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RESUMO

Introducéo: A Doenca de Gaucher (DG) é uma das doencas lisossdmicas mais
prevalentes no mundo, com média de incidéncia de 1/40.000 nascidos vivos.
Variantes patogénicas no gene GBAl causam atividade deficiente da
glicocerebrosidase, o que resulta em acumulo de glicocerebrosideos em
macrofagos, que se tornam ativados, liberando diversas citocinas
sistematicamente, culminando com o0s achados fenotipicos da DG
(hepatoesplenomegalia, citopenias, dor e crises 0sseas agudas). A doenca pode
ser classificada em 3 subtipos clinicos de acordo com o acometimento
neurologico e a progressdo da doenga, que variam de morte intra-Utero até
pacientes oligossintomaticos. A DG é tratada com terapia de reposi¢do enzimatica
(TRE) ou com terapia de reducao do substrato. Existem 3 enzimas disponiveis no
mercado para TRE, a imiglucerase, produzida em células de ovario de hamster
chinés (a mais longo tempo no mercado), a alfavelaglicerase, produzida em
células humanas, e a alfataliglicerase, produzida a partir de células vegetais. A
partir de 2014, a alfataliglicerase foi reconhecida como a enzima de primeira linha
de tratamento para pacientes com DG tipos 1 e 3 no Brasil. Sua efetividade e
seguranca foram avaliadas apenas em ensaios clinicos fora do Brasil, ou em
estudo brasileiro de apenas 3,5 anos de seguimento, limitado em relagéo a dados
de efetividade e principalmente de seguranca. O acometimento 6sseo da DG
ocorre devido a infiltracdo das células de Gaucher (macrofagos ativados) na
medula éssea dos pacientes. Tal infiltracdo gera uma diferenca na pressao
intramedular e na vascularizagao local que culmina com a substituicdo da medula
O0ssea por células de Gaucher, com o aumento da probabilidade de eventos
isquémicos 6sseos, remodelamento ésseo e complicacdes crénicas de morfologia
O0ssea e de lesdo articular. Esta infitracdo pode ser avaliada
semiquantitativamente através de escore calculado por ressonéancia magnética de
coluna lombar e fémures, o escore Bone Marrow Burden. Objetivos: Caracterizar
a coorte de pacientes com Doenca de Gaucher do Rio Grande do Sul em relagao
a infiltracdo da medula 6ssea e ao uso da alfataliglicerase. Métodos: O estudo foi
realizado em duas etapas. Etapa 1: vinte e cinco pacientes do Centro de

Referéncia em DG do Rio Grande do Sul realizaram ressonancias magnéticas a



cada 2 anos durante 6 anos de estudo para célculo do BMB. Etapa 2: dezoito
pacientes em uso de alfataliglicerase, do mesmo Centro, foram seguidos durante
6 anos, e dados de eficacia (parametros hematoldgicos, viscerais e 6sseos) e de
seguranca (registro de qualquer tipo de eventos adversos durante os 6 anos de
tratamento) foram avaliados. Resultados: Em relacdo a Etapa 1, os resultados
estdo descritos nos artigos 1 e 2: todos 0s pacientes apresentaram algum grau de
envolvimento 0sseo, e esta infiltracdo se reduz nos primeiros 5 anos de
tratamento com TRE, e, apds, mantém-se estavel, conforme avaliacdo por BMB.
Além disso, o genétipo do gene GBAl de duas irmds com DG tipo 1
E349K/S366N foi associado a envolvimento 0sseo grave e a doenca visceral e
hematolégica brandas. Em relacdo a Etapa 2, os resultados estdo descritos nos
artigos 3 e 4: todos os parametros de efichcia mantiveram-se estaveis ou
melhoraram durante os 6 anos do estudo. Nove (50%) pacientes apresentaram
efeitos adversos durante o tratamento com alfataliglicerase, sendo que, destes, 7
foram considerados relacionados a TRE. A TRE com alfataliglicerase mostrou-se
segura e eficaz também durante a gestacdo e lactagdo em nossa coorte.
Discusséo e conclusdes: A enzima alfataliglicerase mostrou ser eficaz e segura
durante o periodo do estudo, sendo observado apenas aumento da taxa de
eventos adversos quando comparado a estudos prévios, mostrando ser uma boa
opcdo como primeira linha de tratamento para pacientes com DG, inclusive
durante os periodos de gestacdo e amamentacdo. Em relacdo ao acometimento
0sseo, a infiltracdo medular se comportou como reportado em Unico estudo
prévio, sendo que a taxa de reducdo do escore por ano durante os primeiros 5
anos de tratamento, em nossa amostra, foi maior do que em estudo prévio.
Recomenda-se, portanto, a realizacdo assistencial do escore BMB apds 5 anos
de TRE apenas para pacientes ndo aderentes ou para pacientes com sintomas

0sseos agudos.
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ABSTRACT

Introduction: Gaucher disease (GD) is one of the most common lysosomal
disorders, with an overall frequency of 1 in 40,000 live births worldwide; it is
caused by deficient activity of lysosomal glucocerebrosidase, the enzyme encoded
by the GBAL gene, which leads to a build-up of glucocerebroside in macrophages.
This, in turn, causes macrophage malfunction and shifts their immunological
activation profile, ultimately leading to symptoms such as hepatosplenomegaly,
thrombocytopenia, osteonecrosis, and, in some patients, neurological deficits. GD
is categorized into three types according to the extent of neurological involvement,
and may vary from perinatal death to asymptomatic patients. GD can be treated
either with enzyme replacement therapy or with substrate reduction therapy. There
are three recombinant enzymes available for clinical use: imiglucerase, which is
produced from Chinese hamster ovaries cells (the one with the longest time in the
market); velaglucerase alfa, derived from human cells; and taliglucerase alfa,
which is produced from carrot cells. Since 2014, taliglucerase alfa became the first
option of treatment for GD types 1 and 3 in Brazil. Its safety and efficacy have
been evaluated previously by only foreign clinical trials, and from only one study in
a Brazilian population, in which patients were follow-up for 3.5 years and limited
data regarding safety and efficacy were available. Bone involvement on GD occurs
because of Gaucher cells infiltration in the bone marrow. This, in turn, creates a
change in the intramedullary tension and vascularization, culminating in
substitution from bone marrow to Gaucher cells and increasing the probability of
ischemic events, bone remodeling and chronic complications involving bone
morphology and articular lesions. This infiltration may be measured
semiquantitatively through femur and lumbar spine MRI, which is the Bone Marrow
Burden score (BMB). Objectives: To characterize the Rio Grande do Sul cohort of
GD patients regarding bone marrow infiltration and treatment with taliglucerase
alfa. Methods: This study was performed in two phases. Phase 1: twenty five
patients from the Reference Center of Rio Grande do Sul for GD were enrolled to
perform MRIs every other year during 6 years, for BMB score. Phase 2: eighteen
patients in ERT with taliglucerase alfa from the same Center were followed-up for

6 years, and data regarding efficacy (hematological, visceral and bone
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parameters) and safety (registry of any kind of adverse events during follow-up)
were analyzed. Results: regarding Phase 1, the results are described in articles 1
and 2: all the evaluated patients presented some degree of bone marrow
involvement with the infiltration decreasing only during the first five years of
treatment. After this period, the score remained stable. Also, the E349K/S366N
GBA1 genotype of two sisters with GD type 1 was associated with severe bone
involvement and mild visceral and hematological involvement. Regarding Phase 2,
results are described in articles 3 and 4: all the parameters of interest remained
stable or improved during the study period. Nine (50%) patients presented adverse
effects during ERT with taliglucerase alfa; out of these, 7 were considered related
to ERT. ERT with taliglicerase alfa also seems to be safe and effective during
pregnancy and lactation periods. Discussion and conclusions: Taliglucerase
alfa has demonstrated to be effective and safe during the study period, even
though we did see a higher rate of adverse events in our cohort when compared to
the previous studies. Based in our findings, ERT with taliglucerase alfa is an
effective and safe approach for treatment of patients with GD, even during
pregnancy and lactation periods. Regarding bone involvement, medullary
infiltration has evolved as reported in a single previous study; although, in our
study, the rate of the BMB decrease per year during the first 5 years of ERT was
higher than in the previous study. We believe that MRI for BMB measurement
should only be performed after 5 years of treatment in non-adherent or in patients

who present with acute skeletal symptoms.
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Capitulo | — Introducéo

1.1. Doenca de Gaucher — Base Historica

A Doenca de Gaucher (DG) foi a primeira doenca lisossdmica descrita na
literatura em 1882 por Phillipe Gaucher. Gaucher, em sua tese, descreveu-a como
sendo uma doencga que afetava o baco com epitelioma e hipertrofia do érgdo, sem
estar associado a processos linfoides malignos®. Em 1912, ap6s 11 familias ja
terem sido descritas como “Bago de Gaucher”, estava claro de que se tratava de
uma doenca hereditaria, mas sua etiopatogenia estava longe de ser descrita. A
época, teorias como a de se tratar de um tumor benigno de baco que, apds anos,
evoluia para maligno, “hiperplasia pura do bago” ou de que se tratava de
envenenamento eram as dominantes®>. Mandlebaum e Libman, em 1909, pela
primeira vez descreveram histologicamente células grandes com nucleos
pequenos e citoplasma hialino, com presenca de pigmento de ferro no baco,
figado, linfonodos e na medula éssea; Risel, em 1909, determinou que tais células
teriam origem no sistema hematopoiético’>. Em 1924, Lieb propds que na DG
existiria depdsito de algum tipo de carboidrato, mas apenas em 1958 que
Rosemberg e Chargaff descreveram que havia depdsito de glicocerebrosideo no
baco de pacientes com DG,

A ideia de que existiiam diferentes formas fenotipicas da doenca foi
publicada em 1945 por Franco, na descricdo de uma crian¢ca com DG e com uma
sindrome neurolégica aguda e maligna®. A partir de 1948 foi identificado que os
pacientes com DG também poderiam ter afetado o sistema esquelético, nao
apenas a medula 6ssea, sendo publicados relatos de casos de pacientes com
esclerose e necrose asséptica associadas®™>.

Em relacdo ao padrdo de heranca desta doenca, Gerken, em 1964, sugeriu
que o melhor padrdo de heranca para esta patologia seria o autossGmico
recessivo’®. No ano seguinte, 1965, Brady publicou sobre a “enzima clivadora de
glicocerebrosideo” (& época assim denominada), conferindo a ela a fungédo de
clivar a glicose do glicocerebrosideo™. Em sua préxima publicacdo, Brady
comprovou que pacientes com DG apresentavam atividade deficiente desta

enzima'®. Em 1968, Ockerman identificou que a enzima com atividade reduzida
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nos pacientes com DG tratava-se da enzima glicocerebrosidase’®. Em 1970,
Beutler et al publicaram a técnica laboratorial capaz de quantificar a atividade
enzimatica da glicocerebrosidase, sendo possivel diagnosticar pacientes e
heterozigotos para esta condi¢do realizando a analise em leucdcitos de sangue
periférico'® e, posteriormente, em fibroblastos™.

Até a década de 1990, o tratamento proposto para a DG era a
esplenectomia total. Snapper, em 1943, associou pela primeira vez piora das
lesbes 6sseas com a esplenectomia’®. Foram também realizados alguns
transplantes esplénicos, sem sucesso, na tentativa de cura da doenca em
pacientes em estado terminal da DG'"'®, Em 1974, Brady et al publicaram a
primeira evidéncia de que terapia de reposicdo enzimatica para a DG poderia
mudar a histéria natural desta doenca: realizaram um ensaio clinico em que
administraram a enzima glicocerebrosidase purificada, extraida de placenta
humana, em dois pacientes por dois dias seguidos, identificando que o acumulo
de glicocerebrosideos reduziu em ambos os pacientes’®. Este estudo possibilitou
modificar totalmente a histéria natural ndo apenas da DG, mas também a de
outras doencgas lisossomais como a doenca de Fabry, as Mucopolissacaridoses e
a doenca de Pompe®.

1.2 Epidemiologia

Aproximadamente 1 em 5.000 nascidos vivos apresentam alguma doenca
lisossdmica, sendo a DG e a doenca de Fabry (ambas esfingolipidoses) as mais
frequentes®. A DG é considerada uma doenca pan-étnica e sua incidéncia varia
de 1/40.000 (estudo realizado na Australia, numa populacdo predominantemente
branca®?) a 1/50.000 nascidos vivos no mundo, podendo alcancar incidéncias de
até 1/800 nascidos vivos com DG tipo | em populagbes de Judeus Ashkenazi.
Nesta populacdo especifica, a taxa de heterozigotos chega a 1 em 15
individuos?®. Em relacdo a nimeros brasileiros, ndo existe um estudo especifico
de incidéncia em nossa populacdo. Em 2007, Sobreira et al publicaram dados
comparativos do Registro de DG do Grupo Colaborativo Internacional (maior
estudo observacional em DG no mundo), em que relatam pelo menos 223

24
|

pacientes com DG no Brasil“>. Em 2014, no Protocolo Clinico e Diretrizes
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Terapéuticas do Ministério da Saude do Brasil, a estimativa era de 700 pacientes
com DG em tratamento no Brasil®.
1.3 Fisiopatogenia

A DG é causada por variantes patogénicas no gene GBA1, que codifica a
proteina glicocerebrosidase, também conhecida por beta-glicosidase &cida. Esta
enzima participa na rota de degradacédo dos esfingolipidios, e é responsavel por
clivar a glicosilceramida em glicose e ceramida [Figura 1]. Esfingolipidios séo
compostos encontrados em todas as membranas celulares, e tem como seu
principal papel intermediar diversas funcdes celulares, além de funcionarem como
receptores celulares e marcadores de reconhecimento celular. Em seu ciclo, eles
sdo transportados aos lisossomos para entédo serem degradados e reciclados?®:. A
DG é classificada como um erro inato do metabolismo justamente pela sua
fisiopatogenia: a auséncia ou redugdo da atividade da enzima culmina em
acumulo do seu substrato e na reducdo do seu produto. No caso da DG, o
acumulo de glicosilceramida ocorre principalmente dentro dos lisossomos
macrofagicos de tecidos do sistema reticuloendotelial, portanto baco, figado e
medula 6ssea®®. Estes macréfagos anormais, que ficam aumentados de tamanho
e com aparéncia de papel amassado [Figura 2] pelo depdésito de glicosilceramida
sdo denominados Células de Gaucher. Estas células sdo encontradas nos
sinusodides do baco, substituem as células de Kupfer no figado e nos alvéolos

pulmonares e ainda infiltram a medula 6ssea®.
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Figura 1. Rota de degradac&o dos Esfingolipidios. Adaptado de Voet et al, 2002%".
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Figura 2. Célula de Gaucher na coloracdo Leishman de aspirado de Medula
Ossea. Adaptado de Allen et al, 19977,

Apesar de o defeito genético e da rota metabdlica estarem plenamente
descritos na literatura, a compreensao de como o depdsito de glicosilceramida
estd envolvido na patogénese da doenca ainda ndo esta completamente
estabelecida. Antigamente, acreditava-se que o figado, o baco e a medula Gssea
tornavam-se aumentados de volumes em decorréncia diretamente do acumulo de
glicosilceramida?®. Sabe-se, no entanto, que apenas 2% do volume destes 6rgéos
é devido ao actimulo do substrato® e, portanto, ndo se pode justificar o aumento
do volume do o6rgdo, bem como suas consequéncias fisiopatologicas
simplesmente pelo acumulo de glicosilceramida. A fisiopatogenia mais aceita
atualmente é a de que o acumulo de glicosilceramida dentro destes macrofagos
age como um disruptor de diversas funcdes celulares, causando estresse no
reticulo endoplasmatico®®, defeito na homeostase do célcio (que seria um
importante causador de dano neuronal, visto nos DG tipo | e 11)*!, aumento da
sensibilidade a estresse oxidativo® e mudancas no préprio sistema fagocitario>.
O acumulo de glicosilceramida intramacrofagico é considerado um potente
estimulador de resposta inflamatéria, ativando estas células e provocando a
liberagdo de fatores pré-inflamatdrios cronicamente. E bem documentado que na
DG existe aumento de quitotriosidase, CCL18, enzima conversora de
angiotensina e catepsina S — indicadores de ativacao macrofagica®. De fato, na
DG, diversas citocinas estao elevadas, entre elas IL-1, IL-6, IL-10, TNF-alfa e M-
CSF, que agirdo local e sistemicamente causando dano celular mediado pelas

mesmas>*. O dano inflamatério local e sistémico causaria aumento de volume e
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mau funcionamento do baco e figado principalmente, culminando em hepatopatia
cronica e progressiva e hiperesplenismo com trombocitopenia grave®®. Anemia
grave é menos frequente, e ocorre como consequéncia da infiltracdo de células
de Gaucher na medula 6ssea, provocando faléncia medular e substituicdo do
sistema hematopoiético pelas préprias células de Gaucher. Outros érgaos podem
também ser acometidos pelo mesmo mecanismo fisiopatolégico, como o pulméao
e 0 coracdo, mas em uma escala infinitamente menor e menos frequente,
geralmente presentes em criancas com doenca grave??,

Em relagdo ao acometimento neuroldgico, a fisiopatogenia é bastante
distinta da relatada anteriormente, visto que ela reside em morte neuronal. A
teoria € de que a pequena quantidade de glicosilceramida acumulada em
neurbnios desencadearia um desvio de rota metabodlica para a reacdo de
desacetilacdo, culminando com a formacdo de glicosilesfingosina, metabdlito
soluvel em agua, facilmente transportado por difusdo simples e toxico para o

sistema nervoso central, causando morte neuronal e posteriormente, gliose?>.

