacdo de plaquetas através da prova cruzada por
citometria de fluxo modifica a duragao, persisténcia e niveis de anticorpos anti-HLA.

Avaliar se a presenga de anticorpos anti-HLA pré e/ou p6és TCTH influencia a
enxertia e a doenga do enxerto contra o hospedeiro (DECH).
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7 ARTIGOS

7.1 ARTIGO 1

Platelet Refractoriness screening in pre-allogeneic Hematopoietic Stem Cell

Transplant: Finding the enemy before it is too late

Background and Objectives: The presence of antibodies against HLA Class |
can lead to platelet refractoriness (PR), making the allogeneic hematopoietic stem cell
transplantation (allo-HSCT) even more challenging. Objectives: The aim of this study
was to identify patients with a higher risk for immune-mediated PR pre-transplant and
assess the impact of cross-matched PLTs transfusions on clinical and laboratory
outcomes in the allo-HSCT.

Materials and Methods: We performed a prospective cohort study among
consecutive patients who underwent allo-HSCT at Hospital de Clinicas de Porto Alegre
between 2018 and 2021. Panel reactive antibody (PRA) and mean fluorescence
intensity (MFI) were used for assessing HLA sensitization and the significance of
antibody strengths, respectively. Patients with PRA Class | 220% performed the
screening test for immune PR (IPR) to receive cross-matched PLTs transfusions. We
also calculated the 24-hour corrected count increments (24h-CCl) to evaluate the
effectiveness of PLTs transfusions.

Results: A total of 83 patients (50 males, 33 females) were enrolled. Before
transplant, 29 (34.9%) patients had platelet-reactive alloantibodies and, 15 (18.0%)
patients were identified as IPR. Of them, eight patients received 132 PLTs cross-
matched transfusions. The median 24h-CCl and the rates of successful transfusion
(considering CCIl 24500) was 3176 and 44.7%, respectively. Diagnostic performance
of the baseline maximum MFI, for identification of patients PR in the pre- and post-
transplant (at day 30) period, showed an AUC of 0.875 (IC 95%: 0.710 - 1.00; p=0.023)
and AUC=0.733 (IC 95%: 0.539 - 0.927; p=0.043), respectively. In addition, we found
an association between baseline maximum MFI (median 7383) and persistence of anti-
HLA antibodies 30 days post-HSCT, p=0.018.
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Conclusion: An early identification of alloimmunized patients at high risk of PR
before allo-HSCT, through PRA and MFI analysis, can lead to improved management

to patient refractory to platelet transfusion post-transplantation.

Keywords: Platelet refractoriness, alloimmunization, fluorescence intensity,

thrombocytopenia, allogeneic hematopoietic stem cell transplantation.

Highlights

- Platelet refractoriness is associated with increased risk of complications in
allogeneic stem cell transplantation.

- One third of the patients in this cohort had pre-transplant platelet
alloimmunization through PRA and MFI analysis and there was 18% of patients
with IPR

- Routine identification of antibodies against HLA Class | before HSCT is a
feasible way for early identification of patients with IPR, saving time, costs and
streamline management for platelets refractoriness in this setting.

INTRODUCTION

Platelet refractoriness (PR), a repeated suboptimal response to platelet (PLT)
transfusions with lower-than-expected posttransfusion count increments, is a frequent
and complex clinical event and remains a therapeutic challenge in the management of

patients undergoing hematopoietic stem cell transplant (HSCT). [1]

PR is usually defined as a corrected count increment (CClI) of less than <4500-
5000 platelets/ul at 10-60 minutes, and/or CCl <2500 at 18-24 hours, after two
sequential transfusions of ABO-compatible PLTs, at least one of which had to be
stored for no more than 48 hours. [2,3] The CCI formula incorporates information on
the estimated blood volume or size of the patient as well as the number of PLTs in the

infused product. [2]
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The causes of PLT transfusion-refractoriness can be classified into two
categories: nonimmune-mediated and immune-mediated. Nonimmune factors are
most platelet-refractory cases (80-90%) and include fever, infection, hypersplenism,
disseminated intravascular coagulation (DIC), bleeding, and medications. Immune-
mediated factors are approximately 20% of cases, and are secondary to ABO, Class |
human leukocyte antigen (HLA) (mostly HLA-A and HLA-B), and/or human platelet
antigen (HPA) antibodies. [4]

The development of HLA-specific alloantibodies is associated with previous
exposure to allogeneic HLA via pregnancy, solid organ transplant or non-leukoreduced
blood products. [5] HLA Luminex-based methods can be used to assess HLA
sensitized patients and the significance of antibody strengths can be defined through
mean fluorescence intensity (MFI). [5,6]

Before HSCT, PR can result from HLA-antibodies induced by repeated
transfusions, and after HSCT, many complications may also cause PR, such
as infection, bleeding, and thrombotic microangiopathy (TMA). [7] Other factors
associated with PR related to transplant are lower CD34+ cell dose infused, a higher
number of antibiotics used, and a reduced-intensity conditioning regimen. [8] PR
development can impact negatively on HSCT and was associated with a higher rate of
100-day non-relapse mortality and intensive care unit admission, longer post-
transplant hospital stay, and an increased number of organs affected by severe
toxicity. [9]

Patients who underwent HSCT have reported a low CCI in more than 40% of
PLTs transfusions, demonstrating that HSCT is a factor independently associated with
PR. Currently, there is no consensus on the best strategy to treat PR nor the mean
fluorescence intensity (MFI) threshold for identification of clinically relevant anti-HLA.
[8] Furthermore, the outcomes of PLTs transfusions are not always easy to predict in

terms of bleeding control or increase in PLT count. [10]

Cross-matched PLTs are known to provide adequate CCls for alloimmunized
PR patients. [11] However, the transfusion effectiveness in allo-HSCT recipients,
encompassing several complex nonimmune factors, is not well understood. The aim

of this study was to estimate the rate of HLA alloimmunization before HSCT, identify
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subjects with a higher risk for or overt immune-mediated PR after transplantation, and
evaluate the impact of cross-matched PLTs transfusion on clinical and laboratory
outcomes during and after allo-HSCT.

MATERIAL AND METHODS

This was a prospective cohort study enrolling all patients undergoing allo-HSCT
at Hospital de Clinicas de Porto Alegre (HCPA) between January 2018 and July 2021.
Patients were included irrespective of age, sex, underlying disease, donor type, and
graft source. Exclusion criteria comprised any procedures that could interfere with anti-
HLA antibodies level and formation, such as multiple hematopoietic progenitor cells
(HPC) transplantation and the use of a donor-specific anti-HLA antibody (DSA)
desensitization protocol. [12]

This study was registered on the Brazilian National Platform for Research Ethics
(Plataforma Brasil da Comissao Nacional de Etica e Pesquisa - CONEP) and approved
by the Hospital de Clinicas de Porto Alegre Ethics Research Committee (CAAE
85047318.5.0000.5327). The study was conducted in accordance with the ethical
guidelines of the Declaration of Helsinki.

Data collected and analyzed for each patient comprised age, gender, underlying
disease, graft source, HLA typing (Class I), HLA antibody screen for Class |, degree of
HLA matching, ABO compatibility, type of donor, conditioning regimen, graft-versus-
host disease (GVHD) prophylaxis, neutrophil and PLT engrafting time, use of
vancomycin and amphotericin B, World Health Organization (WHO) grade 3 to 4

bleeding episodes [13], and number of transfusions.

Once PR was suspected by the apparent low PLT response or increased need
for transfusion, the CCl was calculated, and the flow cytometry platelet cross-matching
(FCPCM) was performed. PR was defined as 1-hour CCl <5000 and/or 24-hour CCI
<2500 on two consecutive transfusions using ABO-identical fresh PLTs. [2,3] CCls
were calculated using the formula as follows: CCl = [post-transfusion PLT count (10%/L)
— pre-transfusion PLT count (10%/L)] x [(body surface area (m?)/dose of transfused PLT
(10M)]. [2]
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Other post-HSCT complications, such as infectious events, sepsis, GVHD,
disseminated intravascular coagulation (DIC), veno-occlusive disease (VOD), and
thrombotic microangiopathy (TMA), were also recorded. We defined nonimmune-
mediated causes for PR as an episode of fever (=38°C), bleeding (grade 3 to 4), DIC,
infection, TMA, and splenomegaly. Transplant-associated TMA was defined as
microangiopathic hemolytic anemia, thrombocytopenia, renal failure, and high levels
of serum lactate dehydrogenase. [14,15]

GVHD was stratified through clinicopathological criteria for the diagnosis and
staging of the condition, [16] and VOD was diagnosed according to the Modified
Seattle Criteria. Low molecular weight heparin (LMWH) was part of VOD prophylaxis
for some patients. [17]

Allo-HSCT was classified by donor type (related, matched unrelated, and
haploidentical), as well as by graft source [peripheral blood stem cells (PBSC), bone
marrow (BM), or umbilical cord blood (UCB)]. ABO incompatibility if present was
classified as major (presence of recipient ABO antibodies to donor ABO antigens),
minor (donor ABO antibodies to recipient antigens), or bidirectional (both donor
antibodies to recipient antigens and recipient antibodies to donor antigens are
present). Infused CD34+ cell dose was stratified as low (<2.0 x 108/kg), intermediate
(between 2.0 x 10¢ and 6.0 x 108/kg), or high (>6.0 x 10%/kg). [18]

Conditioning regimens used were categorized as myeloablative conditioning
(MAC) or non-myeloablative (NMA) or reduced-intensity conditioning (RIC) according
to consensus guidelines. [19] Routine supportive care consisted of antimicrobial
prophylaxis and broad-spectrum antibiotic therapy when needed, following an
institutional protocol. [8]

Neutrophil and PLT engraftment were defined as absolute neutrophil count >0.5
x 10%L in the first 3 consecutive days and PLT count >20 x 10%L in the first 7 of
consecutive days without transfusion support, respectively. [20]

Transfusion Support

Our institutional protocol recommends red blood cell concentrate (RBC), if Hb
below 6-7g/dL and, PLTs concentrate, if PLTs <20000, even without signs of bleeding,
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or with the presence of active bleeding, regardless of laboratory values. RBC and PLT
for transplant patients are routinely leukoreduced and irradiated to a minimum of 25Gy,
and PLT are either apheresis (preferentially) or pooled random donor.