1.3.1 Fisiopatogenia da Doenca Ossea

A DG afeta tanto o compartimento da medula Ossea quanto o
compartimento mineralizado do osso. Em relagdo a medula 6ssea, ocorre
infiltracdo de células de Gaucher primariamente na coluna, pelve e na diafise de
0ssos longos. O acumulo destas células na medula 6ssea gera uma expansao
centrifuga da medula 6ssea vermelha. A substituicdo da medula 6ssea amarela
pela vermelha na periferia gera alteracdo tanto da vascularizacdo quanto da
pressdo intramedular, contribuindo para formacdo de trombose e infartos pelas
células de Gaucher®. Isto explica parcialmente as osteonecroses, infartos
medulares, osteoescleroses, infartos corticais, destruicao articular e deformidades
que os pacientes com DG apresentam. Associado as consequéncias da propria
infiltrac@o celular reside o fato de que o estado proé-inflamatério dos macrofagos
levam a um perfil alterado de ativagdo e inativacdo de osteoblastos e de
osteoclastos, levando a um cronico remodelamento do mineralizado 06sseo,
originando constantes mudancas e perdas de material 6sseo, culminando com

osteopenia e osteoporose, além de alteracdes morfologicas esqueléticas como o
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déficit de crescimento observado em jovens com DG e a deformidade 6ssea em
frasco de Erlenmeyer?*®. A osteopenia ou osteoporose, em conjunto com as
lesGes liticas encontradas nos 0ssos destes pacientes contribuem para a
fragilidade 6ssea e a propensdo em fraturas patologicas. O infarto e a necrose
0sseos causam clinicamente o que é conhecido por “crise 0ssea aguda” e pode
gerar osteomielite séptica ou asséptica, uma importante comorbidade dssea vista
nestes pacientes®®. Um resumo da fisiopatogenia na doenca 6ssea pode ser
observado na Figura 3, adaptada de Mikosch et al, 2010.

Actimulo de Células de Gaucher na Medula Ossea

Genes modificadores de fenotipo I

influenciam a gravidade da ' . E v
q . Expressio de Alteracdo na Aumento da
Oenca ossea . R -
Citocinas Vascularizagdo Pressdo Local
= S 1NN LY Ll
.-""F-‘- I|
Mudangas Primarias ///" \
1
Def. no Crescimento I'I
! I|
[}
1
Deformidade
Altura am frasca de Osteopenia Lesfes Afilamento
Reduzida Osteoporose Liticas Cortical
Erlenmeyer
174 Y1
Mudancas Secundarias
— Infartos e Destruicio da
Osteomielite Mecrases Osseas Superficie
Asséptica

/ Cortical
Ostearmialite Crises Osseas Agud as|

Piogénica

Mudangas Tercidrias

L ¢. Manifestaches
| Colapso Articular I | Ostecartrite | I Ds‘tenesclernse| Extradsseas

Figura 3. Resumo das vias fisiopatogénicas que culminam em alteracdes 0sseas.
Adaptado de Mikosch et al, 2010%.

1.3.2 Base Genética e o Gene GBA1

A DG é uma doenca de heranca autossdmica recessiva causada por
variantes patogénicas bialélicas no gene GBAL, localizado no cromossomo
1g21%. O gene tem 7,6kb e 11 exons®’. Até hoje, 495 variantes patogénicas ja

foram descritas neste gene®, e a maioria delas sao restritas as familias e incluem
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variantes de troca de sentido, sem sentido, pequenas inser¢cdes ou delecdes que
alteram ou ndo a matriz de leitura, alteracdes em sitios de processamento e alelos
complexos com duas ou mais variantes em cis. Um gene homdlogo (96% de
homologia) ao GBA1, de 5,7kb, € o pseudogene (GBAP), localizado 16kb
downstream, com exatamente a mesma organizacdo de exons. Pelo fato destes
dois genes dividirem 96% de sua homologia, é natural que haja recombinacéo
homologa entre eles. De fato, diversos alelos recombinantes ja foram descritos
como patogénicos, sendo resultado de eventos como conversdo, fusdo ou
duplicacdo®. Algumas variantes sdo muito mais prevalentes do que outras,
especialmente entre o tipo | da DG, em que se destacam a N370S e a L444P,
variantes que contribuem em até 90% dos alelos encontrados na populacdo de

Judeus Ashkenazi®.

1.4. Diagnéstico

O diagnostico da DG é baseado em 4 pilares: clinica, histopatologia,
bioquimica e genética. As manifestacdes clinicas serdo abordadas no proximo
item desta tese. A alteracdo histopatologica da DG sédo as Células de Gaucher,
que sdo consideradas praticamente patognomonicas desta doenca, quando
observadas por patologistas experientes. Elas sdo observadas em amostras de
baco, figado ou medula 6ssea e séo células reticuloendoteliais oligo ou
multinucleadas, com citoplasma estriado na coloracdo de Leishman ou em
aspecto de papel amassado na coloracdo com hematoxicilina e eosina?***2. A
alteracdo bioquimica esperada para pacientes com DG é a reducdo da atividade
da glicocerebrosidase, que pode ser aferida a partir de qualquer célula nucleada,
mas rotineiramente € realizada em leucdcitos (sangue periférico) ou em
fibroblastos (biopsia de pele). Até hoje, este € o padrdo-ouro para diagndéstico
desta doenca. A deteccdo de variantes patogénicas bialélicas no gene GBA1l
também pode confirmar o diagnéstico de DG. As variantes patogénicas podem
ser detectadas em sua vasta maioria através de técnicas de sequenciamento de
DNA, seja através de painéis de “Next Generation Sequencing”, seja através do
sequenciamento completo do gene®>. Em menos de 1% dos casos foi encontrada

uma variante de numero de cépias através de técnicas como “Multiplex Ligation-
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" Além de ser uma ferramenta de auxilio

dependent Probe Amplification
diagnostico, a determinacdo das variantes permite testar familiares em risco e

realizar aconselhamento genético mais preciso®.

1.5 Manifestacgdes Clinicas

A DG é uma doenga com ampla variedade clinica, sendo classicamente
dividida em 3 tipos em relacdo a progressdo e a presenca ou ndo de sintomas
neuroldgicos: o tipo 1, sendo o mais brando e frequente de todos e que nao
apresenta sintomas neuroldgicos primariamente; o tipo 2, também conhecido
como neuroldgico agudo; e o tipo 3, também conhecido como neuroldgico crénico.
Apesar de ainda ser classificada nestas categorias, hoje se acredita que as
subdivisbes sao, na verdade, um espectro de gravidade da mesma doenca,
estando no extremo mais brando da doenca o tipo | oligossintomatico, € no mais

grave, o tipo I, com hidropsia fetal e morte intra-Gtero*?, Figura 4.

: Tipo 2
Tipo 3
Tipo1 eI
ManifestacSes Neuroldgicas —
_-_-_‘_-_‘_|—|_
A 77
Assintomatico A A A A
Doenca Esquelética +
Doenca Visceral Hidropsia
. ) Fetal
Envolvimento Ictiose
Neuroldgico 2¢ Congénita
ManifestacGes Deg. Neuroldgica
Parkinsonianas Progressiva
Hidrocefalia ) )
Calcificacdes em | Epilepsia
Valvulas Cardiacas | Miocldnica

Alteracdo da
Movimentacdo Ocular

Figura 4. Espectro fenotipico da Doenca de Gaucher, classicamente dividido entre
a presenca e a auséncia de sintomas neuroldgicos. Existe uma “zona cinza”,

representada pelas linhas vermelhas, em que ndo esta claro se os sintomas
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neurologicos apresentados pelo paciente sdo em decorréncia a DG ou séo
secundarios. Adaptado de Sidransky 2004

O tipo 1 da DG é o melhor estudado e também compreende individuos com
ampla variacédo fenotipica: de individuos oligossintomaticos a outros gravemente
afetados com doenga visceral e Ossea importantes. Trinta por cento destes
individuos sdo diagnosticados antes dos 10 anos de vida, e ja esta estabelecido
que, quanto mais precoce forem os sintomas, mais grave a doenca se comporta®>.
Estes pacientes costumam apresentar, em 50% das vezes, anemia ou
trombocitopenia secundarios ao acometimento visceral, e, em até 90% dos casos,

manifestacdo 6ssea da doenca®**°.

Na era pré-tratamento, estes pacientes
apresentavam uma expectativa de vida que girava em torno dos 60 anos de
idade. Hoje, com o advento da TRE 0s pacientes apresentam expectativa de vida
semelhante & populacéo local*.

O tipo 2 da doenca € o mais grave de todos, com apresentacdo dos
sintomas nos primeiros dias a meses de vida, com progressao rapida e
deterioracdo neuroldgica grave, apresentando envolvimento bulbar e paresia
oculomotora. A maioria dos pacientes vao a 6bito no primeiro ou segundo anos de
vida®. Outras formas de acometimento na DG tipo 2 é (1) a hidropsia fetal, em
que geralmente ocorre morte intrauterina®®; (2) a ictiose congénita, em que o
recém-nascido perde sua pele nas primeiras semanas de vida, quando o quadro
dermatolégico melhora e os sintomas viscerais e neurolégicos pioram; (3) a
presenca de dismorfias com orelhas baixo implantadas e pequenas, narinas
antevertidas e ponte nasal plana®.

O tipo 3 da DG ¢ intermediario em relacdo aos outros dois, e é o subtipo
que mais apresenta variacdo fenotipica, podendo apresentar ampla doenca
visceral, com hepato e esplenomegalias, sacadas oculares lentas, ataxia,
epilepsia e deméncia, além de comprometimento esquelético importante. As
manifesta¢cbes clinicas podem comecar desde os primeiros meses de vida com
apenas alteracbes oculomotoras, mas sem sintomas bulbares associados. Este
tipo pode ser subdividido em 3: o subtipo 3a, € caracterizado por doenca visceral

leve, mas com envolvimento do sistema nervoso central grave, com epilepsia
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mioclénica que levam & morte nas primeiras duas décadas de vida; o 3b
apresenta doenca visceral grave com apenas leve envolvimento do sistema
nervoso central aos 10-20 anos de idade; e 0 3c € o subtipo relacionado ao
predominio de doenca cardiaca, além de também apresentar acometimento

6sseo, visceral e neurolégico®.

1.5.1 Manifestacdes Osseas

Entre 2004 pacientes acompanhados no maior estudo observacional de
registro da DG (ICGG), até os anos 2000, setenta e seis a 94% apresentavam
manifestacbes de doenca Ossea, entre elas infiltracdo da medula Ossea,
deformidade em frasco de Erlenmeyer ou osteonecrose. Geralmente a infiltracao
da medula 6ssea precede as manifestacbes clinicas de osteonecrose, dor,
fraturas, crises Osseas e possivel osteomielite, e ocorre primeiramente no
esqueleto axial e depois no apendicular. A osteonecrose (que também pode ser
referida como necrose avascular, necrose asseéptica ou infarto 6sseo) ocorre em
até 48% dos pacientes adultos com DG** e é consequéncia direta da infiltracéio de
células de Gaucher na medula 6ssea. Novas lesdes podem ocorrer em qualquer
época da vida, e podem ter alguma relacdo com gestacdo e puberdade. A
principal causa de dor e reducéo de qualidade de vida entre os pacientes com DG
€ a osteonecrose, e pode exigir tratamentos cirlrgicos com necessidade de
proteses ortopédicas®. Ela é suspeitada sempre que o paciente manifestar uma
crise Ossea, caracterizada por dor aguda e grave O6ssea ou articular,
acompanhada por febre, edema e resposta inflamatéria local ou sistémica. Os
sintomas geralmente sdo incapacitantes, necessitando imobilizacdo e analgésicos
opibdides. Ainda, a presenca de osteonecrose é fator de risco importante para
fragilidade e fratura 6ssea, além de, se localizada em regides de epifise,
contribuem para o colapso articular. E de extrema importancia ressaltar que o
principal fator de risco para desenvolver osteonecrose é a esplenectomia, uma
vez que apoOs a remocado cirdrgica do baco, ocorre um excesso de células de
Gaucher que infiltrardo a medula 6ssea, aumentando, assim, a ocorréncia de

osteonecroses?!.
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A apresentacao radiolégica dos ossos do paciente com DG mais comum,
que pode estar presente em até 80% dos casos, € a deformidade em frasco de
Erlenmeyer, Figura 5. Sua formac&o ocorre antes da puberdade, e sua aparéncia
€ 0 resultado do alargamento metafisario concomitante ao apagamento da
concavidade metafisaria. Esta deformidade € normalmente assintomética e pode
ser vista na maioria dos 0ssos longos tubulares, principalmente nos fémures. A
relevancia clinica desta deformidade ainda nédo é clara na literatura, ndo se tem
dados de correlacdo com fragilidade 6ssea ou osteonecrose. Os pacientes com
DG também podem apresentar lesdes dsseas liticas, que sdo incomuns, mas que
ao contrario da deformidade em frasco de Erlenmeyer, sdo um dos principais
fatores de risco para fragilidade e fratura 6ssea, sendo de extrema importancia
realizar diagndstico diferencial com as malignidades 0sseas, que também podem

ocorrer na DG em uma taxa maior do que na populacdo em geral®*.

Figura 5. Deformidade em frasco de Erlenmeyer. Note a forma triangular da
metafise e a perda da diferenciacdo coértico-medular, tipicas desta deformidade.
Adapatado de Hughes et al 2019%.

Todos os pacientes com DG podem desenvolver cifose, principalmente
toracica, ao longo dos anos, em consequéncia a fragilidade vertebral pela

reduzida mineralizacdo 0ssea nesta regido. H4, no entanto, outra manifestacao
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toracica que é distinta da cifose, a giba. Esta ultima ocorre exclusivamente nos
pacientes com DG tipo lll, e se manifesta por angulagdo importante da coluna na
transicdo téraco-lombar. A giba se desenvolve na infancia tardia ou na
adolescéncia, e pode interferir na estatura, e, mais importante, causar
deformidade toracica, causando distrbios ventilatorios restritivos cronicos?*.

Criancas com DG podem apresentar atraso de crescimento e de
puberdade, podendo apresentar baixa estatura na vida adulta pelo fechamento
precoce da placa de crescimento 6sseo, secundario ao constante remodelamento
0sse0 que estes pacientes apresentam. Quando estes pacientes sdo tratados
previamente ao fechamento da placa de crescimento O0sseo, a estatura final
alcanca o alvo familiar®.