Platelet ABO matching categories were defined as follows: ABO-identical; ABO
minor mismatch; and major mismatch. Only ABO-identical transfusions were classified
as compatible. Plasma-incompatible transfusions were classified as minor
incompatible, while A/B antigen-incompatible transfusions were classified as major
incompatibility. Transfusions that were incompatible for both plasma and A/B antigens
were classified as bidirectional incompatibility. [21]

All apheresis PLTs from group O donors were tested for high titre anti-A and
anti-B antibodies. When an identical blood group was not available, a low anti-A and/or
anti-B titer guided apheresis selection. When low agglutinin titer apheresis was also
not possible, incompatible plasma was removed before transfusion. [22] Events where
more than one PLT transfusion were administered during a single response evaluation
period were excluded from the analysis. PLT transfusions in which information was
pending were also excluded from the analysis.

Detection of anti-HLA and HPA antibodies

The detection of anti-HLA antibodies (PRA) was performed by solid-phase
assay for Class | HLA (LABScreen®, Single Antigen, One Lambda Inc.), according to
the manufacturer’s instructions. The strengths of antibody specificities were
determined with HLA Fusion 4.3 software (One Lambda, Inc). The fluorescent cut-off
set was =21000. We used a similar methodology to assay anti-HPA antibodies, with a
Pak-Lx™ Assay kit (Immucor Inc.). This assay detects antibodies against epitopes on
the platelet glycoproteins IIb/llla, Ib/IX, la/lla, and IV, and class | HLA. [23] The decision
on testing retrospectively for anti-HPA was based on anti-HLA Class | levels, FCPCM,
and physician’s evaluation. All patients provided written informed consent before

performing this test.

HLA alloimmunization was defined as an increase in panel reactive antibody
(PRA) score 220%. [24] Patients with PRA Class | 220% performed the screening test
for immune PR (IPR) through the FCPCM. IPR confirmed patients started to receive
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transfusion with cross-matched PLTs. Also, if reactivity was detected to at least two
random PLTs (out of 14 tested), PR was considered secondary to alloimmunization.
[4]

FCPCM was performed by incubating PLTs from donors with serum from
refractory patients, followed by the addition of anti-lgG antibodies (Sigma-Aldrich)
conjugated to a fluorophore (FITC). Briefly, PLTs were washed and resuspended in
buffered saline solution 0.1% (PBS/EDTA) and then incubated with serum for 30 min
at 37°C. After a succession of 4 washes in PBS/EDTA, the sample was incubated with
anti-IgG marked with FITC for 30 min at room temperature. The cells were washed
again before acquisition in the flow cytometer (FACS Canto Il). The results obtained in
median channel fluorescence (MCF) values were transformed into median channel
shift (MCS) values by subtracting the fluorescence value for the patient’s serum from
the fluorescence value by subtracting the MCF of negative control serum from the MCF
of recipient serum. The crossmatch test was considered positive when MCS was =63
channels. [23]

Donors were typed at low resolution using the SSO method (Labtype-A, B, C,
One Lambda Inc.), measured on a flow cytometry platform Luminex, and analyzed with
HLA Fusion software (One Lambda Inc.). Genomic DNA from peripheral blood
leukocytes was extracted using the Qiagen DNA column method (Qiagen, Inc),
followed by a polymerase chain reaction. [23]

Statistical analysis

Continuous variables were presented as mean and standard deviation or
median and range (minimum and maximum), according to the assessment of their
distribution by the Shapiro-Wilk test. Categorical variables were described as absolute
and relative frequency. The difference in the means of independent variables
was evaluated using the Student's t-test or the Mann-Whitney U test, ANOVA or
Wilcoxon Signed Rank test, according to the distribution of the variable. For the
difference between proportions, the Pearson Chi-squared test or Fisher's exact test
were used. To evaluate the diagnostic performance of baseline MFI and platelet
refractoriness (PR) pre-transplant PR and pos-transplant PR (after 30 days), we

constructed a receiver operating characteristic (ROC) curve. A significance level of
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0.05 was used for all comparisons. Statistical analysis was performed in IBM SPSS
Statistics for Windows, Version 20.0 (Armonk, NY: IBM Corp).

RESULTS

We screened 88 patients undergoing allo-HSCT between January 2018 and
July 2021. During this period, four patients were excluded from the prospective cohort:
two received desensitization protocol for DSA antibodies, and two developed graft
failure and needed an additional HPC transplant during the same hospitalization.
Furthermore, for one patient, data on outcomes were not available by the time the

present analysis was performed and consequently not included in this report.

A total of 83 patients (50 males, 33 females) were enrolled in this study. The
median age for the whole population was 14 years (range 0 - 58). Fourteen (16.9%)
female patients had anti-HLA antibodies before transplant. There was no association
between alloimmunization and previous pregnancies (p=0.577). Twenty-five patients
(30.1%) had splenomegaly identified on imaging examination or by physical
examination in the pre-transplant evaluation. Baseline information from patients and

transplant procedures are summarized in Table 1 and 2, respectively.

Patients were grouped into five categories based on the underlying disease:
acute lymphoid leukemia; acute myeloid leukemia; bone marrow failure syndromes
(aplastic anemia, dyskeratosis congenita, and myelodysplastic syndrome); other
malignant diseases (chronic myeloid leukemia, myelofibrosis, Hodgkin’s lymphoma,
and non-Hodgkin’s); and other non-malignant diseases (beta thalassemia, Wiskott-
Aldrich syndrome, hemophagocytic lymphohistiocytosis syndrome, X-linked
adrenoleukodystrophy, Griscelli syndrome type 2, mucopolysaccharidosis, severe
combined immunodeficiency syndrome and hereditary porphyria).

The most frequent underlying disease was acute lymphoid leukemia (ALL),
followed by acute myeloid leukemia (AML) and bone marrow failure syndromes.
Among bone marrow failure patients, approximately 67% were already HLA
alloimmunized at the time of hospital admission for transplant, representing more than
a third of all patients with reactive PRA at this time point (p=0.047), followed by AML
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(20.7%). All patients with bone marrow failure had a previous history of 15 or more

transfusions.

A higher proportion of patients received NMA/RIC (57.8%) instead of MAC
(42.2%) conditioning. There was no association between conditioning regimen and
alloimmunization, or with PR at 30 days; p=0.609 and p=1.000, respectively. Unrelated
donors were the major type of donor (44.6%), with a full HLA match found in 60.2% of
transplants. There was also no association between the donor HLA compatibility and
alloimmunization at 30 days after HPC infusion, p=0.124.

The preferred graft source was BM (65.1%), followed by PBSC (31.3%), and
UCB (2.4%). Most patients with PR at 30 days (n=26, 60.5%) received BM. However,
the difference of PR rate between HPC source was not statistically significant
(p=0.493). The median CD34+ cell dose infused was 4.9 (3.2 - 6.8) x 10%Kg of
recipient weight. In one patient, CD34+ count was not informed.

The analysis for PR was performed in patients who were considered
alloimmunized based on a starting HLA Class | PRA score 220%. Of these, 11 (13.2%)
patients had a PRA 220%, six (7.2%) PRA 260% and five (6.0%) PRA =80%
(considered hyperimmunized). The study protocol is illustrated in Figure 1.

A total of 16 IRP patients had been also screened for HPA antibodies. One
patient had antibody against glycoprotein lIb/llla, three had anti-HLA, eight were
negative. For technical reasons, it was not possible to analyze the remaining four
patients. The specificities of platelet-reactive anti-HLA and anti-HPA alloantibodies
were found in 29 (34.9%), including 28 (33.7%) with anti-HLA alloantibodies only, 1
(1.2%) with both anti-HLA and anti-HPA alloantibodies. The frequency of anti-HLA

antibodies is showed in Table 3.

For 63 patients (75.9%), information on day 30 post-transplant anti-HLA
antibody screen was available. Of these, 28 (44.4%) patients maintained a negative
screen for anti-HLA Class | antibodies, 21 (33.3%) persisted alloimmunized, 4 (6.4%)
showed disappearance of previous anti-HLA antibodies, and 10 (15.9%) who were not
alloimmunized before HSCT, developed anti-HLA antibodies. One patient developed
antibody against glycoprotein llb/lla. Twenty (31.7%) patients had no information on
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day 30 anti-HLA antibody screen, nine of them due to logistical problems in sample
collection, seven had already been discharged at day 30 and four died before 30 days

of transplantation.

All PLTs transfusions from HSCT admission to HPC infusion were evaluated
through the CCI to identify potential PR patients. We observed that 18/83 patients
(21.7%) met the criteria for PR before transplant; 15 patients (18.0%) presented
immune and non-immune factors, and three patients only non-immune factors. Of the
15 patients with immune and non-immune PR before transplant, nine had PRA =220%
and positive FCPCM, and seven patients had PRA <20% (four of them showed a
negative FCPCM,; three did not undergo FCPCM and showed an MFI <3000).

A total of 435 transfusions were performed in 15 patients with immune and non-
immune PR and 24h-CCl was able to be calculated in 339 (77.9%) of them. From those
nine patients selected by PRA and positive FCPCM, eight effectively underwent PLT
cross-matching protocol in two or more transfusions, receiving a total of 132 cross-
matched PLT apheresis units and a median 24h-CCl of 3176 (-33420 — 104855). The
proportion of successful transfusions considering CClI 24500 was 44.7%. The
characteristics of eight patients who underwent PLT cross-matching protocol are

summarized in Table 4.

Diagnostic performance of the baseline maximum MFI, identified in PRA, in the
identification of patients PR, in the pre-transplant period, evaluated through a ROC
Curve (Figure 2), showed an AUC of 0.875 (IC 95%: 0.710 - 1.00); p=0.023. Maximum
MFI at baseline also showed a significant discriminative performance when post-
transplant PR (at day 30) was considered, with an AUC=0.733 (IC 95%: 0.539 - 0.927);
p=0.043.

Our results showed an association between baseline maximum MFI and
persistence of anti-HLA antibodies 30 days post-HSCT, median MFI for these with
antibody persistence 7383 (1581 - 29110) versus 1688 (1360 - 4089) median MFI for
those patients whose antibodies have disappeared until 30 days, p=0.018 (Figure 3).

Analysis of the impact of cross-matched PLT transfusion on the persistence of
anti-HLA antibodies, measured by MFI, did not show a statistically significant
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difference (p=0.626). Median MF| when PLTs were cross-matched was 11378 (3393 -
14174) and, when not performed, was 16144 (8364 - 18792), p=0.592. The median of
the number of PLTs transfused was 11 (4 - 31) for cross-matched PLTs apheresis
units; when not performed, the median 8.5 (6 - 12), p=0.608.

When considering the whole sample (83 patients), a total of 1513 PLTs
transfusions were performed. The number of PLTs transfusions showed a median of
11 units, ranging from 1 to 119. There was also no association between the number of
PLTs transfusions transfused and alloimmunization at 30 days after HPC infusion,
p=0.165. A total of 2238 blood components transfused showed a median of 15 units,
ranging from 0 to 174. There was also no association between the number of total
blood components transfused and alloimmunization at 30 days after HPC infusion
(p=0.147).

The presence of anti-HLA antibodies before HSCT did not influence neutrophil
or PLT engraftment, p=0.694 e p=0.609, respectively; neither did the presence of anti-
HLA antibodies after HSCT, p=0.796 e p=0.846 respectively.

Eighteen (21.7%) patients had bleeding episodes after HSCT, 10 (12%) patients
had grade IlI-1V bleeding, and two (2.4%) patients died because of bleeding. The most
frequent bleeding site was genitourinary (n=10, 55.6%), followed by gastrointestinal,
pulmonary, central nervous system, gynecological, and others. During hospitalization
for transplantation, 15 patients died. Sepsis was the cause of death in 13 patients
(86.7%), followed by intracranial and genitourinary bleeding.

DISCUSSION

Patients who have undergone an allogeneic HSCT often demonstrate poor
increments to PLTs transfusions due to a combination of immune and non-immune
causes, including pre-existing HLA alloimmunization, medications, viral infections and

sepsis. [25]

The incidence of alloimmunization has been estimated to be 20 - 60% among
hematological patients requiring chronic platelet transfusion support [26], and the
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reported incidence of PR in hematology/oncology range from 7 and 34%. [7] Authors
who evaluated alloimmunization in adult and pediatric patients undergoing HSCT
reported a rate of 26.2% and 13.8%, respectively. [27,28]

In this study, we evaluated the alloimmunization status and refractoriness to
PLTs transfusions in 83 adult and pediatric patients before performing allo-HSCT and
identified 29 patients (34.9%) presenting anti-HLA Class | and 18 (21.7%) patients with
established PR. We found an association between the bone marrow failure syndromes
and alloimmunization (p=0.047).

The type of stem cell source can also influence CCI. There was a higher rate of
PR in patients who received UCB as compared to patients who received PBSC. [29]
In our analysis, there was no association between the different sources of HPC,
p=0.493. Nonetheless, consistent with other studies, we observed that patients who
underwent UCBT can present delayed platelet PLT engraftment due to the low number
of CD34+ cells infused, higher PLT transfusion requirements, and association with PR.
[8]

The retrospective evaluation of 491 allo-HSCT recipients concluded
that prolonged severe thrombocytopenia (after day +28), acute grade IlI-1IV GVHD and
TMA were associated with life-threatening bleeding after allo-HSCT. Of these, 126 allo-
HSCT recipients experienced a hemorrhagic event (25.7%), and 46 patients
developed a life-threatening bleeding episode (9.4%). Pulmonary and gastrointestinal
bleeding were the most common sites for life-threatening bleeding, followed by the
central nervous system. [14] In the current study, 18 (21.7%) patients had bleeding
episodes after HSCT, 10 (12%) patients had grade llI-IV bleeding, and two (2.4%)
patients died because of bleeding.

HLA antibody formation is dynamic and depends not only on presensitization
but also on ongoing exposure to new HLA antigens. [30] Exposure to PLTs antigens
through transfusions may play a contributory role in the development of new and/or
increasing titers of HLA antibodies in the post-transplant setting. The persistence of
HLA antibodies more than 100 days after HSCT may be related to the use of the RIC
regimen that allows the recipient's HLA antibody-producing plasma cells to have a

better chance of surviving compared to transplant regimens using myeloablative
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conditioning. [25] Our results, did not find an association between the number of PLTs
transfused, neither conditioning regimen RIC, and alloimmunization at 30 days,
p=0.608 and p=0.609, respectively.

Authors observed that the duration of HLA-antibody persistence post-transplant
was strongly associated with pre-transplant HLA-antibody level of intensity, as
measured by MFI and PRA. This finding has important implications for the post-
transplant transfusion management of highly HLA allosensitized patients (especially
those with MFI >10000) in terms of maintaining an inventory of HLA-matched PLTs for
a prolonged time after transplant (>100 days) in those patients who continue to require
platelet transfusion support. [25] We found an association between baseline maximum
MFI (median 7383) and persistence of anti-HLA antibodies 30 days post-HSCT.

Seike et al. evaluated 16 patients that received a total of 241 PLTs, of which
139 PLTs were cross-matched, and 157 (65.1%) transfusions under situations with
non-immune-mediated PR. A 24h-CCl 24500 was considered a successful
transfusion. When patients had non-immune-mediated PR, the median 24h-CCl was
1856 and the successful transfusions occurred only 28.1% for cross-matched PLTs. In
the analysis of all transfusions, the median 24h-CCl was 2626 and the transfusion
success rate was 38.1% for cross-matched PLT. [7] In our study, we observed a
superior response in cross-matched PLTs for PR-associated non-immune factors. A
total of 435 PLT transfusions were performed in 15 patients, and the 24h-CCl was
calculated at 339 (77.9%) transfusions. Of these, 132 (38.9%) PLTs were cross-
matched. The 24h-CCl and the rates of successful transfusion (CCl 24500) was 3176
and 44.7%, respectively.