Pacientes com DG apresentam mais, e mais precocemente, osteopenia e
osteoporose do que individuos sem DG. Isto ocorre pelo constante
remodelamento 6sseo com acdo excessiva dos osteoclastos, que culmina com

perda precoce de massa 6ssea ao longo da vida®.
1.5.2 Comorbidades Associadas

1.5.1.1 Doengas Onco-Hematolégicas

A DG é associada a risco aumentado para alguns tipos de cancer, com um
risco relativo de 1,7 comparado a populacdo em geral. Este risco se elevada
quando sdo levadas em conta apenas malignidades hematoldgicas, chegando a
um risco relativo de até 12,7. Ainda, se levado em consideracdo apenas 0 risco
de mieloma multiplo, este risco chega a ser 51,1 vezes maior do que na
populacédo em geral*’“®. A hipétese levantada é de que as células mesenquimais
do estroma da medula 6ssea, além de promover remodelamento dsseo, induzem
proliferacdo e ativacdo de plasmocitos, ocasionando picos policlonais e

aumentando o risco de desenvolver gamopatias monoclonais®-“°.

1.5.1.2 Doencga de Parkinson

A Doenca de Parkinson (DP) € uma doenca neurodegenerativa comum,

gue costuma afetar individuos a partir dos 70 anos de idade com disturbio do
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movimento extrapiramidal, com bradicinesia, rigidez, tremor e instabilidade
postural. A DP iniciou a ser relacionada a DG a partir do momento em que foram
realizados estudos histopatolégicos pés-mortem em individuos com DG, em que
foram identificados depdsitos de corpusculos de Levy positivos para alfa-
sinucleina no cértex e no cerebelo®™. Além disto, a DP é mais frequente nos
familiares previamente saudaveis dos pacientes com DG>'. Mais recentemente,
variantes patogénicas no gene GBAL foram associadas a um odds ratio de até
5,43 em um estudo de caso-controle, sendo considerado o principal fator de risco
para desenvolvimento de DP e de outras sinucleinopatias. Além disso, pacientes
com DP e com variantes patogénicas em GBAL apresentam a doenca em idade
mais precoce, com acometimento simétrico e com aumento de risco para

distlrbios neuropsiquiatricos®.

1.5.2 Correlacdo Genétipo-Fendtipo

Quatrocentas e noventa e cinco variantes ja foram descritas no gene
GBA13®. A variante mais prevalente é a N370S, que tem uma frequéncia elevada
em individuos Judeus Ashkenazi (1 em cada 15 individuos séo heterozigotos para
esta variante) e é considerada a segunda variante mais prevalente na Europa em
populacdes ndo judias. Através de estudos de haplétipos®?, foi sugerido que esta
variante teria surgido entre os séculos 11 e 13 e que entéo teria se espalhado no
mundo ocidental. Esta variante esta associada a fenotipos mais brandos da DG,
garantindo que o individuo que possui pelo menos um alelo N370S va apresentar
a forma ndo neuronopata da DG (tipo )°°. A segunda variante mais prevalente
entre os paciente com DG é a L444P (a mais comum no Japéao, por exemplo) que,
em contrapartida a N370S, esta, na maioria dos casos, associada a fenotipos
mais graves da doenca e, quando esta em homozigose, estd associada a forma
neuronopata da DG*. Outra associacdo gendtipo-fenétipo bastante estabelecida
€ a da variante 84GG ou ¢.84dupG, que gera um cédon de parada e, quando em
homozigose, é incompativel com a vida®. Existe ainda associacéo clara entre a
DG tipo Ill com hidrocefalia, opacidade corneana, valvula adrtica caracteristica e
calcificacbes de aorta ascendente com a variante D409H em homozigose?,

1.6 Tratamento
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1.6.1 Terapia de Reposi¢cao Enzimatica

Desde 1992 a TRE vem sendo considerada o tratamento padrdo para
pacientes com DG tipo | ou tipo Ill. A primeira enzima aprovada para estes
pacientes foi a alglucerase, produzida pela empresa Sanofi (Gentilly, Franca), e
era extraida e purificada a partir de placenta humana, em que era acoplada a um
terminal manose>*. O risco de transmisséo de doencas infecciosas e a dificuldade
em manter a demanda necessaria da enzima (para cada paciente, eram
necessérias cerca de 12 toneladas de placentas por ano) geraram a necessidade
de produzir enzimas recombinantes in vitro>>. A primeira enzima recombinante a
ser aprovada em agéncias reguladoras foi a imiglucerase, em 1994, fabricada
também pela empresa Sanofi (Gentilly, Franca). Tal enzima € produzida in vitro a
partir de células de ovéario de hamster chinés e, posteriormente a sua composicao,
sofre diversas reac6es de deglicosilacBes para expor o seu residuo manose. Este
residuo manose € responsavel pelo sucesso no direcionamento da enzima ao seu
alvo, os macrofagos, sendo também responsavel por permitir a fagocitose desta
macromolécula e, assim, possibilitar que a enzima atinja seu alvo terapéutico, os
lisossomos®®. Em 2010, a enzima alfavelaglicerase, que também é uma enzima
recombinante, produzida in vitro a partir de células humanas pela empresa Shire
Human Genetics Therapies (Cambridge, USA/MA) foi aprovada no FDA e, apés,
na EMA e na ANVISA. A enzima alfataliglicerase, a primeira enzima recombinante
produzida a partir de células de cenoura, foi apresentada em 2009 pela empresa
Protalix Biotherapeutics (Karmiel, Israel) e sera discutida em maiores detalhes em
separado nesta introducdo®’.

As diferencas basicas entre as trés enzimas recombinantes atualmente
disponiveis para o tratamento de pacientes com DG sédo a forma de producéo, a
sequéncia de aminoacidos e o padréo de glicosilacdo, Tabela 1?°. A imiglucerase
€ produzida em células de ovario de hamster chinés; a sequéncia de aminoacidos
da proteina difere em um aminoacido em relagédo a da proteina endégena humana
(p.Arg495His). A taxa de formacdo de anticorpos antienzima é de 15,6%°. A
alfavelaglicerase é produzida em células humanas, por meio do processo de

ativacdo génica; a sequéncia de aminoacidos da proteina € idéntica a sequéncia
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normal da proteina humana. A taxa de formacdo de anticorpos antienzima é de
0%-1%°. A alfataliglicerase é produzida em células de cenoura; a sequéncia de
aminoéacidos da proteina é semelhante a da glicocerebrosidase humana, diferindo
da mesma por dois aminoacidos na porcdo N-terminal, por sete aminoacidos na
porgcdo C-terminal e por um aminoacido da posigédo 495 (p.Arg495His). A taxa de
formacdo de anticorpos antienzima é de 6%%°. O sistema de producdo da
alfataliglicerase, por envolver células vegetais, €, a0 mesmo tempo, a de menor
custo e a de mais seguranca do que as enzimas recombinantes, pois é livre de
qualguer componente de células de mamiferos, ndo existindo risco de
transmissdo de patégenos que infectam mamiferos para os pacientes, inclusive
de virus, como ocorreu com imiglucerase em 2010. Por outro lado, o fato da
enzima ser produzida a partir de células vegetais levanta a questdo se esta
enzima causaria maior numero de reacdes e de eventos adversos relacionados a
TRE. Em ensaios clinicos, a alfataliglicerase apresentou um perfil de eventos
adversos® semelhantes ao das enzimas de origem animal®® ®, assim como

demonstrou ser eficaz em garantir o sucesso dos alvos terapéuticos da DG®*.

Tabela 1. Resumo das caracteristicas bioquimicas e indicagdo das enzimas
recombinantes disponiveis para TRE na DG.

Caracteristica Imiglucerase Alfavelaglicerase Alfataliglicerase
Apresentacdo 400 UI 400 Ul 200 Ul
Indicacao A partir de 2 anos A partir de 4 anos A partir de 4 anos

Forma de Producéo

Sequéncia de

Aminoacidos

de idade

Células de Ovaério

de Hamster Chinés

Variante
p.Arg495His

de idade

Células Humanas

Idéntica a proteina

wild type

de idade

Células de Cenoura

2 AA N-terminal
7 AA C-terminal
Variante
p.Arg495His
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Padrao de 40 — 60% dos 100% dos residuos | 100% dos residuos
Glicosilagcdo residuos manose manose expostos manose expostos

expostos

A TRE, independentemente da enzima de escolha, mostrou ser segura e
eficaz, sendo capaz de melhorar os pardmetros hematolédgicos, ésseos e viscerais
da DG. Sua posologia é a de infusbes endovenosas quinzenais, com doses que
variam de 15 a 60 Ul/kg/infusdo. Nos primeiros 3 meses, as infusdes devem ser
realizadas em centros de referéncia para o tratamento da DG e, apés, pode ser
considerado realizar infusdes domiciliares®.

A escolha de qual enzima a ser utilizada depende basicamente de qual
esta disponivel e regularizada no pais do paciente. Até 2010, a enzima que era a
mais amplamente utilizada na assisténcia a pacientes com DG em todo o mundo
era a imiglucerase, tendo em vista o maior tempo de mercado desta enzima.
Neste ano, ocorreu uma contaminacao viral na producao mundial da imiglucerase
e, por isso, as enzimas recém-apresentadas a comunidade cientifica
(alfataliglicerase e alfavelaglicerase) passaram a ser utilizadas assistencialmente
como modo emergencial, assim garantindo o seguimento do tratamento dos
pacientes com DG®*®°. Ap6s este periodo, em 2014, a alfataliglicerase se tornou a
enzima de escolha no tratamento de pacientes adultos com DG no Brasil. Dois
anos apos, a mesma enzima foi estabelecida como primeira linha de tratamento

também para pacientes pediatricos com DG no Brasil®®.

1.6.1.2 A Alfataliglicerase

A alfataliglicerase foi aprovada para tratamento dos pacientes adultos com
DG em 2012, pela agéncia reguladora americana, e, em 2013, pela ANVISA; é
importante ressaltar que a alfataliglicerase nunca foi aprovada pela EMA (agéncia
reguladora europeia). A eficdcia da alfataliglicerase, em relagdo a parametros
hematoldgicos e viscerais, foi estudada em um ensaio clinico multicéntrico duplo-
cego randomizado, com duracdo de 9 meses, que incluiu 29 pacientes adultos®.

|.66

O primeiro estudo a incluir criancas foi o de Pastores et al.”, em que de 31

pacientes, cinco eram criangas, todos previamente tratados com imiglucerase e
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com quadro clinico estavel, os parametros analisados permaneceram estaveis.
Os eventos adversos relacionados ao tratamento variaram de leves a moderados,
acometendo um total de 10 adultos (32%). Trés pacientes tiveram reacdo a
infusdo, sendo que, destes, um adulto suspendeu o tratamento devido a reacao
na primeira infusdo. Em relacdo a doenca O6ssea, em estudo preliminar com 8
pacientes, foi realizada analise de infiltragdo da medula éssea através da técnica
de QCSI (do inglés, quantitative chemical shift), notando melhora da infiltracdo
ap6s 1 ano de tratamento®. Em 2018, Zimran, em conjunto com Maas,
publicaram um estudo em que analisaram 26 pacientes, sendo 15 virgens de
tratamento. Destes 15, todos obtiveram melhora da infiltragdo medular através da
técnica QCSI apds 2 anos de seguimento. Em relacdo aos previamente tratados
com imiglucerase, dos 11 pacientes, apenas 1 ndo teve melhora no padrdo de
infiltracdo medular. Com estes resultados, os autores levantam a hipotese de que
trocar a TRE de imiglucerase para alfataliglicerase traria beneficios em relacao a
infiltracdo da medula 6ssea®.

O dultimo ensaio clinico que avaliou a efichcia e a seguranca da
alfataliglicerase foi o de Zimran et al, em 2019. Neste estudo, foram avaliados 17
pacientes durante 5 anos de seguimento, e resultados com melhora dos
parametros viscerais, hematoldgicos e 0sseos foram relatados. Em relacdo a
seguranca, 85% dos pacientes apresentaram alguma forma de evento adverso,
sendo a maioria classificadas como leve ou moderada; no entanto, seguindo os
criterios do médico do estudo, nenhum evento adverso foi considerado
relacionado & TRE com alfataliglicerase®.

No que tange a populacdo brasileira, o Unico estudo publicado € o de
Cravo et al, em 2018, em que avaliou, retrospectivamente, a eficacia em 13
pacientes em uso de alfataliglicerase por 3,5 anos e a seguran¢ca em 35 pacientes
que tiveram, pelo menos, 1 infusdo com a enzima. Os resultados confirmam a
eficacia da enzima nos parametros analisados (visceral e hematoldgico apenas, a
doenca Ossea nao foi avaliada); no que diz respeito a seguranca da enzima, dos
35 pacientes expostos a alfataliglicerase, trés (9%) pacientes necessitaram
descontinuar o tratamento por reacdo a infusdo e 27 (78%) dos pacientes
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apresentaram algum grau de evento adverso. Infelizmente, neste estudo, os

eventos adversos ndo foram classificados se relacionados a TRE ou ndo’°.

1.6.1.3 A Terapia Enzimatica em Gestantes e Puérperas

A gestacdo de mulheres com diagndstico de DG pode ser complicada tanto
pela doenca visceral, quando hematoldgica e 6ssea, assim como os sintomas da
DG podem ser exacerbados durante a gestacdo. Previamente ao inicio da TRE
para a DG, a taxa de abortamentos de mulheres com DG chegava a 25% e a
gestacdo era complicada por hemorragia, trombocitopenia, febre puerperal e
crises 6sseas’’. Inclusive, o diagnéstico da DG ocorre frequentemente durante a
gestacdo’®. Em 2009, Zimran et al publicaram estudo de questionario aplicado a
meédicos especialistas em DG ao redor do mundo, e avaliaram um total de 416
gestacBes em pacientes com DG, chegando a conclusdo de que o tratamento
com imiglucerase reduz risco de abortamento e risco de complicacdes agudas da
DG durante a gestacdo, parto e puerpério, principalmente em relacdo a
sangramento periparto. Além disso, ndo foram relatados efeitos adversos ou
teratogénicos durante o tratamento com imiglucerase. Ainda, Zimran et al, em
2009, recomendaram que a TRE com imiglucerase deveria ser mantida durante a
gestacdo no caso de mulheres jA em tratamento prévio a concepcgao, e que a
dose da enzima deveria ser calculada em relacdo ao peso pré-gestacdo’.
Granovsky-Grisaru et al, em 2011, orientaram que, nas pacientes sintomaticas
com DG, o ideal seria planejar a gestagao para realizar TRE com imiglucerase
previamente a concepc¢ao para estar com os parametros de gravidade da DG
estaveis e em niveis adequados para a gestacdo, devendo a gestante manter a
TRE durante a gestacdo e periodo periparto. Além disso, foi verificado que
suspender a TRE com imiglucerase em mulheres previamente tratadas com a
enzima ao diagnostico da gestacéo estava associado a maiores riscos do que a
manutencdo deste tratamento durante a gestacdo. Neste estudo, também néo
foram relatados efeitos adversos ou teratogénicos relacionados a imiglucerase ™.
Em 2014, Elstein et al avaliaram 25 gestacfes de pacientes expostas a
alfavelaglicerase, chegando a conclusdo de que esta enzima € eficaz e segura

para ser utilizada pelas pacientes com DG enquanto gestantes, nao
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correlacionando qualquer efeito teratogénico aos produtos destas gestacdes’ .
Lau et al, em 2018, reportaram 453 gestacbes de mulheres com DG, sendo que
117 (25%) estavam realizando TRE com imiglucerase ou alfavelaglicerase. A taxa
de criancas saudaveis como produto concepcional foi semelhante entre as
gestantes em TRE e em virgens de tratamento; a taxa de aborto foi maior no
grupo de mulheres em TRE do que nas virgens de tratamento (6,9% vs 3,6%,
respectivamente, p=0,1), no entanto, tal evidéncia nao foi estatisticamente
significativa™®. Nenhuma gestacdo em uso de alfataliglicerase ou TRS foi
reportada na literatura.