PR is a complex challenge for both clinical teams and transfusion medicine
services. Immune causes of PLT transfusion refractoriness represent an opportunity
to provide truly personalized transfusion services that can resolve bleeding. [31] The
proposed practice to early identification of patients who have antibodies against HLA
Class | before transplantation, can help save time, costs and streamline management,
especially in the provision of PLT products for these patients in the HSCT setting,
where the consequence of alloimmunization and PR can be severe with the risk of life-

threatening bleeding.
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Table 1. Baseline patient
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Characteristics

Patients (N=83)

Age, median (range)
Gender: male, n (%)
Previous pregnancies, n (%)
No
1
2
Splenomegaly, n (%)
Diagnosis, n (%)
Acute lymphoid leukemia
Acute myeloid leukemia
Bone marrow failure syndromes
Other malignant diseases
Other non-malignant diseases

14 (0-58)
50 (60.2)

24/33 (72.7)
6/33 (18.2)
3/33 (9.1)
25 (30.1)

26 (31.3)
17 (20.5)
15 (18.0)
13 (15.7)
12 (14.5)




Table 2. Transplant characteristics
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Characteristics Patients (N=83)
Donor, n (%)
Related 22 (26.5)
Unrelated 37 (44.6)
Haploidentical 24 (28.9)
ABO blood group compatibility, n (%)
ABO compatible 44 (53.0)
Minor mismatch 13 (15.7)
Major mismatch 22 (26.5)
Bidirectional 4 (4.8)
Conditioning regimen, n (%)
Myeloablative 35 (42.2)
Non-myeloablative/reduced intensity 48 (57.8)
Stem cell source, n (%)
Peripheral blood 26 (31.3)
Bone marrow 54 (65.1)
Umbilical cord 2(2.4)
Peripheral blood + bone marrow 1(1.2)
Infused CD34+ x 10°/Kg
Mean (SD) 4.9 (+2.4)
Low <2 x 10%/Kg, n (%) 8 (9.8)
Intermediate 2 - 6 x 105/Kg, n (%) 48 (58.5)
High >6 x 10°/Kg, n (%) 26 (31.7)
GVHD prophylaxis, n (%)
CSA 7 (8.4)
(TAC or CSA) + MTX 29 (34.9)
(TAC or CSA) + MMF 10 (12.0)
TAC or CSA + MTX + ATG 13 (15.7)
PTCy and related conditioning regimens 15 (18.1)
Others 9(10.9)
Engraftment, n (%)
Neutrophil 77 (92.7)
Platelet 61 (73.5)
Complications after HSCT, n (%)
Grade IlI-IV acute GVHD 13 (15.7)
Grade IlI-IV bleeding 10 (12.0)
Veno-occlusive disease 4 (4.8)
Thrombotic microangiopathy 5 (6.0)

SD, standard deviation; GVHD, graft-versus-host disease; CSA, ciclosporin; TAC, tacrolimus;

MTX, methotrexate; MMF, mycophenolate mofetil; ATG, anti-thymocyte globulin; PTCy, post-

transplant cyclophosphamide; HSCT, hematopoietic stem cell transplantation.
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Table 3. Different anti-HLA Class | antibodies frequency in 29 patients before HSCT.

-HLA-A n Frequéncia % -HLA-B n Frequéncia % -HLA-C n Frequéncia %
A1 4 13,8 B76 10 34,5 Cws 3 10,3
A11 4 13,8 B45 9 31,0 Cwi5 3 10,3
A23 4 13,8 B44 8 27,6 Cwi1 2 6,9
A34 4 13,8 B82 7 241 Cw17 2 6,9
A66 4 13,8 B56 6 20,7 Cw2 1 3,4
A2 3 10,3 B81 6 20,7 Cw4 1 3,4
A24 3 10,3 B13 5 17,2 Cwb 1 3,4
A29 3 10,3 B41 5 17,2 Cw7 1 3,4
A43 3 10,3 B61 5 17,2 Cwi12 1 3,4
A80 3 10,3 B67 5 17,2 Cw18 1 3,4
A3 2 6,9 B7 4 13,8
A25 2 6,9 B27 4 13,8
A26 2 6,9 B42 4 13,8
A32 2 6,9 B48 4 13,8
A33 2 6,9 B50 4 13,8
A3 2 6,9 B55 4 13,8
AB8 2 6,9 B57 4 13,8
AB9 2 6,9 B60 4 13,8
A30 1 34 B73 4 13,8
A31 1 34 B8 3 10,3
A74 1 34 B37 3 10,3

B49 3 10,3

B53 3 10,3

B58 3 10,3

B63 3 10,3

B75 3 10,3

B77 3 10,3

B35 2 6,9

B38 2 6,9

B39 2 6,9

B46 2 6,9

B47 2 6,9

B51 2 6,9

B52 2 6,9

B54 2 6,9

B59 2 6,9

B62 2 6,9

B64 2 6,9

B65 2 6,9

B71 2 6,9

B72 2 6,9

B18 1 34

B78 1 3,4

HLA, human leukocyte antigen; HSCT, hematopoietic stem cell transplantation.
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Table 4. Clinical and laboratorial features of patients with immune and non-immune

platelet refractoriness who received platelet cross-matching transfusion.

Clinical and laboratorial Patient
features 1 2 3 4 5 6 7 8
Age 11 45 46 31 52 30 271 24
Gestation history No NA 1 NA 2 NA 1 1
Previous transfusion Yes Yes Yes Yes Yes Yes Yes Yes
Diagnosis Beta Hodglin's AA  AA AML CML AA AA
Thalassemia Lymphoma
Splenomegaly Yes No No Yes No No No No
Fever Yes Yes No Yes Yes Yes No No
Infection Yes Yes No Yes No Yes No No
Bleeding No Yes Yes No No No Yes Yes
Use of medication
Heparin Yes No No Yes Yes Yes Yes No
Amphotericin No No No No No No No No
Vancomycin Yes No No Yes Yes No No No
Class | PRA 95 98 81 41 35 19 92 74
Anti-HPA Glla-lllb No No No No No No No
Baseline maximum MFI 29110 13600 15618 7571 9259 10966 7983 12433

NA, not applicable; AA, aplastic anemia; AML, acute myeloid leukemia; CML, chronic myeloid leukemia.
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Patients who underwent PRA
preconditioning for allo-HSCT
N=88

Not selected: |
- Negative PRA (n=57)

Excluded:

- Desensitization protocol (n=2)

HLA Class | Antibodies

n=29
ALLOIMMUNIZED
Class | PRA <20% Class | PRA 220%
n=18* n=11*
Not tested: |
-FCPCM (n=13) | |
HIGH RISK FOR PR
Patients who performed FCPCM Class | PRA <60% Class | PRA 260%
n=5 n=5 n=6
FCPCM - FCPCM + FCPCM - FCPCM + FCPCM - FCPCM +
n= n=1 n=2 n=3 n=1 n=5

Anti-HLA Class | and FCPCM + ‘

n=9**

*Number of patients selected by PRA and FCPCM:
- Class | PRA <20% = n=1/18
- Class | PRA 220% = n=8/11

** Number of patients selected to receive PLTs cross-matched
Figure 1. Study protocol for patients undergoing allogeneic HSCT.

Allo-HSCT: allogeneic hematopoietic stem cell transplant; HLA, human leukocyte antigens; PRA, panel

reactive antibody; FCPCM, flow cytometry platelet cross-matching; PLTs, platelets.
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Figure 2. ROC Curve evaluating diagnostic performance of baseline MFI and platelet
refractoriness. (a) Pre-transplant PR; (b) Pos-transplant PR.
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7.2 ARTIGO 2

Predictors of transfusion independence in allogeneic hematopoietic stem cell
transplantation

Background and Objectives: Patients undergoing hematopoietic stem cell
transplantation (HSCT) usually require substantial transfusion support of red blood
cells (RBC) and platelets (PLT). The aim of this study was to identify factors associated
with the number of RBC/PLT transfusions and days of transfusion independence

during allogeneic HSCT.

Methods: In this prospective study, we evaluated all transfusions of patients
undergoing HSCT at Hospital de Clinicas de Porto Alegre between 2018 to 2021. The
number of blood components transfused, and days of transfusion independence were
computed along with other HSCT variables.

Results: Patient and transplantation specific data from 86 patients who
underwent HSCT was analyzed. The percentage of patients that transfused RBC or
PLT in the period 0-30 days, 31-60 days, and 61-100 days after HSCT was 97.7%,
46.3% and 36.4%, respectively. The median sum of days of transfusion independence
of RBC between 0-30 days, 31-60 days and 61-100 days were 27, 30 and 40,
respectively. Regarding PLT, the median sum of days of transfusion independence
between 0-30 days, 31-60 days and 61-100 days were 22, 30, 40, respectively. The
dose of CD34+ was correlated with early platelet engrafting and patients in remission
had a longer timer without transfusion in the 100 days following HSCT.

Conclusion: Results suggest that patient-related factors, and transplantation
characteristics may impact on transfusion demand for RBC and PLT in post-HSCT,
allowing for the identification of patients who may have a higher possibility of increased
transfusion demand. More accurate transfusion estimates might improve management

blood components inventory, resulting in a more effective and safer care.

Keywords: allogeneic hematopoietic stem cell transplantation; transfusion; red

blood cells; platelet; transfusion independence; transfusion support.
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INTRODUCTION

Hematopoietic stem cell transplantation (HSCT) is often the only ultimate
curative treatment for patients with malignant and non-malignant disorders.
Nonetheless, this therapy poses great complexity and risk, especially regarding
interactions between the HSCT variables and patient individual characteristics[1-3].
According to the World Wide Network of Blood and Marrow Transplantation, HSCT
increases 7% per year, currently reaching approximately 90,000 procedures/year [4].