Em relagdo especificamente ao periodo de aleitamento materno, Sekijima
et al, em 2010, publicaram relato de caso em que a paciente com DG tipo 1
manteve tratamento com imiglucerase durante a gestacao, o parto e o puerpério.
Durante o periodo de aleitamento materno, realizaram estudo em que
quantificaram a atividade da glicocerebrosidase no leite materno antes e depois
da infusdo enzimatica, durante as 24h subsequentes a infusdo. O resultado foi
gue a imiglucerase € excretada em pequenas gquantidades no leite materno,
principalmente na primeira mamada apos a infusdo; ap0s, os valores reduzem e
se assemelham ao valor pré-infusdo’™. Dornelles et al, em 2014, publicaram
estudo comparando a excrecdo de glicocerebrosidase no leite de uma paciente
em TRE com imiglucerase ao de uma puérpera saudavel. A concluséo foi de que,
de fato, a imiglucerase é excretada no leite humano em quantidades muito
inferiores do que a enzima “wild type”, quando comparado os valores entre a
paciente com DG em tratamento e a puérpera saudavel. Ainda, neste ultimo
estudo foi recomendado que a decisdo sobre o aleitamento materno ndo deve
envolver o fato de estar-se realizando TRE com imiglucerase, mas sim, nas
condi¢bes clinicas da mae e do bebé, devendo-se estar atento para garantir
adequada ingesta de calcio e de niveis normais de vitamina D durante este
periodo, além de monitoramento da densidade mineral éssea materna’®. Nao
foram relatados efeitos adversos em criangas amamentadas por maes em uso de

imiglucerase ou alfavelaglicerase’".
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1.6.2 Terapia de Reducéao de Substrato

Em resposta a inconveniéncia da administracdo parenteral da TRE, houve
iniciativas para desenvolvimento de tratamentos alternativos, incluindo o uso oral
de agentes inibidores da formacao ou de reducéao do substrato (TRS). A primeira
droga a ser aprovada pela FDA, EMA e ANVISA como TRS foi o miglustate,
produzido pela empresa Actelion Pharmaceuticals (Allschwil/Suica)’’. Este
medicamento obteve resultados clinicos e laboratoriais modestos®. Hoje, o
miglustate € aprovado na Europa e nos Estados Unidos da América apenas para
pacientes que tem contraindicacdo expressa ao uso de TRE e que apresentam
DG leve ou moderada, j& estavel em relagéo aos alvos terapéuticos?'. Além disto,
€ importante ressaltar os eventos adversos relacionados a esta enzima, que séo
principalmente gastrointestinais, como diarreia e perda de peso, e neuroldgicos,
com neuropatia periférica quando utilizado a longo prazo™®. O outro farmaco
mais recentemente aprovado pelas agéncias reguladoras para ser utilizado como
TRS, inclusive como primeira linha de tratamento para DG, € o eliglustate,
produzido pela empresa Sanofi (Gentilly, Franca) em 2014, que além de atuar
como TRS, é também um analogo da ceramida. O eliglustate tem mostrado
eficacia e seguranca semelhantes & TRE, e uma boa efichcia em termos do

acometimento 6sseo da DG nos ensaios clinicos realizados até hoje%#,

1.6.3 O Manejo Clinico na DG tipo 2

Infelizmente, até o presente momento, ndo existe terapia modificadora de
fendtipo ou curativa para a DG tipo 2 e, por isso, é realizado manejo clinico que,
na maioria das vezes, é paliativo para estes pacientes. Em 2015, Weiss et al
publicaram um guideline para auxiliar o manejo clinico destes pacientes,
chamando atencédo para a necessidade em envolver a familia, a equipe médica e
a equipe multiprofissional, principalmente os profissionais que auxiliam as familias
na rede de suporte, desde o inicio do manejo destes pacientes, para, juntos,
definirem o objetivo real do tratamento e para todos cooperarem em conjunto para

0 manejo deste grave diagndstico™.
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1.6.4 Terapias Futuras

Outras terapias que sejam capazes de cruzar a barreira hematoencefalica
estdo constantemente sendo buscadas no intuito de ser possivel, também, tratar
0S pacientes com acometimento neurolégico. Chaperonas s&do moléculas
pequenas que podem ser consideradas como forma de tratamento para doengas
causadas por proteinas mal dobradas. Estas moléculas seriam capazes de ligar-
se ao seu alvo, no caso da DG, a glicocerebrosidase mal dobrada ainda no
reticulo endoplasmatico, para evitar sua degradacdo e garantir que a proteina,
mesmo que mal dobrada, atinja os lisossomos. Como diversas variantes
patogénicas no GBAL tratam-se de mutacdes de troca de sentido, esta estratégia
poderia trazer grandes beneficios®®. O ambroxol, agente utilizado amplamente
para controle da tosse, teve sua eficacia como chaperona para a enzima
glicocerebrosidase comprovada em estudos in vitro e em modelos animais®®’.
Em ensaio clinico piloto com 5 pacientes com DG tipo 3, o ambroxol mostrou ser
seguro e eficaz: aumentou a atividade enzimatica da glicocerebrosidase em
leucdcitos, penetrou a barreira hematoencefalica e reduziu os niveis de
glicosilesfingosina no liquor. Manifestacdes neurolégicas como mioclonia,
convulsdes e reflexos pupilares melhoraram e, inclusive, dois pacientes que antes
ndo caminhavam voltaram a deambular®. Ensaio clinico com maior nimero de
pacientes e com maior duracao é necessario para que a droga seja aprovada nas
agéncias reguladoras como terapia para DG.

A historia da terapia génica na DG iniciou em 1990, quando Fink et al
publicaram a prova de que altos titulos de aplicacdo de vetor de retrovirus com
GBA1 humano poderiam normalizar a atividade enzimatica da glicocerebrosidase
in vitro®®. Apés, em 1998 o mesmo grupo realizou um ensaio clinico para avaliar
eficacia e seguranca, em que visualizaram que a taxa de células corrigidas com o
GBA1 através do vetor viral era extremamente baixa, ndo sendo capaz de corrigir
a atividade enzimatica nos pacientes avaliados®. Mais recentemente, Du et al, em
2019, publicaram ensaio clinico em camundongos knockout para Gbal com
terapia génica através de vetor com adenovirus 9 expressando Gbal: resultados
de aumento da atividade enzimatica, melhora neuropatolégica e aumento de

expectativa de vida trouxeram boas perspectivas para a terapia génica na DG
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1.7 Seguimento Clinico

Existem alguns padrbées de seguimento clinico dos pacientes com DG ao
redor do mundo. Em sua maioria, estes individuos sdo acompanhados por
hematologistas, metabologistas, geneticistas, pediatras, gastroenterologistas ou
reumatologistas. O tratamento de suporte também é oferecido por médicos
ortopedistas, neurologistas e por outras especialidades médicas. O importante de
se salientar é que o0 seguimento clinico destes pacientes costuma ser
multidisciplinar devido a ampla gama de manifestacdes clinicas que estes
pacientes apresentam®. Até o presente momento, ndo existe um consenso com
guideline mundial para o seguimento da DG; no entanto, desde 2004, ano em que
Pastores et al publicaram os alvos terapéuticos para a DG%, os diversos centros
de referéncia no tratamento para DG espalhados pelo mundo utilizam este
modelo e o adequam para a realidade local. Em 2004, os alvos terapéuticos da
DG eram direcionados (1) a anemia, (2) a trombocitopenia, (3) a hepatomegalia,
(4) a esplenomegalia, (5) a doenca Ossea, (6) ao crescimento dos pacientes
pediatricos, (7) ao envolvimento pulmonar e (8) a qualidade de vida. A época, em
relacdo a doenca Ossea, os parametros de melhora dos pacientes eram
relacionados apenas a fraturas, dor, complicacdes cronicas e a densidade mineral
0ssea, nao envolvendo a infiltracdo da medula 6ssea. Estes alvos terapéuticos
foram revistos ao longo dos anos por diferentes grupos de colaboracao
internacional, e diversos ensaios clinicos de novos farmacos para a DG utilizaram

9394 Em sua ultima

esta ferramenta como avaliacdo de eficacia terapéutica
revisdo, Biegstraaten e colaboradores do European Working Group on Gaucher
Disease, em 2018%, incluiram, além dos 8 alvos terapéuticos referidos por
Pastores et al, em 2004, também a avaliacdo da fadiga e da participacdo social, e
ainda dividem todos os alvos terapéuticos em critérios a serem atingidos a curto,

Tabela 2, e a longo prazos, Tabela 3.

Tabela 2. Alvos terapéuticos a curto prazo da DG tipo 1. Adaptado de
Biegstraaten et al 2018%.

Alvos Terapéuticos a Curto Prazo para DG tipo 1

Categoria | Alvos Terapéuticos
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Anemia

Eliminar necessidade de transfusdo sanguinea
Elevar niveis de hemoglobina em 12 a 24 meses para > 11g/dL em mulheres e
criancas e > 12 g/dL em homens

Tendéncia a
Sangramento

Elevar contagem plaquetaria em 1 ano de tratamento o suficiente para prevenir
sangramentos cirlrgicos e espontaneos

Se esplenectomia: normalizar contagem plagquetaria em 1 ano de tratamento
Bago intacto: alcangar > 100.000/mm3 plaguetas em 3 anos

Mobilidade

Diminuir 6ssea que nao seja relacionada a leses irreversiveis em 1 a 2 anos
de tratamento

Reduzir envolvimento da medula 6ssea, medido com escore utilizado
localmente (BMB ou Dusseldorf), em pacientes sem doenca grave irreversivel
ao inicio do tratamento

Elevar a densidade mineral 6ssea em 2 anos para adultos com escore T < -2,5
no inicio do tratamento

Atingir pico de massa 0ssea ideal em criangas

Normalizar crescimento conforme curva propria em 2 anos de tratamento

Complicacdes
Viscerais

Evitar esplenectomia

Aliviar sintomas de esplenomegalia (distensao abdominal, infartos esplénicos,
saciedade precoce)

Eliminar o hiperesplenismo

Reduzir volumes esplénicos a menor do que 2 a 8 vezes o hormal em 1-2 anos,
a depender do volume inicial

Reduzir volumes hepaticos a menor do que 1 a 1,5 vezes o normal em 1-2
anos, a depender do volume inicial

Bem-estar
Geral

Melhorar escores de qualidade de vida medidos com questionario adequado em
2-3 anos de tratamento

Reduzir fadiga (ndo relacionada a anemia)

Melhorar ou retornar a capacidade fisica, exercendo tarefas de vida diarias e
cumprindo funcdes laborais

Tabela 3. Alvos terapéuticos a longo prazo da DG tipo 1. Adaptado de

Biegstraaten et al 2018%.

Alvos Terapéuticos a Longo Prazo da DG tipo 1

Categoria Alvo Terapéutico
Anemia Manter niveis de hemoglobina atingidos apds 12 a 24 meses de tratamento
A Manter plaquetas > 100.000/mm3
Tendéncia a . . . : -
Reduzir tendéncia a sangramentos, seja por baixa contagem plaquetaria,
Sangramento . . . ~
defeitos plaquetarios ou anormalidades de coagulacio
Prevenir complica¢Bes 0sseas: necroses avasculares, crises dsseas, infartos
Osseos e fraturas patolégicas
. Prevenir osteopenia e osteoporose
Mobilidade P b

Prevenir uso cronico de analgésicos
Manter mobilidade normal ou melhorar a mobilidade
Aumentar atividades fisicas

Complicagbes
Viscerais

Manter volume esplénico < que 2 a 8 vezes o normal apés 1-2 anos de
tratamento

Manter volume hepético proximo do normal apés 1-2 anos de tratamento
Prevenir fibrose e cirrose hepaticas e hipertenséo portal
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Complicagdes | Prevenir ou melhorar a funcdo pulmonar, como a hipertenséo pulmonar e a
Pulmonares sindrome hepatopulmonar

Manter boa qualidade de vida medida por escores de qualidade de vida
validados

Manter participagdo normal nos estudos ou no trabalho

Minimizar danos psicossociais a longo prazo

Atingir puberdade normalmente

Normalizar a expectativa de vida

Bem-Estar Geral

Gestacao e

Parto Prevenir complica¢gBes da DG durante a gestagéo e parto

Em relacdo a doenca 0ssea, Biegstraaten et al traz de inovador que, além
dos pontos classicos definidos por Pastores et al em 2004, é indispensavel a
avaliacdo da infiltracdo da medula Ossea nestes pacientes. A curto prazo, 0s
pacientes deveriam diminuir dor 6ssea em 1 a 2 anos, aumentar a densidade
mineral 0ssea em 2 anos, adquirir massa Ossea ideal enquanto crianca,
normalizar a curva de crescimento e reduzir a infiltracdo medular através do
escore utilizado localmente (escore de Bone Marrow Burden®® ou escore de
Diisseldorf Gaucher®’). A longo prazo, os pacientes deveriam ter as complicacées
Osseas (osteonecrose, crises 0sseas, fraturas patoldgicas) evitadas, a osteopenia
e a osteoporose evitada, 0 uso crénico de analgésicos para dor 6ssea prevenido e
a sua deambulacdo mantida®. E importante ressaltar que, apesar de a avaliacdo
da infiltracdo de medula Gssea ter sido incluida nos critérios de alvos terapéuticos,
ela ndo estd bem determinada, uma vez que nao esta definido o quanto a
infiltrac&o deve reduzir, nem em quanto tempo.

Outra maneira de realizar o seguimento clinico destes pacientes, que
complementa o seguimento dos alvos terapéuticos, sdo 0s escores de gravidade
da DG, que devem ser aplicados a cada consulta médica. Para pacientes com DG
tipo 1, existem trés escores disponiveis para serem utilizados assistencialmente:
(1) o SSI (Severity Score Index), publicado por Zimran et al, em 1992, varia de 0 a
48, pode ser categorizado em acometimento brando (0 a 9), moderado (10-19) ou
grave (>20), e leva em consideracéo a presenca de citopenias, visceromegalias,
esplenectomia, alteracdo da fungéo hepatica, alteracdo no SNC, acometimento de
outros 6érgdos, alteracdes radioldgicas, dor 6ssea e fraturas®; (2) o escore DS3
(Disease Severity Scoring System), publicado por Weinreb et al, em 2010, varia

de 0 a 19 pontos, é categorizado em doenca leve (0 - 3), moderada (3 - 6),

37



acentuada (6 — 9) ou doenca grave (>9), e leva em consideragao a gradacao de
parametros de acometimento O0sseo (lesbes liticas, necrose, ou fraturas, dor
O0ssea ou articular, crise Ossea, infiltracdo da medula 6ssea e densitometria
0ssea), hematoldgico (trombocitopenia, sangramentos, anemia) e visceral
(esplenomegalia, hepatomegalia e doenca pulmonar)®; (3) o escore pediatrico da
DG foi publicado em 2013 por Kallish e Kaplan e leva em consideracao, aléem dos
pontos do escore DS3, a curva de crescimento do paciente pediatrico'®. Para a
DG tipo 3, foi publicado em 2007 por Davies et al o escore de gravidade para
avaliar o acometimento neuroldgico de pacientes neuronopatas. Este escore varia
de 0 a 33 pontos (sendo 33 0 mais grave), e inclui avaliacdo da movimentacao
ocular, da epilepsia, do desenvolvimento e da capacidade cognitiva e do padréo
neurolégico (marcha, sinais cerebelares, piramidais e extrapiramidais), além de

graduar a fala, funcéo oral e cifose®.

1.8 O Protocolo Clinico e Diretrizes Terapéuticas do Ministério da Saude do
Brasil

No Brasil, idealmente todos os centros de tratamento para DG devem
seguir o Protocolo Clinico e Diretrizes Terapéuticas do Ministério da Saude
(PCDT). Este PCDT tem como objetivo padronizar a indicagédo de tratamento e de
seguimento terapéutico de todos os pacientes com DG no Brasil®.
1.8.1 Indicagéo de Tratamento e Doses Recomendadas

Segundo o Protocolo, esta indicado iniciar tratamento com TRE para os
pacientes com diagndstico clinico e bioquimico e/ou molecular que possuam pelo
menos mais um dos critérios relacionados: (1) anemia, (2) plaquetopenia, (3)
sangramento espontaneo, (3) hepatomegalia, (4) esplenomegalia, (5) sinais
radiolégicos de acometimento esquelético reversivel (osteopenia, osteoporose,
infiltracdo de medula 6ssea, deformidade em frasco de Erlenmeyer), (6) sintomas
incapacitantes, principalmente dores, (7) crescimento inapropriado, (8)
acometimento pulmonar ou cardiaco da DG, (9) mieloma multiplo, (10)

esplenectomia, (11) DG tipo 3 ou (12) acometimento hepatico (aumento de, no
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minimo, duas vezes na dosagem de AST e ALT ou prolongamento do tempo da
protrombina (menor de 70% em relacdo ao controle) %°.