HSCT influence transfusion practice not only at the institution where it is
performed, but also in the transfusion services that treat these patients before and
after transplantation. Furthermore, even several years after the HSCT, some patients
remain immunosuppressed and also may still require blood transfusion [5]. Patients
undergoing HSCT require red blood cells (RBC) and platelets (PLT) transfusion
support to aid in the management of prolonged cytopenia, bleeding, manifestations of
underlying disease or complications of transplantation [2,6-9]. To successfully
manage hemorrhagic complications in post-HSCT patients, one should previously
identify risk factors associated to increased transfusion support after transplantation.
In this way, the blood bank is able to organize a specialized and anticipated care for
these patients aiming at a favorable result at the end of the process [6,8].

Notwithstanding the impact of transfusion of blood components in patients
undergoing HSCT, evidence regarding transfusion support for these patients is lacking
[2,9,10]. The aim of this study was to evaluate the transfusion support of patients
undergoing HSCT and to identify the factors that may be associated with an increased
transfusion demand for RBC and PLT and factors that may impact transfusion

independence.

MATERIAL AND METHODS

This study was registered on the Brazilian National Platform for Research
Ethics (Plataforma Brasil da Comissdo Nacional de Etica e Pesquisa - CONEP) and
approved by the Hospital de Clinicas de Porto Alegre Ethics Research Committee
(CAAE 85047318.5.0000.5327). The study was conducted in accordance with the
ethical guidelines of the Declaration of Helsinki.
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Patient inclusion and collection of baseline data

All consecutive patients undergoing allogeneic HSCT at Hospital de Clinicas
de Porto Alegre between January of 2018 and July of 2021 were included. Two
patients were excluded because they were still hospitalized while final analysis took
place. Baseline patient data collected from the registry database at our institution

included information from all the inpatient time.

Data collected and analyzed for each patient included: age, gender, underlying
disease, remission, graft source, type of donor, HLA compatibility, ABO compatibility,
CD34+ dose, amount of total nucleated cells (TNC x 108/kg), conditioning regime,
graft-versus-host disease (GVHD), GVHD prophylaxis, grade of GVHD (acute),
neutrophil and PLT engraftment time, thrombotic microangiopathy, splenomegaly,

number of RBC and PLT transfusion, chimerism and mortality.

Patients were grouped based on the underlying disease: aplastic anemia,
myelodysplastic syndrome, leukemias (acute lymphocytic leukemia - ALL, chronic
lymphocytic leukemia - CLL, acute myeloid leukemia - AML and chronic myeloid
leukemia - CML), lymphoma (Hodgkin and non-Hodgkin diseases, follicular
lymphoma, lymphoblastic lymphoma, peripheral T-cell lymphoma), malignant
diseases (juvenile myelomonocytic leukemia, mixed phenotype acute leukemia,
primary myelofibrosis), non-malignant diseases (beta thalassemia disease, Griscelli
syndrome type 2, porphyria hereditary, mucopolysaccharidosis, x-linked
adrenoleukodystrophy) and immunodeficiency (hemophagocytic syndrome, Wiskott-

Aldrich syndrome, severe combined immunodeficiency).
Collection of transplant data

HSCT was classified by donor type (related, matched unrelated and
haploidentical) and stem cell source (peripheral blood stem cells (PBSC), bone
marrow (BM) or umbilical cord blood (UCB)). For patients who received two HSCT,
the source was variable. ABO incompatibility, if present, was categorized as major
incompatibility (receptor’'s plasma has isohemagglutinins against the donor's
erythrocyte), minor (donor's plasma has isohemagglutinins against the recipient's
erythrocytes) or bidirectional (both donor and recipient's plasma have
isohemagglutinins against each other).
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Conditioning regimens used were classified as myeloablative (MA) or non-
myeloablative/reduced intensity (NMA/RIC). The choice of conditioning regimen was
influenced by patient’s underlying disorder, performance status, and comorbidities as
well as institutional guidelines. Infused CD34+ cell dose was categorized as low (<2.0
x 10%/kg), intermediate >2.0 x 108/kg - <6.0 x 108/kg), or high (26.0 x 10°/kg). Platelet
engraftment was defined as the first of seven consecutive days with platelet count
>20,000/uL without transfusion support and neutrophil engraftment was the first of
three days with neutrophil count >500uL. From 30 days after HSCT was regularly

evaluated chimerism.

Patients received GVHD prophylaxis according to donor type, classified in
matched unrelated, related or haploidentical according with the institutional protocol.

Acute GVHD was considered when diagnosis occurred within the first 100 days
after transplantation. Grading of acute GVHD was categorized into grade | and II, Ill

or IV based on established criteria.
Transfusion practice and transfusion independence

Institutional transfusion guideline recommends RBC concentrate if Hb level falls
below 6-7g/dL and, PLTs concentrate, if PLT <20,000/uL, even without signs of
bleeding, or with the presence of active bleeding, regardless of laboratory values. RBC
and PLT transfused were leukoreduced and irradiated to a minimum of 25Gy. All PLT

units were, preferentially, collected by apheresis from a single donor.

For patients presenting ABO incompatibility in transplant, the ABO selection of
blood components respected the phase pre-, peri-, and post-HSCT. Patients with
platelet refractoriness received cross-matched compatible platelets based on panel
reactive antibody results. All apheresis PLTs from group O donors were tested for high
titer anti-A and anti-B antibodies. When an identical blood group was not available, a
low anti-A and/or anti-B titer guided apheresis selection. When low agglutinin titer
apheresis was also not possible, incompatible plasma was removed before transfusion
[11]. When clinically significant RBC alloantibodies were detected, RBC units with

antigen-negative according to the phenotype were recommended.



74

RBC and/or PLT transfusions were computed according to the period, starting
before HSCT between Day -10 and Day -1, followed by Day 0 (day of the graft infusion)
until Day 30 after HSCT, Day 31-60 and Day 61 until Day 100 after HSCT. The total
RBC and PLT transfusions events in each period were determined considering the
number of days transfusion was performed. The transfusion independence (RBC and
PLT) was defined as the number of days without transfusion during each period.
Number of units transfused was not included at this study.

Statistical analysis

Continuous variables were described as mean and standard deviation or
median and interquartile range (or minimum and maximum values) pending on their
normal distribution evaluated through Shapiro-Wilk Test. Categorical data were
described as absolute and relative frequencies. Differences on the distribution of
continuous data among categories were evaluated by Student T test, Mann-Whitney
U test, ANOVA or Kruskal-Wallis Signed Rank test, were indicated. Categorical data
differences in proportion of events were evaluated through Pearson Chi-square test.
Correlations between continuous variables were assessed through Pearson and
Spearman Correlation tests. All analyses were performed on IBM SPSS Statistics for
Windows, Version 20.0. (Armonk, NY: IBM Corp).

RESULTS

From 2018 to 2021, a total of 88 patients underwent HSCT at our center.
Eventually, 86 patients were enrolled in this study. Two patients were excluded
because data outcomes were not available by the time the present analysis was
concluded. Patient baseline demographic, clinical data and transplant information are

summarized in Table 1.

Median age was 14 (range 0-58) years, 59.3% were male patients. Most
frequent diagnoses were: ALL (30.2%), AML (19.8%) and aplastic anemia (16.3%),
lymphoma (9.3%), immunodeficiency (8.1%), non-malignant disorder (5.8%). Twenty-
six (30.2%) patients presented splenomegaly identified on imaging examination or by
physical examination in the pre-transplant evaluation, and five (5.8%) had thrombotic
microangiopathy. Disease remission was seen in 32 (55.2%) patients. Splenomegaly
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was associated with an increase of PLT transfusion in the period of 0-30 days post-
HSCT (p=0.027). Three patients (3.5%) show RBC alloantibodies and continued to
transfuse RBC negative for the corresponding antigen.

A total of 22 (25.6%) patients received graft from matched related donors, 38
(44.2%) matched unrelated donors and 26 (30.2%) haploidentical donors. Bone
marrow was the major graft source (66.3%), followed by PBSC (30.2%) and UCB
(2.3%). Thirty-seven (43.0%) patients were conditioned with NMA/RIC and 49 (56.9%)

with MA regimens.

In 41 (47.7%) cases, ABO incompatibility was present, 23 (26.7%) were major,
14 (16.3%) minor and 4 (4.7%) bidirectional. A higher proportion of patients (58.1%)
presented a full HLA match. The median of platelet and neutrophil engraftment days
was 19 (range 8-63) and 17 (range 11-27), respectively. The mean of CD34+ and CNT
x 108/kg cell dose infused was 5.0 x 10%/kg and 7.1 x 108/kg, respectively. In one
patient, CD34+ count was not informed. It was found that the dose of CD34+
influenced platelet engraftment (Figure 1). Thirty-one (36.0%) patients died, from
which six (19.4%) before day 30, four (12.9%) between day 31-60 after HSCT, six
(19.3%) between day 61-100 after HSCT and 15 (48.4%) after 100 days of HSCT.
Sepsis was the main cause of mortality, followed by genitourinary bleeding.

Transfusion Support

A total of 471 transfusions episodes were performed. The frequency of RBC
and PLT transfusions in the 10 days before transplantation was 27.9% and 31.4%,
respectively. In the first 30 days after transplant, 93.0% of patients received RBC
transfusion and 75.6% received PLT transfusion. The transfusion support of RBC and
PLT decreased in the post-transplantation periods more than half, comparing the
periods of the first 30 days and 31-60 days after HSCT.

Patients received a mean of 3.2 (£3.3) units of RBC in the first 30 days, 1.0
(£1.9) unitin 31-60 days and 1.0 (¥2.4) unit in the 61-100 days after HSCT. The mean
of platelets transfused per patient was 10.5 (£8.8) units, 3.3 (+6.1) units and 3.0 (+7.4)
units, respectively (Table 2).



76

Sixty-eight (79.1%) patients achieved a complete chimerism. From these, 19
(27.9%) were in the first 30 days after HSCT, 47 (69.1%) between 31-60 days and 2
(3.0%) between 61-100 days after HSCT. In the group with complete chimerism, the
mean of RBC and PLT transfusion was 9.7 and 2.8, respectively, while in the group of
patients that did not reach chimerism during the follow-up, the mean was 11.9 and 4.4
for RBC and PLT transfusion, respectively.

Transfusion independence

Gender, mortality, complete chimerism and disease in remission were

associated with RBC and PLT transfusion and transfusion independence (Table 3).

RBC and PLT transfusion independence were analyzed by period. In the first
30 days after HSCT, the mean of RBC transfusion independence was 25.2 (+5.6) days
and 19.9 (x7.7) days for PLT independence. Between 31-60 days and 61-100 days
period the mean of RBC independence was 27.9 (+5.3) and 36.9 (£7.6) days,
respectively. And the PLT independence was 26.3 (+7.3) and 35.1 (£9.9) days,
respectively. Results showed that patients who died had a less RBC transfusion
independence between 31-60 days and 61-100 days after HSCT and PLT transfusion
between 0-30 days and 61-100 days after HSCT.

DISCUSSION

We evaluated the transfusion support in patients undergoing HSCT and
described transplant and patient-related characteristics that can impact in an

increased transfusion demand and transfusion independence.

Our data showed that disease in remission, male gender, and attainment of
complete chimerism influenced transfusion independence in post-HSCT. Studies
comparing clinical factors and transfusion independence interval showed additional
associations. Viellez et. al [9], evaluating 169 patients identified that male gender,
intermediate or advanced disease stage at transplant, use of cord blood stem cells
and minor or major ABO incompatibility were predictive factors for increased
transfusion demand after HSCT. Our sample had only two patients who received UCB
as a source of stem cells and, although not statistically significant, UCB graft patients
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apparently needed much more RBC and PLT transfusions within 100 days after
transplantation.

Yuan et al. found that female patients were more likely to present PLT
transfusion independence than male patients and RBC transfusion independence was
similar between gender [7]. Le Viellez et al. found that male gender were associated
with increased transfusion demand in the first 30 days after HSCT [9]. In this study,
we identified that the male gender was associated with longer intervals without RBC
transfusion and higher RBC independence in the first 30 days after HSCT (p= 0.044).
However, there was no association between the time of PLT transfusion independence
and gender.

Several studies established that HSCT with ABO incompatibility poses an
augmented transfusion demand. Others authors instead reported that patients
undergoing HSCT with or without ABO incompatibility have similar transfusion needs
[9,12-15]. These different findings may be associated with other variables that impact
transfusion support, such as a different conditioning regimen and GVHD prophylaxis,
graft source and study sample. This heterogeneity compromises adequate evaluation
of the effects of incompatibility ABO in HSCT [12,16,17]. In the present study, we
observed that there was no statistically significant difference in the transfusion
independence of RBC and PLT when associated with ABO incompatibility in any

period evaluated.

Study demonstrated that low doses of CD34+ (<2.0 x 10%/kg) were associated
with an increased transfusion demand of RBC and PLT and shorter RBC transfusion
independence intervals [6]. Another study performed by Yuan et. al [7], also found that
low doses of CD34+ were associated with an increase of transfusion requirement,
especially in the first 30 days post-HSCT. Our findings confirm that the higher the dose
of CD34+, the earlier platelet engraftment takes place (p=0.012) and also showed a

trend towards an earlier neutrophil engraftment.

The underlying disease can be a confounding factor in the assessment of
transfusion support. Therefore, studies frequently restrict patients with certain
diagnosis from analysis of transfusion independence [9]. The present study identified
the increased transfusions need 10 days before HSCT for both RBC (p<0.001) and
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PLT (p<0.001) were seen in patients with CML and aplastic anemia, respectively.
However, underlying disease did not demonstrate association with RBC and/or PLT
transfusion independence in the follow-up period, even though the majority of patients
had leukemia as primary disorder (50.0%). In addition, in the post-transplant period,
the number of blood component units demanded and transfusion dependence interval
should have been greater, although this was not observed in our findings [6].

While underlying disease did not influence transfusion demand during
transplantation in this study, other factors directly related to primary diagnosis such as
conditioning regimen showed a significant association. Conditioning regimens vary
according to diagnosis, graft source and patient-related factors and may change
significantly between the transplants centers [2,18]. The NMA/RIC was associated
with the need of a higher number of PLT transfusions (p<0.001) during pre-transplant
period and demonstrated a trend for a higher number of RBC transfusions also.

Splenomegaly can result in blood and platelet flow redistribution apart from the
circulating pool to the splenic pool, leading to thrombocytopenia in patients with this
condition. In healthy individuals, one-third of platelets are usually sequestered in the
splenic pool [19]. In the present study, we found that patients with splenomegaly
needed more platelets transfusions within 0-30 days post-HSCT when compared to
patients not presenting the condition (p= 0.027).

A study demonstrated that the presence of splenomegaly and use of antiplatelet
drugs significantly contributed to platelet transfusion refractoriness. Those factors
were also associated with decrease of corrected count increment (CCl), which were
additionally associated with other factors such HSCT and fever. Patients who are
refractory to platelet transfusions receive a higher number of blood components [20].
In our study, of 26 patients with splenomegaly. Of them, five (19.2%) presented
immune refractoriness concomitantly, and 13 (50.0%) non-immune refractoriness

(data not shown).

Complete chimerism was achieved in 68 patients within the follow-up period.
To maintain engraftment after HSCT, it is important that complete donor
hematopoiesis is consolidated [21] and in this context our data show that patients who
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presented 100% chimerism in the first 30 days after HSCT presented greater
transfusion independence of RBC (median: 27 days, p=0.022).

Allogeneic hematopoietic stem cell transplantation donor type may also
influence need for transfusions [9]. A study performed in 2021 showed that patients
who underwent haploidentical transplant had a lower frequency of PLT transfusion
independence. The use of alternative donors instead of matched related donor is
always a challenge in HSCT practice. Unfortunately related donors are not always
available and the use of haploidentical donors has been increasing in the last few
years [22,23]. This alternative source of graft allowed an increase in the number of
allogeneic transplants [24].

In a study, graft failure could be observed in 2-15% of patients who underwent
HLA matched sibling transplant, unrelated donor or transplant whose graft source was
UCB. The authors demonstrated that there was an association of donor-specific HLA
antibodies (DSA) with primary graft failure [25]. DSA raises the risk of graft failure as
a consequence of genetic disparity between recipient and donor and also may result
in higher transfusions needs. However, this difference in transfusion support for both
RBC and PLT was not observed in our study when comparing related, unrelated and
haploidentical transplant groups in any period analyzed.

GVHD is a serious complication of HSCT, and a cause of late transplant-related
mortality [1]. Patients with acute GVHD and intermediary or high risk of disease
presented a delay in RBC transfusion independence [26]. Our data did not support a
difference between RBC and PLT transfusion independence and type of GVHD
prophylaxis regimen adopted, neither with serious (grade Ill/IV) acute GVHD.