No PCDT, a dose recomendada a se iniciar o tratamento de um adulto sem
doenca grave é a menor dose possivel, de 15 Ul/Kg/infusdo, quinzenalmente.
Ajustes de dose sdo recomendados a depender da resposta clinica e laboratorial
do paciente. Para criangas menores de 12 anos e para adolescentes de até 19
anos que ndo tenham completado o crescimento O6sseo, a dose inicial
recomendada € a de 30UI/Kg/Infusdo quinzenal. A dose de 60UI/Kg/infusdo
quinzenal fica recomendada apenas para casos graves da doenca, para qualquer
faixa-etaria, e os pacientes em uso desta dosagem devem ser revisitados
semestralmente em centros de referéncia no intuito de avaliar a necessidade da

manutencao desta dose.

1.8.2 Monitorizagao do Tratamento

O PCDT elaborou um quadro de seguimento, ou de monitorizagcdo minima,
para pacientes em tratamento, em que se baseia principalmente na anamnese e
no exame fisico, mas também em exames complementares semestrais, anuais ou

conforme a clinica do paciente, Quadro 1.

Quadro 1. Monitorizacdo minima recomendada pelo PCDT do Ministério da Saude

Brasileiro?®.
- ANTES DO INICIO ~ PERIODICIDADE DA
AVALIACAO MONITORIZACAO ~
DO TRATAMENTO MONITORIZACAO
Anamnese Sim Sim Trimestral
Exame fisico (inclui .
medida de figado e Sim Sim Trimestral
baco com fita métrica)
Atividade da . x -
. ; Sim N&o
glicocerebrosidase
Hemograma e Sim Sim Semestral
Plaguetas
Ferritina, AST, ALT,
GGT, tempo de Sim Sim Anual
protrombina
Somente se piora da
USG ou RNM de Sim Sim hepatoesplenomegalia
abdémen .
ao exame fisico
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Somente se suspeita

Densitometria Ossea Sim Sim ou monitorizagao de
osteoporose
. Somente se piora da
RX de coluna, quadril . . P
Sim Sim .
e 0ssos longos dor 6ssea
Sim, em criancas ou Sim, em criancas ou Conforme

RX de méos para

adolescentes com

adolescentes com

idade 6ssea . . apresentacéao clinica
atraso do crescimento | atraso do crescimento
Sim, se anemia ou Sim, se anemia ou
. ~ P . ~ P Conforme
Vit. B12 manifestagdes clinicas | manifestagfes clinicas
' sugestivas de sugestivas de apresentacao clinica
deficiéncia deficiéncia
A cada 3-5 anos em
Eletroforese de . .
P Sim Sim .
proteinas pacientes adultos
A cada 5 anos,

fémur
disponibilidade local

1.8.3 Avaliacdo da Resposta Terapéutica
A avaliacdo da resposta ao tratamento proposto pelo PCDT foi baseada
em 2004%

a realidade brasileira, Quadro 2. Note que nas recomendacdes do PCDT

nos alvos terapéuticos de Pastores et al e adaptada
brasileiro ndo esta recomendada avaliacao de infiltracdo de medula 6ssea como

forma de alvo terapéutico.

Quadro 2. Alvos terapéuticos na Doenca de Gaucher. Adaptado de Picon et al
2014%.,

Parametro Alvo

Anemia * Normalizar os niveis de hemoglobina apés 12-24 meses de tratamento
* Eliminar dependéncia de transfusfes sanguineas

» Reduzir fadiga, dispneia e angina

Trombocitopenia * Aumentar o numero de plaquetas em niveis suficientes para prevenir
sangramento espontaneo ou associado a procedimentos ap6s 1 ano de
tratamento

* Normalizar a contagem de plaquetas em pacientes esplenectomizados

* Normalizar os niveis de plaquetas em pacientes ndo esplenectomizados
apoés 2 anos de tratamento, se 0s niveis pré-tratamento estavam acima de

60.000/mm3; nos demais casos, dobrar os valores iniciais
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Hepatomegalia * Reduzir o volume hepatico em 20-30% no primeiro ano e em 30-45% até

0 quinto ano em tratamento

Esplenomegalia * Reduzir o volume esplénico em 30%-50% no primeiro ano e em 50%-60%
até o quinto ano de tratamento

« Aliviar a distensao abdominal e a saciedade precoce

* Prevenir a ocorréncia de infartos esplénicos

* Eliminar hiperesplenismo

Acometimento * Diminuir a dor 6ssea (apds 2 anos de tratamento)
esquelético * Prevenir a ocorréncia de crises dsseas, osteonecrose e colapso articular
subcondral

* Aumentar a densidade mineral éssea (apos 5 anos de tratamento)

Acometimento * Reverter a sindrome hepatorrenal e a dependéncia de

pulmonar oxigénio

* Diminuir hipertensao pulmonar.

» Melhorar a funcionalidade e a qualidade de vida

« Evitar a deterioragao rapida da doenca pulmonar e a morte subita

« Evitar a doenga pulmonar

Crescimento * Normalizar o crescimento (apés 3 anos de tratamento)

* Promover o inicio normal da puberdade

Qualidade de Vida | * Melhorar a funcionalidade e a qualidade de vida aferida por questionarios

validados

1.9 Ferramentas Utilizadas na Avaliacdo da Infiltracdo da Medula Ossea

Como visto na presente introducdo, um dos achados mais significativos da
fisiopatogenia e, por consequéncia, do fenétipo dos pacientes com DG é a
infiltracdo de células de Gaucher na medula éssea. Desta maneira, € de
fundamental importancia que se estabeleca um método adequado de avaliagédo e
de seguimento a longo prazo destes pacientes em tratamento.

O primeiro estudo a levantar a possibilidade de se realizar um método
quantitativo de avaliacdo da infiltracdo da medula 6ssea na DG, foi publicado em
1985 por Wismer et al'®2. Este estudo avaliou imagens da medula dssea de
voluntarios saudaveis, pacientes com doencas metabdlicas (DG), inflamatorias,
traumaticas e neoplasicas a partir da técnica de QCSI (do inglés, quantitative
chemical shift), descrita no ano anterior por Thomas Dixon'®. Esta técnica, a

época inovadora, trouxe de beneficios a possibilidade de gerar imagens baseadas
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exclusivamente na intensidade do sinal da agua ou da gordura, ou ainda da
diferengca entre as duas. No estudo de Wismer et al, em relacdo a medula
amarela, que fisiologicamente € rica em gordura, nos pacientes com DG, ocorre
substituicdo dos adipdcitos por células de Gaucher, ocasionando uma reducéo da
fracdo de gordura nestes locais, sendo o sinal mais intenso considerado o normal
e o sinal menos intenso o patolégico, tanto em T1 quanto em T2'%. O grupo
americano de Massachusetts liderado por Daniel Rosenthal, publicam 3 artigos de
1986 a 1992 utilizando a técnica de Dixon QCSI, e confirmaram que (1) as lesGes
na DG podem ser focais ou difusas, sendo evidenciadas por sinais de
hipointensidades tanto no T1 quanto no T2 na medula axial e periférica; (2) as
epifises dos o0ssos longos séo afetadas apenas em casos graves da DG; (3) areas
de sinais de hiperintensidade no T2 representam lesdes agudas recentes; (4) o
grau de infiltracdo da medula 6ssea medido através da técnica QCSI se
correlaciona com a gravidade da DG e com o volume esplénico do paciente com
DGlO4_1O6.

Em 2002, Maas et al publicam um artigo em que justificam que, de fato, a
avaliacdo da medula 6ssea deve ser feita a partir de técnicas de ressonancia
magnética, tendo em vista sua excelente capacidade de contraste de tecido
conjuntivo e sua alta sensibilidade em detectar lesdes focais ou difusas. No intuito
de utilizar um método quantitativo para seguimento clinico e para avaliar resposta
terapéutica da infiltracdo na medula 6ssea na DG, Maas utilizou a técnica de
Dixon QCSI e quantificou a fracdo de gordura de 30 colunas lombares de
pacientes com DG e demonstrou que (1) a fracdo de gordura na coluna lombar é
inversamente proporcional a gravidade da doenca Ossea (tanto axial quanto
periférica), sendo considerado um bom biomarcador do acometimento 6sseo da
DG; e que (2) o risco de complicacdes Osseas (osteonecrose, por exemplo)
aumenta em 85% para cada reducdo de 10% na fracdo de gordura da coluna

lombar®’.
1.9.1 O escore Bone Marrow Burden de Maas

A avaliacdo quantitativa da infiltragdo da medula 6ssea através fracao de

gordura medida através das sequéncias de Dixon QCSI é o método mais sensivel
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para determinar gravidade e prognéstico de complicacdes 6sseas na DG, no
entanto, ele ndo esta disponivel assistencialmente na maioria dos locais do
mundo. Por outro lado, a técnica usual de sequéncias de ressonancia magnética
sao ideias para avaliar lesdo e acometimento de infiltracdo medular, no entanto, &
um método qualitativo, ndo quantitativo’®. No intuito de criar uma técnica que
fosse capaz de medir a infiltracdo da medula 6ssea e que estivesse disponivel
nos diversos centros mundiais, Maas et al, em 2003, publicaram o Bone Marrow
Burden score (BMB) ap0s avaliarem ressonéancias de coluna e fémur de 30
pacientes com DG e compara-las com a fracdo de gordura pela técnica de Dixon
QCSI. Maas et al foram capazes de criar um escore que, apesar de nao ser tdo
sensivel quanto o de Dixon QCSI (75% vs 92%), se correlacionasse fortemente
com a fragéo de gordura pela técnica de Dixon QCSI (p = -0,78, P<0,001)%.

O escore BMB avalia a infiltragdo da medula 6ssea tanto em coluna lombar
quanto em fémur em sequéncias de ressonancia magnética T1 e T2. O escore
leva em consideracao tanto a intensidade do sinal quanto a distribuicdo do sinal
para cada regido analisada: coluna, Quadro 3, e fémur, Quadro 4. E esperado que
a infiltracdo com células de Gaucher apareca sob forma de hipointensidades,
tanto em T1 quanto em T2, e que as lesbes agudas (osteonecroses) aparecam
como sinais hiperintensos na sequéncia T2. O escore varia de 0 a 16, o que
corresponde a soma dos subtotais da coluna (total = 8) e do fémur (total = 8),

sendo que quanto maior o escore, mais grave é a infiltracdo medular®.

Quadro 3. Escore BMB — Coluna Lombar. Adaptado de Maas et al 2003%.

Intensidade do Sinal &8 RM
Sequéncia Intensidade do Sinal* Escore BMB
T2 Hiperintenso 2
T2 Levemente Hiperintenso 1
T2 Isointenso 0
T2 Levemente Hipointenso 1
T2 Hipointenso 2
T1 Levemente Hiperintenso 0
T1 Isointenso 1
T1 Levemente Hipointenso 2
T1 Hipointenso 3
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* Em relacdo a intensidade do sinal de disco intervertebral saudavel
Padrao de Infiltracéo
Padrao Escore BMB
Focal 1
Difuso 2
Auséncia da gordura na regiao da veia basivertebral 1

Quadro 4. Escore BMB — Fémur. Adaptado de Maas et al 2003%.

Intensidade do Sinal a RM

Sequéncia Intensidade do Sinal* Escore BMB
T2 Hiperintenso 2
T2 Levemente Hiperintenso 1
T2 Isointenso 0
T2 Levemente Hipointenso 1
T2 Hipointenso 2
T2 Tipo Misto 3
T1 Is_ointgnso ou Levemente 0

Hiperintenso
T1 Levemente Hipointenso 1
T1 Hipointenso 2

* Em relacdo a intensidade do sinal da gordura subcutanea

Padrao de Infiltracao

Padréo Escore BMB
Diéfise 1
Epifise Proximal/Apéfise 2
Epifise Distal 3

As vantagens do escore BMB em relacao a técnica de Dixon QCSI sédo que
(1) o escore é capaz de ser realizado em qualquer maquina de ressonancia
magnética do mundo, enquanto a técnica de Dixon QCSI esté disponivel apenas
na Holanda; (2) qualquer radiologista bem treinado é capaz de pontuar o escore;
e (3) o escore BMB leva em conta tanto a coluna quanto o fémur, sendo os dois
sitios de extrema importancia na DG, uma vez que a coluna é o primeiro local a
sofrer com a infiltracdo e o fémur é o principal sitio de eventos agudos, enquanto
gue a técnica de Dixon QCSI avalia apenas a fracdo de gordura da coluna lombar.
As desvantagens do BMB em relagéo a técnica de Dixon QCSI é que ela é (1)
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menos sensivel, é (2) semiquantitativa, enquanto que a de Dixon é quantitativa e
é (3) examinador-dependente.

Quatro anos apos a publicacdo do escore BMB, Robertson et al publicaram
a experiéncia do grupo com o escore em uma avaliacdo longitudinal de sua
coorte. O estudo retrospectivo avaliou 57 pacientes com DG através de
ressonancia magnética e comparou imagens pré e pos-tratamento com TRE,
chegando a conclusdo de que os pacientes reduziam pelo menos 2 pontos no
escore apos a TRE, Figura 6, sendo considerado um bom marcador terapéutico
para a TRE. Robertson et al também trazem uma classificacdo do escore BMB de
acordo com a gravidade da infiltragdo medular. escores de 0 a 4 foram

considerados leves, de 5 a 8, moderados e de 9 a 16, graves™®.
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Pré-TRE P6s-TRE

Figura 6. Imagens da mesma paciente antes da TRE e 20 meses apés a TRE, de
coluna lombar sagital T1 (A) e T2 (B) e de fémures coronal T1 (C) e T2 (D). Na
avaliacdo pré-TRE a paciente apresentava hipointensidades grau 4 na coluna com
distribuicdo 3; e hipointensidade maxima de grau 5 em fémures com distribuicdo 3,
atingindo inclusive as epifises, garantindo um escore total pré-tratamento = 15/16.
Vinte meses apés TRE, a paciente apresentava hipointensidades grau 1 com
distribuicdo 3 na coluna e hipointensidades grau 5 com distribuicdo grau 1,

totalizando um escore 10/16. Adaptado de Robertson et al, 2007%.

1.9.2 O escore de Dusseldorf

O escore de Dusseldorf foi elaborado por Poll et al, em 2005, e leva em
consideracéo o padrdo de acometimento, ou de infiltracdo, do fémur, classificando
0S pacientes em 2 categorias: Padrdo A, homogéneo, e Padrdao B, nao
homogéneo. O Padrdo B de acometimento foi relacionado a maiores chances de
desenvolver osteonecrose?’. Comparando-se os escores BMB e Diisseldorf, o

primeiro leva vantagem nos seguintes aspectos: (1) ele analisa ndo sé o
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esquelético apendicular, mas também o axial, 0 que é de extrema importancia na
DG, visto que o primeiro sitio a ser afetado pela infiltracdo de células de Gaucher
na medula 6ssea € a coluna lombar; (2) o escore de Dusseldorf fornece apenas 2
categorias de gravidade da infiltragdo, necessitando o paciente piorar muito para
que ocorra uma troca de uma categoria para a outra, enquanto que no escore
BMB existem 3 categorias e o paciente pode receber diferentes escores de 0 a 16,

podendo-se observar a melhora e a piora de maneira mais sensivel.

1.9.3 Avaliagdes da Infiltragdo Medular a Longo Prazo

O escore BMB vem sendo utilizado mundialmente na avaliacdo da medula
O0ssea dos pacientes com DG. Em 2006, Maaike de Fost et al utilizaram o escore
BMB para avaliar ressonancias de fémur e reportaram que 0s pacientes que
utilizavam doses maiores de TRE apresentavam quedas mais bruscas no BMB pré
e pos tratamento'®. Dois anos apds, De Mayo et al avaliaram 47 pacientes em
estudo transversal e compararam o BMB com variaveis como genotipo,
esplenectomizados vs ndo esplenectomizados, volume hepético, idade e tempo
cumulativo em TRE. De Mayo et al concluiram que pacientes homozigotos para
N370S tiveram escore menor do que heterozigotos, sendo que os heterozigotos
compostos N370S/L444P tiveram o0s escores mais altos, e que pacientes
esplenectomizados também apresentavam escores mais altos do BMB*.