In conclusion, several clinical factors impact on RBC and PLT transfusion
independence in patients undergoing allogeneic HSCT. Identification of those factors
aid in the anticipation of a more intense transfusion support for some patients. Also,
heath costs associated with transfusion support may be better estimated in such a
scenario, and this may also help institution financial planning. Finally, transfusion
demand estimation might optimize the use of blood components and maintain an
adequate blood components inventory to meet the transfusion demands of post-HSCT
patients.
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Table 1. Data of patients and transplant characteristic

Characteristics

Patients N=86 (%)

Age, median (range)
Gender, male
Transplant

Pediatric

Adult

Primary diagnosis
Non-malignant diseases
Malignant diseases
Immunodeficiency
Lymphomas

Aplastic anemia

SMD

ALL

CLL

AML

CML

Splenomegaly
Mortality
Thrombotic microangiopathy
Chimerism 100%
Remission

Yes

14 (0-58)
51 (59.3)

68 (79.0)
Patients N=58
32 (55.2)

Transplant characteristics

Patients N=86 (%)

Year of HSCT

2017 2 (2.3)
2018 29 (33.7)
2019 23 (26.7)
2020 23 (26.7)
2021 9(10.5)
Donor

Related 22 (25.6)
Unrelated 38 (44.2)

Haploidentical

26 (30.2)
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Stem cell source

Peripheral blood 26 (30.2)
Cord blood 2 (2.3)
Bone marrow 57 (66.3)
Peripheral blood + Bone marrow) 1(1.2)
ABO blood group compatibility

ABO compatible 45 (52.3)
Minor mismatch 14 (16.3)
Major mismatch 23 (26.7)
Bidirectional 4 (4.7)
Full HLA match 50 (58.1)
Conditioning Regimen Intensity

MA 49 (57.0)
NMA/RIC 37 (43.0
Infused CD34+ x 10°/Kg

Mean (SD) 5.0 (2.5)
Low < 2.0 x 10°/Kg 7 (8.1)
Intermediate > 2.0 - <6 x 10%/Kg 50 (58.2)
High = 6.0 x 10°/Kg 29 (33.7)
CNT x 10%/kg, mean (SD) 7.1 (4.6)
Acute GVHD 40 (46.5)
Grade GVHD

=1l 25 (62.5)
0 8 (20.0)
v 7 (17.5)
Platelet engraftment

Median (range) 19.0 (8 - 63)
Mean (SD) 21.5(9.1)
Neutrophil engraftment

Median (range) 17.5 (11 - 27)
Mean (SD) 18.0 (3.8)
GVHD prophylaxis

CSA 7(8.1)
(TAC or CSA) + MTX 30 (34.9)
(TAC or CSA) + MMF 11 (12.8)
TAC or CSA + MTX + ATG 13 (15.1)

84
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PTCy and others 17(19.8)
Others 8 (9.3)

SMD, myelodysplastic syndromes; ALL, acute lymphocytic leukemia; CLL, chronic
lymphocytic leukemia; AML, acute myeloid leukemia; CML, chronic myeloid leukemia; HSCT,
hematopoietic stem cell transplantation; HLA, Human leukocyte antigen; MA, myeloablative;
NMA/RIC, non-myeloablative/ reduced intensity; SD, standard deviation; GVHD, graft-versus-
host disease; CSA, ciclosporin; TAC, tacrolimus; MTX, methotrexate; MMF, mycophenolate

mofetil; ATG, anti-thymocyte globulin; PTCy, post-transplant cyclophosphamide.



o
° o
° o
o oo
o o
° [
° o
%o
o
)
° o
o
8 o
oo
0080 8
° o
o 8 8 o
o 8
o % °
o o
° ° o o
o
o

Platelet engraftment days
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Table 2. Support transfusion of red blood cell and platelet according to pre- and post-
transplant period and transfusion independence days.

Days of transplant
-10 - -1 0-30 31-60 61-100
N (%)
(n=86) (n=86) (n=80) (n=77)

Any RBC

Yes 24 (27.9) 20(23.3) 25(31.3) 16(20.8)
Any PLT

Yes 27 (31.4) 82(95.4) 34 (42.5) 25(32.5)
RBC or PLT

Yes 32 (37.2) 84(97.7) 37(46.3) 28 (36.4)
RBC units

Median (range) 0(0-7) 2.0(0-18) 0(0-8) 0 (0-13)
Mean (SD) 06(1.3) 32(33) 1.0(1.9 1.0(24)
PLT units

Median (range) 0(0-14) 8(0-38) 0(0-29) 0(0-38)
Mean (SD) 1.7 (3.2) 10.5(8.8) 3.3(6.1) 3.0(7.4)
RBC independence

Mean (SD) - 252 (5.6) 27.9(5.2) 36.9(7.6)
PLT independence

Mean (SD) - 19.9 (7.6) 26.3 (7.3) 35.1(9.8)

RBC, red blood cells; PLT, platelets; SD, standard deviation.



Table 3. Platelet and red blood cell transfusion independence associated with the clinical factors of the patient and the
characteristics of the transplant.

Platelet transfusion independence RBCs transfusion independence
median (ranae) median (ranae)
Interval. davs after transolant Interval. davs after transolant
Davs Davs Davs Davs Davs Davs
0-30 31-60 61-100 0-30 31-60 61-100
(n=86) p value (n=80) p value (n=77) p value (n=86) p value (n=80) p value (n=77) p value

ABO blood group compatibility
ABO compatible 24.0 (2-30) 30.0 (5-30) 40.0 (3-40) 28.0 (15-30) 30.0 (7-30) 40.0 (5-40)
Maior 22.0 (0-30) 0.439 30.0 (1-30) 0.217 39.0 (9-40) 0.238 26.0 (8-30) 0.064 29.0 (4-30) 0.127 39.0 (17-40) 0.076
Minor 22.5(11-29) 26.5 (18-30) 40.0 (5-40) 27.0 (16-30) 29.5 (25-30) 40.0 (7-40)
Bidirectional 23.0 (2-26) 30.0 (29-30) - 27.0 (3-28) - 40.0 (39-40)
HLA
No 22.0 (3-30) 29.0 (4-30) 40.0 (5-40) 26.5 (8-30) 30.0 (6-30) 40.0 (7-40)

0.837 0.054 0.621 0.376 0.089 0.282
Yes 23.0 (0-30) 30.0 (1-30) 40.0 (3-40) 27.0(3-30) 30.0 (4-30) 40.0 (5-40)
Gender
Female 22.0 (0-30) 30.0 (4-30) 40.0 (5-40) 26.0 (3-30) 30.0 (4-30) 40.0 (7-40)

0.609 0.595 0.466 0.044 0.318 0.107
Male 23.0 (2-29) 30.0 (1-30) 40.0 (3-40) 28.0 (8-30) 30.0 (7-30) 40.0 (5-40)
GVHD Prophylaxis
CSA 24.0 (5-28) 30.0 (25-30) 40.0 (35-40) 28.0 (8-30) 30.0 (28-30) 40.0 (38-40)
Tacrolimus or CSA+MTX 24.5 (2-30) 30.0 (1-30) 40.0 (6-40) 27.0 (3-30) 30.0 (4-30) 40.0 (6-40)
Tacrolimus or CSA+MMF 23.0 (8-30) 0.303 30.0 (4-30) 0.325 39.0 (3-40) 0.419 28.0 (16-30) 0.871 30.0 (6-30) 0.058 39.5 (5-40) 0.352
PTCv and others 22.0(7-28) 29.0 (5-30) 40.0 (5-40) 26.0 (19-30) 28.0 (7-30) 40.0 (7-40)
Others 12.5 (0-25) 29.5 (26-30) 40.0 (38-40) 25.5 (8-30) 29.0 (29-30) 40.0 (39-40)
Tacrolimus ou CSA +MTX +ATG 22.0 (11-26) 30.0 (18-30) 40.0 (25-40) 26.0 (24-30) 30.0 (27-30 40.0 (38-40)
Mortality
N 24.0 (3-30) 30.0 (12-30) 40 (10-40) 29 (19-30) 30 (22-30) 40 (30-40)

° 0.045 0.063 0.001 0.075 0.012 0.001

Yes 22.0 (0-30) 30.0 (1-30) 37 (3-40) 26 (3-30) 29 (4-30) 38 (5-40)
Chimerism
No 15.5 (0-30) 0.082 29.5 (4-30) 0218 40 (3-40) 0.944 22 (3-30) 0.022 30 (6-30) 0481 40 (5-40) 0495
Yes 23.5(3-30) 30.0 (1-30) 40 (5-40) 27 (16-30) 30 (4-30) 40 (6-40)
Remission n=58 n=54 n=50 n=58 n=54 n=50
No 22.5 (2-30) 30.0 (1-30) 38.0 (3-40) 28.0 (8-30) 30.0 (22-30) 40.0 (5-40)
Yes 22.5(2-29) 0.748 30.0 (4-30) 0.425 40.0 (6-40) 0.008 27.0 (3-30) 0.887 30.0 (4-30) 0.345 40.0 (6-40) 0.118

HLA, Human leukocyte antigen; GVHD, graft host di: CSA, ciclosporin; TAC, limus; MTX, methotrexate; MMF, mycophenolate mofetil; ATG, anti-thy yte globulin; PTCy, post l yclophosphamid
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8 CONSIDERAGOES FINAIS

A refratariedade plaquetaria (RP) associada a aloimunizagado HLA € um desafio
tanto para as equipes clinicas como para os servigos de hemoterapia. A avaliagédo da
eficacia transfusional, medida através do calculo corrigido do incremento plaquetario
(CCl), tem relevancia clinica por estar associada aos intervalos das transfusdes, mas,
na maioria das vezes, ndo € capaz de prever o aumento da contagem plaquetaria,

nem o risco de sangramento.

Neste contexto, pacientes aloimunizados submetidos ao TCTH alogénico
representam um desafio ainda maior, devido a complexidade dos fatores imunes e
nao imunes associados, além das complicagdes relacionadas ao proprio
procedimento. Especialmente nestes casos, uma contagem plaquetaria baixa pode
levar a sangramentos fatais, aumento da mortalidade ou falha de enxertia.