Até 2014, ndo havia estudos utilizando o BMB para avaliar
longitudinalmente, em longo prazo, o efeito da TRE no BMB, quando Elstein et al
publicaram o impacto da alfavelaglicerase no BMB apds 7 anos de TRE. A
conclusao do estudo foi que os pacientes reduziram o escore BMB nos primeiros 5
anos e, depois, sustentaram tal mudanca por mais 2 anos de seguimento®.
Fedida et al, em 2015, publicaram um estudo retrospectivo longitudinal em que
avaliou-se 9 pacientes virgens de tratamento e 31 pacientes que ja vinham
realizando TRE h& muitos anos. Seu estudo calculou uma taxa de redugdo média
de BMB por ano para toda a populacao estudada (-0,15 pontos/ano, p<0,001) e,
depois, calculou a mesma taxa para apenas o0s primeiros 5 anos de TRE (-0,35
pontos/ano, p=0,003). Aléem disso, Fedida et al comprovaram que o BMB né&o
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tende a sofrer modificacbes apos 5 anos de TRE, e sugeriram aumentar o
intervalo entre as ressonancias ap6s 5 anos de tratamento em pacientes sem

mudancas clinicas significativas™*2.
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Capitulo Il - Objetivos

2.1 Objetivos Gerais
Caracterizar a coorte de pacientes com Doenca de Gaucher do Rio Grande

do Sul em relacéo a infiltracdo da medula 6ssea e ao uso da alfataliglicerase.

2.2 Objetivos Especificos
a) Caracterizar, por meio do calculo de escore validado (o BMB), o grau de
infiltracdo da medula 6ssea dos pacientes;

b) Avaliar, por meio do calculo de escore validado (o BMB), a eficacia do
tratamento especifico da doenca de Gaucher (terapia de reposicao enzimatica
ou terapia de reducdo de sintese de substrato) em relacdo ao desfecho
infiltracdo da medula éssea;

c) Caracterizar genoétipos associados a maior comprometimento 6sseo;

d) Avaliar a seguranca e a efetividade da alfataliglicerase no tratamento de

pacientes com doenca de Gaucher.
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ABSTRACT:

Gaucher disease (GD) is one of the most prevalent lysosomal disorders,
with an estimated incidence of 1 in 40,000 live births worldwide. Skeletal
involvement is one of the main features that affects morbidity and long-term quality
of life in patients with type 1 GD. The present study set out to characterize bone-
marrow infiltration in patients with type 1 GD followed at the Gaucher Disease
Referral Centre of Porto Alegre, Brazil, using the Bone Marrow Burden (BMB)
score, and assess whether BMB correlates with any clinical or laboratory
parameters. We also evaluated if BMB score is a suitable parameter for long-term
follow-up of patients with type 1 GD. All included patients underwent magnetic
resonance imaging for BMB score calculation at baseline, 1 year, and every other
year thereafter or as clinically indicated (for example, in case of acute bone pain)
from 2012 to 2018. BMB score tended to decrease only during the first 5 years of
treatment, at a rate of —1.08 points per year; after the 5-year mark, BMB tended to
remain stable. We believe that, once the 5-year point of treatment has passed, MRI
for BMB calculation should only be performed in non-adherent patients or in those

who develop symptoms of acute skeletal disease.

Key Words: Gaucher disease, bone marrow burden, MRI, enzyme replacement

therapy
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INTRODUCTION:

Gaucher disease (GD) is one of the most prevalent lysosomal disorders,
with an estimated incidence of 1 in 40,000 live births worldwide®. This disorder is
caused by deficient activity of the enzyme lysosomal beta glucocerebrosidase,
which culminates in accumulation of glucosylceramides within macrophage
lysosomes in the spleen, bone marrow, and liver’. Phenotypically, GD can be
classified into three different groups: type 1, or non-neuronopathic, is characterized
by milder symptoms, with hepatosplenomegaly, cytopaenias, and skeletal
involvement; type 2, or acute neuronopathic, is characterized by severe visceral,
haematological, and neurological symptoms, and is inexorably fatal in the first
years of life despite current treatment; and type 3, or chronic neuronopathic, is
characterized by moderate symptoms, with hepatosplenomegaly, skeletal disease,
and neurological impairment®.

Bone pathophysiology in GD is due to infiltration of engorged histiocytes
(Gaucher cells) in bone marrow”, and skeletal disease is one of the main features
that affects morbidity and long-term quality of life in patients with type 1 GD>. For
this reason, a suitable and reliable scoring method to evaluate bone marrow
infiltration in GD has been pursued by physicians worldwide®”.

Since 2004, the efficacy of specific treatment for GD® has been evaluated by
specific targets, which include parameters for visceral, blood, and skeletal
disease®. Different groups have described the efficacy of ERT based on those
therapeutic goals'®*'. Recently, the European Working Group on Gaucher Disease
(EWGGD) redefined those goals, including quality of life, fatigue, and social
participation, and classified them into short and long-term goals. Regarding
skeletal involvement, EWGGD describes therapeutic goals only as they relate to
cortical bone disease. According to the Working Group, decreased bone-marrow
infiltration, as measured through a locally used scoring system, is a short-term

12
|

goal™“. However, the exact time frame for this goal to be attained is not described,

nor is the score threshold for a satisfactory response to treatment.
Although several scoring systems to analyse bone marrow infiltration have

13-17
d6, 3

been publishe , the most widely used is the Bone Marrow Burden (BMB)
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score, described by Maas et al (2003)*®, because it is easily reproducible, is a
semi-quantitative method, and evaluates both the lumbar spine and the femur—in
GD, this is particularly important, because infiltration of the spinal bone marrow
precedes infiltration in the femur®. The score is based on the distribution of lesions
and signal intensity’®. In 2015, Fedida et al'® evaluated the BMB method in GD
patients with long-term follow-up, and reported that the score decreased
significantly during the first 5 years of treatment and then remained stable.

The aim of our study is to characterize bone-marrow infiltration in patients
with type 1 GD followed at a single referral centre in Brazil, using the BMB score,
and assess whether this score correlates with any clinical or laboratory
parameters. We also evaluated whether the BMB score is a suitable parameter for

long-term follow-up of patients with type 1 GD.

METHODS:

This is an observational, prospective, longitudinal study with a convenience
sampling strategy. Data collection took place from January 2012 to December
2018. The study protocol was approved by the ethics committee of Hospital de
Clinicas de Porto Alegre (HCPA), and all patients provided written informed
consent. Patients who had a biochemical and genetic diagnosis of type 1 GD and
were followed at the Gaucher Disease Referral Centre at Hospital de Clinicas de
Porto Alegre, Brazil, were eligible for inclusion in the study. The exclusion criteria
were non-adherence to treatment (for ERT, adherence was defined as having
received at least 12 infusions per year; for substrate reduction therapy [SRT],
patients had to report regular use of the prescribed dose of miglustat®®) or not
having completed at least two MRI protocols.

Thirty-four patients were eligible for the study. Nine patients had to be
excluded for not having at least two BMB measurements recorded during the study
period. The final study sample comprised 25 subjects (15 male) with type 1 GD,
with a mean age of 42 years (range, 23 to 68 years) (Figure 1). All included
patients had undergone MRI for BMB score calculation at baseline, at 1 year, and
every other year thereafter or as clinically indicated (e.g., because of acute bone
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pain) from 2012 to 2018. All patients received standard clinical management as
established in the Brazilian clinical practice guideline for GD?, which included bone
density evaluation every other year, abdominal ultrasonography once a year,
measurement of chitotriosidase activity, complete blood counts, and a medical visit
every three months.

All MR images were performed on a 1.5T (Phillips Achieva 1.5T). Sagittal T1
and T2 weighted-images of the lumbar spine and coronal T1 and T2 weighted-
images of the femur were obtained on all patients. BMB was scored by two trained
and experienced radiologists following the protocol established by Maas et al
2003,

The following parameters were assessed retrospectively through review of
patients’ medical records: (1) Bone densitometry by dual-energy X-ray
absorptiometry (DXA)?!, with patients classified as having normal bone density,
osteopenia, osteoporosis, or low bone density for age and gender, in accordance
with the International Society of Bone Densitometry 2015 guidelines®; (2)
abdominal ultrasound (as this was performed at different facilities, we could not
compare volumes, but only ascertain whether the patient had hepatosplenomegaly
or splenectomy); (3) chitotriosidase activity, using the assay described by Hollak et
al (1994)%. No patient was homozygous or carried the 24dup allele of CHIT1 which
causes chitotriosidase deficiency; (4) GBA1l genotype, assessed by next-
generation sequencing prior to study inclusion. Patients were classified as having
the N370S (p.Asn409Ser), L444P (p.Leu483Pro), or another variant on each allele
of the GBA1 gene. Medical records were also reviewed for blood counts, birth date,
age at diagnosis, age at treatment onset, and type and dosage of treatment.

To evaluate BMB scores throughout the follow-up period, we used a linear
mixed model analysis of repeated measures, with the restricted maximum
likelihood estimation method and type 3 tests of fixed effects. First, we performed
the test for the entire study population. Then, to assess whether the duration of
treatment affected BMB score progression, patients were divided into two groups:
(1) short-term treatment, which comprised patients with the first and last BMB
performed prior to 5 years (60 months) of treatment; and (2) long-term treatment,
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which comprised patients with the first and last BMB performed after 5 years (60
months) of treatment. P-values below 0.05 were considered statistically significant.
Confidence intervals were established at 95%.

To ascertain whether any correlation existed between the first BMB score of
each patient and their contemporary clinical and laboratory data (age, age at
diagnosis, age at the start of treatment, hepatic and spleen status, DXA,
chitotriosidase, haemoglobin, platelets, ERT dosage, duration of treatment), the
Spearman test was used for continuous variables and the Mann—-Whitney U test for
categorical variables; correlation with genotype was assessed through the
Kruskal-Wallis test.

Two patients (one each from the short-term and long-term groups) who
were not considered adherent to treatment during the study period were excluded
from all statistical analyses. However, these patients were included in the
descriptive analysis of the study population (Figure 1).

RESULTS:

Table 1 summarizes the demographic and clinical findings from the whole
sample. Comparison of the short-term vs. long-term groups was only statistically
significant for “age at diagnosis” (p=0.0, n=25), “age at the start of treatment”
(p=0.0, n=25), and “time under treatment until first BMB” (p=0.0, n=25).

Of the 25 patients, 22 were already on treatment when the study began; 21
on ERT, with a mean treatment duration of 109.1 months (SD = 77.3 months,
range = 2—-204 months), either with imiglucerase or taliglucerase alfa, and one on
SRT with miglustat for 19 months (Table 1).

Thirteen patients (52%) were compound heterozygous for N370S and
another non-L444P variant; six (28%) were compound heterozygous for
N370S/L444P; two (8%) were homozygous for N370S; and three (12%) were
heterozygous for mutations other than N370S or L444P. Fifteen patients (60%) had
splenomegaly and five (20%) had hepatomegaly; four patients (16%) had

previously undergone splenectomy.
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First BMB score correlated positively with chitotriosidase activity (rs 0.66,
p<0.001, n=25) and negatively with platelet count (rs —0.61, p<0.005, n=25) and
ERT dosage (rs —0.69, p<0.001, n=25). No statistically significant correlations were
found between first BMB and the other clinical and laboratory variables.

Figure 2 shows the progression of BMB score over time for our cohort.
There was no clear downward trend for the score in the study population as a
whole (Table 2). When analysing the short- and long-term treatment groups
separately, we were able to establish a trend of decreasing BMB in the short-term
group and a trend of increasing BMB in the long-term group (Table 2). Only three
patients, all from the short-term group, experienced improvement of BMB scores
during the study period (Table 3).

Regarding type of treatment and progression of the BMB score, we found
that patients on SRT (patients 2, 21, and 22) did not improve their BMB score
during treatment. Two had a stable BMB score: patient 2 (32 months on miglustat
300 mg daily, total BMB score = 9), and patient 21 (38 months on miglustat 300 mg
daily, total BMB score = 14). Patient 22 exhibited a 1-point reduction in lumbar-
spine BMB score (from 14 to 13) after 12 months of miglustat 300 mg daily;
however, centre staff decided to switch treatment to ERT since neither
haematological nor visceral parameters improved during SRT therapy. After 19
months on ERT (imiglucerase 30 IU/kg biweekly), the total BMB score had
decreased an additional 9 points (from 13 to 4).

Three patients had an increase in BMB score during ERT. Two were not
adherent to treatment: patient 1, after 241 months of irreqular ERT (imiglucerase,
mean dosage 30 IU/kg biweekly), had a 1-point increase in the femoral score (total
BMB score from 10 to 11); patient 3, after 50 months of irregular ERT
(imiglucerase, mean dosage 30 IU/kg biweekly) had a 4-point increase in femoral
score (total BMB score from 0 to 4). The third patient whose BMB score worsened
during ERT, patient 24, was a 52-year-old splenectomised woman with a history of
osteonecrosis on the right proximal femur and right proximal humerus. After 192
months on ERT (taliglucerase alfa, mean dosage 30 IU/kg biweekly), she reported

acute bone pain in the left proximal femur. MRI showed osteonecrosis, increasing
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her total BMB score by 3 points (from 3 to 6). Taliglucerase was then increased to
45 [U/kg biweekly.

The progression of BMB over time correlated positively with chitotriosidase
levels (fixed effect = 635.34, p = 0.00) and negatively with platelets and ERT
dosage (fixed effect = -11,273, p = 0.00; -1.25, p = 0.00, respectively). No
correlation was established between change in BMB over time and any of the other

parameters of interest.

DISCUSSION:

The most accurate imaging method to measure the infiltration of Gaucher
cells in the bone marrow reported so far is Dixon’s quantitative chemical shift
imaging (QCSI) of the lumbar spine®*?° 58 however, this approach is not widely
available, so its reproducibility worldwide is quite poor. To overcome this challenge,
in 2003, Maas et al published an easily reproducible method that strongly
correlates with QCSI, the BMB score *2. This MRI-based semi-quantitative method
also has superiority over QCSI since it evaluates both the femur and the lumbar
spine, while QCSI only measures the fat fraction of the lumbar spine®®.

Since 2003, BMB has been widely used as an imaging biomarker of bone
involvement in Gaucher disease, as well as a tool for therapeutic goal

611121926 |n 2014, Elstein et al** reported BMB reductions during the

management
first 7 years of treatment; unfortunately, they included only 12 patients, did not
have a very long-term follow-up (beyond 7 years), and did not calculate an

1*° evaluated 40 French

estimated rate of decrease in BMB. In 2015, Fedida et a
patients, nine of whom were treatment-naive at first BMB. The authors reported
that BMB decreased only during the first 5 years of treatment, plateauing
thereafter. Our data are consistent with this finding, and we were able to
demonstrate a stronger statistical correlation of a decreasing trend of BMB during
the first 5 years of treatment: our patients had a decrease of 0.09 points per month
(1.08 points per year) in total BMB score during the first 5 years of treatment, with
a 5.4-point reduction over this period as a whole—nearly three times greater than

the reduction reported by Fedida et al in 2015. Moreover, the only patients whose
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BMB decreased in the French cohort were those naive to treatment; none of the
treated patients who had already received at least 1 year of treatment at first BMB
improved their score in subsequent measurements®. Our study corroborates this
finding as well; all patients in our cohort whose BMB score decreased were those
whose first MRI was performed at or before the first month of treatment.

In 2006, de Fost et al®® stated that higher doses of ERT should have a
higher impact on BMB reduction, although this did not reflect on acute clinical
complications such as bone pain, bone infarctions, or pathological fractures. In our
study, BMB score correlated negatively with enzyme dosage, agreeing with de
Fost et al (2006), in that higher dosages of ERT correlated with a more significant
decrease in BMB. Therefore, we may hypothesise that, if our patients had received
higher doses of recombinant enzyme, more patients might have experienced a
reduction in BMB. This is the first prospective study to correlate BMB score with
ERT dosage; there were no correlations of BMB trend and enzyme dosage in
Fedida et al*® or Elstein et al*.

We were unable to conclude whether ERT was more efficient than SRT
because of the small number of patients on miglustat. Nonetheless, we must
highlight that none of the patients who were on SRT experienced any significant
reduction in BMB during the first 24 months of treatment. This is consistent with the
findings of Pastores et al (2005)?’, who followed 10 patients on miglustat for 24
months and observed no changes in BMB score after treatment.

Chitotriosidase activity correlated positively with BMB throughout the study
period. This is consistent with previous reports of chitotriosidase activity as a
marker of GD severity and activity?®?°. Platelet count correlated negatively with
BMB score throughout the treatment period. Unfortunately, due to the small
number of patients enrolled in the study, we could not establish correlations of
BMB with haemoglobin level, organ volumes, bone density, or bone pain. We can,
however, extrapolate the association between platelet count and BMB to the other
clinical and biochemical parameters of interest, since all biomarkers of GD (in
bone, blood, and viscera) tend to follow a similar trend (i.e., improvement during

the first years of treatment, plateauing thereafter).
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CONCLUSION:

BMB score tends to decrease with ERT during the first 5 years of treatment.
After this period, BMB tends to be stable in treatment-adherent patients. Based on
our experience, we believe that MRI for BMB measurement should only be
performed after 5 years of regular treatment in non-adherent patients or in patients

who present with acute skeletal symptoms.

ACKNOWLEDGEMENTS:

The authors thank the staff at Hospital de Clinicas de Porto Alegre,
particularly at the Medical Genetics Service. Financial support for this study was
provided by CAPES, FIPE-HCPA, and by unrestricted grants from Sanofi-
Genzyme.

59



10.

11.

12.

13.

REFERENCES:

Grabowski, G. A. Phenotype, diagnosis, and treatment of Gaucher’s disease.
Lancet 372, 1263-1271 (2008).

Stirnemann, J. O. et al. A review of Gaucher disease pathophysiology,
clinical presentation and treatments. Int. J. Mol. Sci. 18, 1-30 (2017).
Sidransky, E. Gaucher disease: complexity in a ‘simple’ disorder. Mol. Genet.
Metab. 92, 14-15 (2007).

Stowens, D. W., Teitelbaum, S. L., Kahn, A. J. & Barranger, J. A. Skeletal
complications of Gaucher disease. Med. 64, 310-322 (1985).

Masek, B. J., Sims, K. & Bove, C. Quality of life assessment in adults with
type 1 Gaucher disease. Qual. Life Res. 8, 263—-268 (1999).

Dahl, S. vom et al. Evidence-based recommendations for monitoring bone
disease and the response to enzyme replacement therapy in Gaucher
patients. Curr. Med. Res. Opin. 22, 1045-1064 (2006).

Hughes, D. et al. Gaucher Disease in Bone: From Pathophysiology to
Practice. J. Bone Miner. Res. 00, 1-18 (2019).

Revel-Vilk, S., Szer, J., Mehta, A. & Zimran, A. How we manage Gaucher
Disease in the era of choices. Br. J. Haematol. 182, 467—-480 (2018).
Pastores, G. M. et al. Therapeutic goals in the treatment of gaucher Disease.
Semin. Hematol. 41, 4-14 (2004).

Zimran, A. et al. Phasel/2 and extension study of velaglucerase alfa
replacement therapy in adults with type 1 Gaucher disease: 48-month
experience. Blood 115, 4651-4656 (2010).

Elstein, D., Haims, A. H., Zahrieh, D., Cohn, G. M. & Zimran, A. Impact of
velaglucerase alfa on bone marrow burden score in adult patients with type 1
Gaucher disease: 7-Year follow-up. Blood Cells, Mol. Dis. 53, 56—60 (2014).
Biegstraaten, M. et al. Management goals for type 1 Gaucher disease: An
expert consensus document from the European working group on Gaucher
disease. Blood Cells, Mol. Dis. 68, 203—208 (2018).

Rosenthal, D. I. et al. Evaluation of Gaucher disease using magnetic
resonance imaging. J. Bone Jt. Surg. - Ser. A 68, 802—-808 (1986).

60



14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Poll, L. W. et al. Magnetic resonance imaging of bone marrow changes in
Gaucher disease during enzyme replacement therapy: First German long-
term results. Skeletal Radiol. 30, 496-503 (2001).

Terk, M. R., Dardashti, S. & Liebman, H. A. Bone marrow response in
treated patients with Gaucher disease: Evaluation by T1-weighted magnetic
resonance images and correlation with reduction in liver and spleen volume.
Skeletal Radiol. 29, 563-571 (2000).

Miller, S. P. F., Zirzow, G. C., Doppelt, S. H., Brady, R. O. & Barton, N. W.
Analysis of the lipids of normal and Gaucher bone marrow. J. Lab. Clin. Med.
127, 353-358 (1996).

Vlieger, E. J. P., Maas, M., Akkerman, E. M., Hollak, C. E. M. & Den Heeten,
G. J. Vertebra disc ratio as a parameter for bone marrow involvement and its
application in Gaucher disease. J. Comput. Assist. Tomogr. 26, 843-848
(2002).

Maas, M. et al. Quantification of Bone Involvement in Gaucher Disease: MR
Imaging Bone Marrow Burden Score as an Alternative to Dixon Quantitative
Chemical Shift MR Imaging - Initial Experience. Radiology 229, 554-561
(2003).

Fedida, B. et al. Bone marrow involvement in Gaucher disease at MRI : what
long-term evolution can we expect under enzyme replacement therapy? Eur.
Radiol. 25, 2969-2975 (2015).

Picon, P. D., Gadelha, M. I. P. & Alexandre, R. F. Doenca de Gaucher.
Protoc. clinicos e diretrizes Ter. Secr. Atencdo a Saude - Brasilia Ministério
da Saude 2, 159-194 (2014).

SM, A., T, B. & AB, S. Usefulness of bone mineral density measurement in
menopausal woman: A study of 217 post menopausal women. Bangladesh
Med. Res. Counc. Bull. 30, 25-30 (2004).

International Society of Bone Densitometry: 2015 ISCD Official Positions —
Adult. Available at: https://www.iscd.org/official-positions/2015-iscd-official-
positions-adult/.

van Dussen, L., Akkerman, E. M., Hollak, C. E. M., Nederveen, A. J. & Maas,

61



24,

25.

26.

27.

28.

29.

M. Evaluation of an imaging biomarker, Dixon quantitative chemical shift
imaging, in Gaucher disease: lessons learned. J. Inherit. Metab. Dis. 37,
1003-1011 (2014).

Dixon, T. W. Dixon simple proton spectroscopic imaging. Radiology 153,
189-194 (1984).

Maas, M., Dijkstra, P. F. & Akkerman, E. M. Uniform Fat Suppression in
Hands and Feet through the Use of Two-Point Dixon Chemical Shift MR
Imaging. Radiology 210, 189-193 (1999).

De Fost, M. et al. Superior effects of high-dose enzyme replacement therapy
in type 1 Gaucher disease on bone marrow involvement and chitotriosidase
levels: A 2-center retrospective analysis. Blood 108, 830-835 (2006).
Pastores, G. M., Barnett, N. & Kolodny, E. An Open-Label, Noncomparative
Study of Miglustat in Type 1 Gaucher Disease: Efficacy and Tolerability Over
24 Months of Treatment. Clin. Ther. 27, 1215-1227 (2005).

van Dussen, L. et al. Value of plasma chitotriosidase to assess non-
neuronopathic Gaucher disease severity and progression in the era of
enzyme replacement therapy. J. Inherit. Metab. Dis. 37, 991-1001 (2014).
Smid, B. E. et al. Biochemical response to substrate reduction therapy
versus enzyme replacement therapy in Gaucher disease type 1 patients.
Orphanet J. Rare Dis. 11, 1-12 (2016).

62



Patients with
type 1 GD
N=34

Tables and Figures:

Excluded:
Did not have at least 2

N

Patients included in
baseline analysis
N =25

BMB measurements = 9

Excluded:
Not adherent to ERT =2

N

Patients included in
statistical analysis
N =23

Figure 1. Flow diagram of patient enrolment.
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Table 1. Demographic information, first and last BMB score, haemoglobin, and platelet count of each patient.

Mean dosage

Age at Age at Age at No. First Treat_ment Last Treatment HbSt Hb Plateltsetts Platelets (IU/kg/inf
Genotype baseline  diagnosis start of Splenectomy MRIs BMB dUSI;atIOI’\ at BMB duration atl at last at 1 at last Treatment  for ERT and
ID treatment 1 BMB at last BMB BMB BMB BMB
(years) — (years) " cars) dome score oty ST BMB  (gldl)  (gdl)  (x10YuL)  (<10%uL) mgéd;‘%’)for
1 N370S/ IVS9+1G>A 28 10 11 No 4 10 204 11 257 149 154 96 140 Imi 60
2 N370S/ L444R 68 59 60 Yes 2 19 9 32 12.7 12.4 251 224 Mig 300
3 N370S/ RecNcil 24 7 8 No 3 7 4 50 13.1 35.0 327 215 Imi 20
4 N370S/ L444P 58 50 50 No 3 11 0 10 24 14.7 16.0 93 136 Imi 30
5 N370S/ RecNcil 64 57 57 No 3 12 1 4 44 14.2 15.6 86 134 Imi 15
6 N370S/ RecNcil 46 22 29 No 2 8 132 8 144 15.2 14.5 27 52 Tali 15
7 N370S/ L444P+A456P 29 7 7 No 2 11 180 11 204 145 135 171 146 Imi 15
8 N370S/ RecNcil 32 14 15 No 2 2 132 2 156 14.3 15.7 191 190 Tali 30
9 N370S/ L444P 27 15 16 No 2 3 48 3 60 131 12.8 148 163 Imi 30
10 N370S/ L444P 43 26 27 Yes 2 6 84 6 108 13.8 13.6 314 322 Imi 20
11 N370S/ RecNcil 64 49 52 Yes 2 3 60 3 72 15.3 13.9 220 227 Imi 15
12 N370S/ L444P 46 37 39 No 2 5 2 5 14 141 141 161 212 Imi 15
13 N370S/ RecNcil 54 44 46 No 3 8 24 8 60 15.0 14.9 99 114 Imi 20
14 N370S/ L444P 34 11 11 No 2 9 204 9 216 125 131 137 176 Imi 15
15 Nf\zg%kfgi?; 30 4 5 No 3 9 204 9 240 121 12.6 63 80 Imi 45
16 N370S/ G202R 23 8 8 No 3 120 144 13.4 16.0 166 155 Imi 20
17 * 25 2 3 No 2 13 192 13 216 14.0 14.3 94 129 Imi 20
18 N370S/ R120W 28 10 10 No 3 8 132 8 156 15.3 14.6 111 119 Imi 20
19 N370S/ L444P 39 27 31 No 3 12 12 12 48 15.0 14.9 7 112 Tali 30
20 N370S/ L444P 41 29 30 No 2 6 48 6 72 13.1 12.7 139 153 Tali 15
21 E349K/ S366N 53 45 50 No 4 14 0 14 38 12.0 121 147 222 Mig 300
22 E349K/ S366N 50 42 43 No 3 14 0 3 31 14.6 15.6 113 297 Imi 30**
23 N370S/ N370S 65 54 55 No 3 6 22 6 65 13.0 14.7 140 125 Tali 15
24 N370S/ RecNcil 52 34 34 Yes 4 3 120 6 192 14.1 13.9 303 304 Tali 30
25 N370S/ L444R 29 5 5 No 2 9 216 9 228 131 13.9 125 151 Imi 20
Mean 42.1+ 26.72 £ 26+ 7.7% 109.1+ 6.84+ 1148 + 138+ 15.0+ 1519+ 171.9
£ 5D ) 146 189 281194 No 07 39 77.3 3.4 79.7 10 43 78.3 +67.7 ; 2181l
Short 502 + 269+ 79+ 35+ 72+  82%
—it-e;‘g - 143 396+16 41.3+15.9 No 06 45 18.7+20.9 36 24.4+185 11 59 80.0+726 93.4+56.9 - 94171
Long 332+ 128+ 26+ 16+ 34+ 67+ 68+
—it-e;‘g - 8.9 9.7 13.8+£10.4 No 08 34 160 +44.4 3.2 90.4+45.9 10 1.0 719+873 786+794 - 124 +13.8

*: variants not found after sequencing and CNV analysis
**:. previously treated with miglustat 300 mg daily for 12 months
Imi: ERT with imiglucerase; Tali: ERT with taliglucerase; Mig: SRT with miglustat
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Table 2. Linear mixed model of the trend of BMB score over time on enzyme
replacement therapy.

Estimate SE p-value
Parameter Number of Number of Fixed Interce Fixed
patients MRIs Intercept Fixed effect Intercept
effect pt effect
All patients 23 59 7.58 -0.009 1.12 0.01 0.000 0.385
Short-term 12 27 10.66 -0.090 1.18 0.02 0.000 0.004
Long-term 11 32 3.42 0.023 1.16 0.01 0.006 0.001

MRI, magnetic resonance imaging; SE, standard error; Intercept = central tendency of
BMB score at baseline; Fixed effect = reduction (or increase) in BMB score, points per

month
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Figure 2. BMB score progression over time. Each line represents a different
patient. The dashed blue line divides the short and long-term groups. Note that
patients 1 and 3 (in orange) were not included in the statistical analysis due to non-
adherence to treatment. Patients 4, 5, and 22 (in green) experienced reductions in
BMB during the study. Patient 24 (in red) is the only adherent patient whose BMB
increased during the study.
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Table 3. Clinical characterisation of the patients whose BMB score improved

Patient ID number 4 5 22
Age at diagnosis (years) 50 57 42
1 BMB
Total BMB score 11 12 14
Time on treatment (months) 0 1 0
Type of treatment (dosage) — ERT (151U/kQg) —
Severity Score Index (SSI) 4 7 5
Platelets (x103/pL) 93 86 113
Haemoglobin (g/dL) 14.7 14.2 14.6
Chitotriosidase activity (nmol/h/mL) 18,545 6,996 17,688
BMD (normal, osteopenia, osteoporosis) Normal Normal Normal
2" BMB
Total BMB score 10 4 13
Time on treatment (months) 12 16 12
Type of treatment (dosage) Imi (151U/kg) Imi (151U/kg) Mig (300mg/day)
Severity Score Index (SSI) 4 6 4
Platelets (x103/uL) 152 149 172
Haemoglobin (g/dL) 15.8 15.1 14
Chitotriosidase activity (nmol/h/mL) 5,212 1,004 8,591
BMD (normal, osteopenia, 0steoporosis) Normal Osteopenia Normal
3""BMB
Total BMB score 10 4 3
Time on treatment (months) 24 44 31
Type of treatment (dosage) Imi (151U/kg) Imi (201U/kg) Imi (151U/kg)
Severity Score Index (SSI) 2 4 4
Platelets (x103/uL) 136 134 297
Haemoglobin (g/dL) 16 15.6 15.6
Chitotriosidase activity (nmol/h/mL) 3,602 794 2,339
BMD (normal, osteopenia, osteoporosis) Normal Osteopenia Normal

Imi: ERT with imiglucerase
Mig: SRT with miglustat
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ABSTRACT

Introduction: Gaucher disease (GD) type 1 is a lysosomal disease characterised
by hepatosplenomegaly, anaemia, thrombocytopenia, bone changes, and bone
marrow infiltration. It is caused by biallelic pathogenic variants in the GBA1 gene,
which codes for glucocerebrosidase, an enzyme involved in the catabolic pathway
of complex lipids. Aims: To describe a sibling pair with GD type 1 and a genotype
never before reported in the literature. Case Report: Patient 1 is a 47-year-old
female, diagnosed at 42 years of age, with chronic lumbar pain, mild
splenomegaly, slight thrombocytopaenia, normal haemoglobin, severe bone
marrow burden (BMB) score, high chitotriosidase activity, and low
glucocerebrosidase. Patient 2, the sister of patient 1, is a 50-year-old female who
was diagnosed after familial screening. At 45 years of age, she had osteonecrosis
of the left femur and underwent total hysterectomy for uncontrollable bleeding. At
first evaluation, she had bone pain with a high BMB score, mild splenomegaly,
normal haemoglobin, normal platelet count, elevated chitotriosidase activity, and
low glucocerebrosidase activity. Both patients were found to be compound
heterozygotes for p.Glu388Lys and p.Ser366Asn variants in GBA1. Conclusions:
This is the first report of GD with this combination of GBAL variants, which causes
a phenotype remarkable for severe bone involvement with absent or mild

haematological manifestations.