Neste estudo, foi possivel avaliar a associagao entre intensidade média de
fluorescéncia (MFI) de anticorpos anti-HLA e a RP pré e pos transplante, além da
associacao entre o MFI e a persisténcia e desenvolvimento de novos anticorpos anti-
HLA 30 dias ap0s a infusdo de células progenitoras hematopoiéticas. O conhecimento
antecipado de fatores imunolégicos que possam predizer um maior risco de RP, pode
auxiliar na organizacgéo e disponibilidade de produtos plaquetarios adequados para o
suporte transfusional no periodo de trombocitopenia prolongada apds o transplante e,
dessa forma, contribuir para desfechos clinicos melhores associados a este
procedimento que, por si sO, ja apresenta uma alta mortalidade.
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9 PERSPECTIVAS FUTURAS

A aloimunizagao devido a transfusao plaquetas pode comprometer o sucesso
de terapias curativas, como o TCTH. A alta variabilidade do HLA continua sendo um
grande obstaculo para a aplicagdo de produtos alogénicos em terapias celulares.
Pesquisadores estao desenvolvendo estratégias para diminuir a imunogenicidade das
células e tecidos e para melhorar a sua sobrevivéncia apos o transplante alogénico,
na auséncia de imunossupressao. No futuro, o uso de plaquetas silenciadas da sua
expressao HLA podera ser uma alternativa potencial de transfusdo universal eficaz

para pacientes com RP mediada por anticorpos HLA Classe I.

Enquanto estas tecnologias ndo estao disponiveis para todos os pacientes, a
identificacdo dos anticorpos especificos e clinicamente significativos contra os
antigenos HLA pode auxiliar na realizagdo de uma medicina transfusional
personalizada, possibilitando melhores respostas tanto nas transfusées, como nos
transplantes. Dessa forma, podemos atuar nos fatores modificadores ja conhecidos e
nos preditores de alto risco para RP que, se identificados precocemente, poderao
direcionar o suporte transfusional e melhorar o prognéstico destes pacientes.
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10 ANEXOS

10.1 Termo de Consentimento Livre e Esclarecido para Adultos

CAAE 85047318.5.0000.5327

Titulo do Projeto: Estudo de refratariedade plaquetaria em pacientes

submetidos ao transplante de células-tronco hematopoéticas alogénico

Vocé esta sendo convidado a participar desta pesquisa porque vocé tem
indicacdo de realizar transfusdes de plaquetas e apresentou incompatibilidade na
prova cruzada de plaquetas. Esta incompatibilidade pode ser causada pela presenca
de anticorpos (substancias produzidas pelo proprio corpo) contra as plaquetas. O
exame que identifica anticorpos contra o sistema HLA ja é realizado na rotina
assistencial. O objetivo desta pesquisa é realizar um teste laboratorial adicional para
identificar a presencga de anticorpos especificos contra as plaquetas (anti-HPA), que
podem prejudicar a resposta a transfusao. Esta pesquisa esta sendo realizada pelo
Servigo de Hemoterapia do Hospital de Clinicas de Porto Alegre (HCPA).

Se vocé aceitar participar da pesquisa, os procedimentos envolvidos em sua
participagdo sdo os seguintes: coleta de sangue (8mL), através do acesso central, e
a revisao do seu prontuario meédico (dados clinicos e exames). Os possiveis riscos ou
desconfortos decorrentes da participagdo na pesquisa sao inerentes a coleta de
sangue, caso seja feita no acesso periférico, podendo haver dor no local da pungéo e
manchas roxas. O(a) Sr(a) podera ser incluido em um banco de dados contendo os
registros dos receptores de plaquetas envolvidos no estudo que sera utilizado para
analises estatisticas.

Esta pesquisa podera nao trazer beneficios direto ao receptor de plaquetas
participante do estudo neste momento, mas podera beneficiar outros potenciais
receptores de plaquetas futuramente. Sua participacdo na pesquisa € totalmente
voluntaria, ou seja, ndo é obrigatoria. Caso vocé decida ndo participar, ou ainda,
desistir de participar e retirar seu consentimento, ndo havera nenhum prejuizo ao

atendimento que vocé recebe ou possa vir a receber na instituicao.
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Nado esta previsto nenhum tipo de pagamento pela sua participagdo na
pesquisa e vocé ndo tera nenhum custo com respeito aos procedimentos envolvidos.
Caso ocorra alguma intercorréncia ou dano, resultante de sua participagdo na
pesquisa, vocé recebera todo o atendimento necessario, sem nenhum custo pessoal.
Os dados coletados durante a pesquisa serdo sempre tratados confidencialmente. Os
resultados serdo apresentados de forma conjunta, sem a identificacdo dos
participantes, ou seja, o seu home nao aparecera na publicagdo dos resultados.

Caso vocé tenha duvidas, podera entrar em contato com o pesquisador
responsavel Prof. Dr Gustavo Adolpho Moreira Faulhaber, pelo telefone 33598152,
com a pesquisadora Dra Juliana Pires Marafon Franz, pelo telefone 33597652 ou com
o Comité de Etica em Pesquisa do Hospital de Clinicas de Porto Alegre (HCPA), pelo
telefone (51) 33597640, ou no 2° andar do HCPA, sala 2227, de segunda a sexta, das
8h as 17h.

Esse Termo é assinado em duas vias, sendo uma para o participante e outra

para os pesquisadores.

Nome do participante da pesquisa

Assinatura

Nome do pesquisador que aplicou o Termo

Assinatura

Local e Data:
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10.2 Termo de Consentimento Livre e Esclarecido para Responsaveis

CAAE 85047318.5.0000.5327

Titulo do Projeto: Estudo de refratariedade plaquetaria em pacientes
submetidos ao transplante de células-tronco hematopoéticas alogénico

A pessoa pela qual vocé é responsavel esta sendo convidado a participar desta
pesquisa porque ela tem indicacéo de realizar transfusdes de plaquetas e apresentou
incompatibilidade na prova cruzada de plaquetas. Esta incompatibilidade pode ser
causada pela presenga de anticorpos (substancias produzidas pelo proprio corpo)
contra as plaquetas. O exame que identifica anticorpos contra o sistema HLA ja é
realizado na rotina assistencial. O objetivo desta pesquisa é realizar um teste
laboratorial adicional para identificar a presenga de anticorpos especificos contra as
plaquetas (anti-HPA), que podem prejudicar a resposta a transfusdo. Esta pesquisa
esta sendo realizada pelo Servico de Hemoterapia do Hospital de Clinicas de Porto
Alegre (HCPA).

Se vocé aceitar participar da pesquisa, os procedimentos envolvidos na
participagdo desta pessoa sdo os seguintes: coleta de sangue (8mL), através do
acesso central, e a revisdo do prontuario médico (dados clinicos e exames). Os
possiveis riscos ou desconfortos decorrentes da participacdo na pesquisa sao
inerentes a coleta de sangue, caso seja feita no acesso periférico, podendo haver dor
no local da pungdo e manchas roxas. Esta pessoa podera ser incluida em um banco
de dados contendo os registros dos receptores de plaquetas envolvidos no estudo
que sera utilizado para analises estatisticas.

Esta pesquisa podera nao trazer beneficios direto ao receptor de plaquetas
participante do estudo neste momento, mas podera beneficiar outros potenciais
receptores de plaquetas futuramente. Sua participacdo na pesquisa € totalmente
voluntaria, ou seja, ndo é obrigatoria. Caso vocé decida ndo participar, ou ainda,
desistir de participar e retirar seu consentimento, ndo havera nenhum prejuizo ao

atendimento que vocé recebe ou possa vir a receber na instituicao.
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Nao esta previsto nenhum tipo de pagamento pela sua participagdo na
pesquisa e vocé ndo tera nenhum custo com respeito aos procedimentos envolvidos.
Caso ocorra alguma intercorréncia ou dano, resultante de sua participagdo na
pesquisa, vocé recebera todo o atendimento necessario, sem nenhum custo pessoal.
Os dados coletados durante a pesquisa serdo sempre tratados confidencialmente. Os
resultados serdo apresentados de forma conjunta, sem a identificacdo dos
participantes, ou seja, o seu home nao aparecera na publicagdo dos resultados.

Caso vocé tenha duvidas, podera entrar em contato com o pesquisador
responsavel Prof. Dr Gustavo Adolpho Moreira Faulhaber, pelo telefone 33598152,
com a pesquisadora Dra Juliana Pires Marafon Franz, pelo telefone 33597652 ou com
o Comité de Etica em Pesquisa do Hospital de Clinicas de Porto Alegre (HCPA), pelo
telefone (51) 33597640, ou no 2° andar do HCPA, sala 2227, de segunda a sexta, das
8h as 17h.

Esse Termo é assinado em duas vias, sendo uma para o participante e seu

responsavel e outra para os pesquisadores.

Nome do participante da pesquisa

Assinatura (se aplicavel)

Nome do responsavel

Assinatura

Nome do pesquisador que aplicou o Termo

Assinatura

Local e Data:
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