Keywords: Gaucher disease, GBA1L, bone disease, genotype, phenotype
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INTRODUCTION

Gaucher disease (GD) is one of the most common lysosomal disorders, with
an overall frequency of 1 in 40,000 live births worldwide®; it is caused by deficient
activity of lysosomal glucocerebrosidase (acid beta-glucosidase), the enzyme
encoded by the GBA1l gene, which leads to a build-up of glucocerebroside in
macrophages (thereby known as “Gaucher cells”). This, in turn, causes
macrophage malfunction and shifts their activation profile?, ultimately leading to a
systemic inflammatory response® and symptoms such as hepatosplenomegaly,
thrombocytopaenia, osteonecrosis, and, in some patients, neurological deficits. GD
is categorised into three types according to the extent of neurological involvement:
GD type 1 is characterised by no overt neurological symptoms; GD type 2 (acute
neuronopathic), by an acute and fatal neurological compromise at early age; and
GD type 3 (chronic neuronopathic), by neurological compromise with onset in late
childhood or adulthood. The first specific treatment for GD was enzyme
replacement therapy (ERT), with biweekly infusions of imiglucerase, velaglucerase
alfa, or taliglucerase alfa. ERT offers significant improvement of all clinical
parameters, except established neurological impairment. Substrate reduction
therapy (SRT) with daily miglustat, an orally available drug, is also associated with
improvement, although not to the extent seen with ERT. Eliglustat, a newer SRT
agent, is now being used as first-line therapy for GD*°. GD presents with a broad
range of phenotypes, partly explained by the many different GBA1 genotypes. This
article describes two sisters with a heretofore unreported GD genotype associated

with severe bone involvement and absent or mild haematological manifestations.

CASE REPORT

Patient 1 is a 47-year-old female diagnosed with GD type 1 at age 42. She
was born to a non-consanguineous couple and has 4 siblings, of whom 3 were
healthy and screened negative for GD (normal glucocerebrosidase activity). One
sister, described below as patient 2, was symptomatic (Figure 1). There was no

family history of parkinsonism or other neurologic symptoms.
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Patient 1 was referred to the GD Centre at Hospital de Clinicas de Porto
Alegre (HCPA), Brazil, because of hyperferritinaemia (ferritin = 588 ng/mL)
resistant to phlebotomy, chronic low back pain (visual analogue scale = 8), and
recurrent episodes of epistaxis. Laboratory testing at admission showed a
haemoglobin level of 13 g/dL, leucocyte count of 2,320 cells/mm?, platelet count of
143,000/mm3, and extremely high chitotriosidase activity (9,609 nmol/h/mL;
reference range = 8.8-132 nmol/h/mL). Abdominal ultrasonography revealed
normal liver and spleen volumes. Bone metabolism markers (parathyroid hormone,
alkaline phosphatase, calcium, phosphate, vitamin D) and bone mineral density
(BMD) z scores were normal; however, her bone marrow burden (BMB) score was
14, consistent with severe disease (Figure 2)°. Glucocerebrosidase activity was 5
nmol/h/mg protein in leucocytes (reference range = 10-45 nmol/h/mg protein) and
132 nmol/h/mg protein in fibroblasts (reference range = 257-688 nmol/h/mg
protein), confirming the diagnosis of GD type 1. At diagnosis, her
Disease Severity Scoring System’ (DS3) was 2.7 of 19, and the Severity Score
Index® (SSI) was 5 of 48. SRT was begun with miglustat 300 mg/day, and a low-
carbohydrate diet was prescribed. Shortly thereafter, due to diarrhoea and an
unintended weight loss of 6 kg (10% of total body weight), patient 1 was found to
also have lactose intolerance (lactase non-persistence CC-genotype) and
strongyloidiasis, treated with a lactose-free diet and albendazole respectively. Due
to persistence of gastrointestinal symptoms and only slight clinical improvement on
SRT (see Table 1), after 1 year, miglustat was switched to taliglucerase alfa
30 IU/kg/biweekly. Two months later, patient 1 developed an allergic reaction to a
taliglucerase infusion and was thus switched to imiglucerase 30 1U/kg/biweekly. At
the time of writing, this regimen continued uneventfully, with symptomatic
improvement (Table 1).

Patient 2 is a 50-year-old female diagnosed with GD type 1 at age 45. Four
years before her first appointment for genetic evaluation, patient 2 underwent
prosthetic replacement of the left femoral-acetabular joint for osteonecrosis. One
year later, she required an emergent total hysterectomy due to uncontrollable

bleeding during uterine polyp removal surgery. Laboratory tests at admission to our
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Centre revealed a haemoglobin of 11.5 g/dL, leucocyte count of 8,710 cells/mms,
platelets at 195,000/mms3, ferritin 880 ng/mL, and chitotriosidase activity of
2,970 nmol/h/mL. Abdominal ultrasonography revealed mild hepatosplenomegaly
and hepatic steatosis. She had normal bone metabolism markers, normal BMD z
scores, and a BMB score of 14 (Figure 3). Glucocerebrosidase activity of
2.8 nmol/h/mg protein in leucocytes and 60 nmol/h/mg protein in fibroblasts
confirmed the diagnosis of GD. The severity scores were DS3 = 0 and SSI = 0.
Because of needle phobia, she was started on SRT with miglustat 300 mg/day, as
well as a low-carbohydrate diet.

After 3 years of unsatisfactory response to miglustat therapy (Table 1),
patient 2 was switched to taliglucerase alfa 15 IU/kg/biweekly. After 2 years of
ERT, her haematological parameters and chitotriosidase activity improved,
however, ferritin remained stable and bone marrow infiltration remained severe.

Upon genotyping with next-generation sequencing, both patients were
found to be heterozygotes for the ¢.1162G>A (p.Glu388Lys) (E349K) and
€.1214G>A (p.Ser405Asn) (S366N) pathogenic variants of GBAL. Patients 1 and 2
were also heterozygous for HFE1 pathogenic variant ¢.187C>G (p.His63Asp).

Parental DNA samples were not available for analysis. Both patients were
also tested for the chitotriosidase null variant; neither had it, not even in

heterozygosity.

DISCUSSION
Genotype

The patients described herein were compound heterozygotes for two
uncommon GBAL pathogenic variants, E349K and S366N. The former has been
previously described by Grabowski and colleagues in 2006°% however, no clinical
phenotype description was provided, nor was it reported if the mutation was in
homozygosis or compound heterozygosis with a different variant. S366N was
described in compound heterozygosis with R48W (p.Arg87Trip) by Demina and
Beutler in 1998 in an African-American woman with GD type | whose sister had
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anaemia, mild thrombocytopenia, mild neutropenia, and moderate
hepatosplenomegaly; unfortunately, no additional details on the patient's
phenotype were provided. The E349K residue is on a coil motif at the eighth exon,
in a region of neutral hydropathy. This variant is predicted to cause an 88%
reduction in normal enzyme activity’*. The S366N variant lays on an alpha-helix at
the 3' end of the eighth exon, also in a region of neutral hydropathy, and impairs a
phosphorylation site. Our patients exhibited enzyme activities higher than expected
for patients with classical GD, contributing to the characterisation of these two
variants.

Both E349K and S366N are considered likely pathogenic when applying the
ACMG classification criteria’®; they are absent from GnomAD (PM2), were
previously detected in trans with a pathogenic variant (PM3), are missense variants
in a gene that has a low rate of benign missense variation and in which missense
variants are a common mechanism of GD (PP2), have 6 pathogenic predictions
each (from DANN, GERP, FATHMM, LRT, MutationTaster and FATHMM-MKL for
the E349K variant; from DANN, GERP, FATHMM, LRT, FATHMM-MKL and SIFT
for the S366N variant) (PP3), the patients’ phenotypes and family history were
highly specific for GD (PP4), and UniProt classifies both variants as ‘disease’
(PP5).

Phenotype

Much is being studied about secondary modifier genes in Mendelian
disorders, including GD*™°; however, there is still little known about the strength of
the genotype-phenotype correlation in GD. In the cases presented herein, both
patients harboured the same GBAL variants, and although their phenotypes were
quite similar overall, there were some notable differences: while the bone
phenotype of patient 2 may be considered somewhat more severe, the
chitotriosidase activity of patient 1 — a biomarker of GD activity — was more than
three times higher at admission than that of patient 2. Liver and metabolic profiles,

on the other hand, were quite similar. This may be explained by the action of an

73



unidentified modifier gene harboured by only one of the patients, or it may be due
to environmental factors.

Osteonecrosis is a common manifestation of GD, experienced by up to one-
third of patients*®’. The most common site affected is the femoral head'®, as was
the case in patient 2. In a study of potential risk factors for osteonecrosis
conducted by the International Collaborative Gaucher Group (ICGG)™, the only
factors identified were anaemia and splenectomy. As both patients in our report
had the same GBAL1 genotype and neither had undergone splenectomy, we cannot
but wonder whether patient 2 being anaemic at admission was related to her
history of osteonecrosis, while her sister, who was not anaemic, did not experience
this manifestation.

Another common hallmark of GD is bone marrow infiltration, which can be
assessed with the MRI-based BMB score, a semi-quantitative method that relies
on signal intensity as a measure of fat substitution by Gaucher cells in the bone
marrow®. Both patients had the same severe BMB score, which may imply a more
severe bone phenotype caused by the unusual combination of the E349K/S366N
GBAL1 variants.

At admission, neither patient was profoundly thrombocytopenic nor
anaemic. There was no overt hepatosplenomegaly, although patient 2 had mild
hepatosplenomegaly and mild hepatic steatosis. Overall, both patients could be
described as having predominantly severe bone disease and few, mild visceral and
haematological manifestations. Whether this is due to environmental factors or
indeed to the patients’ rare genotype is still unclear; more reports of patients with
the same GBAL genotype are needed before any conclusion may be drawn with
confidence. Both sisters had an unsatisfactory response to substrate reduction
therapy with miglustat, whereas response to enzyme replacement therapy was
satisfactory regarding improvement of haematological and visceral parameters;
both patients reached the targets recommended in the Brazilian Guideline®® and by
the 2018 European Working Group on Gaucher Disease expert consensus®.
Regarding bone disease, patient 1 had a satisfactory response, with improvement
of bone pain (no longer requiring daily analgesics) and a reduction in BMB score
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during the first 2 years of treatment®?!. On the other hand, patient 2 had no bone
pain before starting treatment and remained asymptomatic. However, her BMB
score was unchanged after 2 years of treatment.

In 2019, Mehta et al reported on the presenting signs and patient co-
variables in GD? and highlighted that physicians can fail to recognise the early
stages of GD, which can lead to significant diagnostic delays and sometimes
irreversible but avoidable morbidity. In patients with the classic GD phenotype of
massive splenomegaly, bone pain, and cytopaenias, the diagnosis is readily
established. On the other hand, in patients with mild symptoms — or, as in the
patients described herein, involvement confined to bone — diagnosis is less

intuitive, requiring heightened suspicion on the part of the clinician.

CONCLUSIONS

This is the first GD family described with the E349K/S366N GBAL genotype,
which was associated with severe bone disease and mild visceral and
haematological manifestations. Additional genotype-phenotype studies are needed
to fully establish a causal relationship between this rare genotype and the patients’

unique phenotype.
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Figure 1. Family history. Patient 1 = Il14; patient 2 = Il12. Individuals 1111, 1113 and

[115 screened negative for Gaucher disease (nhormal glucocerebrosidase activity).

A)

Figure 2. Magnetic resonance imaging of patient 1. A) Coronal T2-weighted MRI of
both femurs shows definite signal hypointensity at the distal epiphysis. B) Sagittal
T1-weighted MRI of the lumbar spine shows diffuse hypointensity.
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Figure 3. MRI of patient 2. A) Coronal T2-weighted MRI of both femurs shows
definite signal hypointensity at the distal epiphysis. B) Sagittal T1-weighted MRI of

the lumbar spine shows diffuse hypointensity.
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Table 1. Haematological parameters, chitotriosidase activity, and bone marrow

burden score throughout the treatment period in patients 1 and 2.

Patient 1 Patient 2

GBA1 genotype E349K/S366N E349K/S366N
Glucocerebrosidase activity

Leucocyte (NRV 10-45 nmol/h/mg protein) 5 2.8

Fibroblast (NRV 257-668 nmol/h/mg protein) | 132 60
Baseline

Age at diagnosis (years) 42 45

Bone marrow burden score NA NA

Haemoglobin (g/dL) 14.6 11.6

Platelets (/L) 143,000 192,000

Ferritin (ng/mL) 588 880

Chitotriosidase activity (nmol/h/mL) 15,581 3,432

At 1-year follow-up

Treatment

Bone marrow burden score
Haemoglobin (g/dL)
Platelets (/uL)

Ferritin (ng/mL)

Chitotriosidase activity (nmol/h/mL)

Miglustat 300 mg/day
13

14

172,000

536

8,591

Miglustat 300 mg/day
14

11.7

207,000

1,160

1,667

At 2-year follow-up

Treatment

Bone marrow burden score
Haemoglobin (g/dL)
Platelets (/L)

Ferritin (ng/mL)

Chitotriosidase activity (nmol/h/mL)

Imiglucerase 30 1U/kg/inf
NA

14.5

224,000

937

5821

Miglustat 300 mg/day
14

11.8

184,000

1,117

1,984

At 3-year follow-up

Treatment

Bone marrow burden score
Haemoglobin (g/dL)
Platelets (/pL)

Imiglucerase 30 1U/kg/inf
3

145

259,000

Taliglucerase 15 1U/kg/inf
14

12.4

202,000
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Ferritin (ng/mL)
Chitotriosidase activity (nmol/h/mL)

608
1,472

1,025
1,689

At 4-year follow-up
Treatment
Bone marrow burden score
Haemoglobin (g/dL)
Platelets (/uL)
Ferritin (ng/mL)

Chitotriosidase activity (nmol/h/mL)

Imiglucerase 30 1U/kg/inf
NA

15.3

287,000

689

881

Taliglucerase 15 1U/kg/inf
14

13.2

234,000

1,053

1,133

NA, not available.
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ABSTRACT

Gaucher disease (GD) is one of the most common lysosomal disorders,
occurring in approximately 1 in 40,000 live births worldwide. Since 2014, enzyme
replacement therapy (ERT) with taliglucerase alfa has been the first-line treatment
of choice for adult patients with GD in Brazil. The aim of this study was to evaluate
the long-term efficacy and safety of taliglucerase alfa in a cohort of Brazilian
patients treated at a referral center for inborn errors of metabolism. All patients who
received at least one infusion of the enzyme at the study center were considered
eligible to participate. Patients were followed for adverse effects throughout the
study period. Platelets, hemoglobin, chitotriosidase activity, bone marrow burden
(BMB) score, bone mineral density, and the Severity Score Index (SSI) were
analyzed. For patients who were switched to taliglucerase alfa from imiglucerase,
the same variables were compared before and after the switch. At 6-year follow-up,
all parameters of interest had remained stable or improved. Although the overall
rate of adverse effects was higher than in other studies, no serious adverse effects
were considered related to treatment. Based on our findings, ERT with
taliglucerase alfa is an effective and safe approach for treatment of patients with
GD.

Keywords: Gaucher disease, GBAL, taliglucerase alfa, enzyme replacement

therapy
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INTRODUCTION:

Gaucher disease (GD) is one of the most common lysosomal disorders, with
an overall frequency of 1 in 40,000 live births worldwide®; it is caused by deficient
activity of lysosomal glucocerebrosidase, an enzyme encoded by the GBA1 gene.
Accumulation of glucocerebrosides within macrophages causes malfunction and
shifts their activation profile to a proinflammatory state?, leading to symptoms such
as hepatosplenomegaly, thrombocytopenia, osteonecrosis, and, in some patients,
neurological impairment. GD is categorized into three types, according to the
presence and extent of neurological involvement: type 1 GD is characterized by no
overt neurological symptoms; type 2 GD (acute neuronopathic), by acute
neurological compromise which is fatal at an early age; and type 3 GD (chronic
neuronopathic), by neurological compromise with onset in late childhood or
adulthood.

GD was the first metabolic disorder to be treated successfully with enzyme
replacement therapy (ERT), with alglucerase, a mannose-terminated form of
glucocerebrosidase extracted from human placental tissue, first approved in 19913,
In 1995, the first recombinant glucocerebrosidase analogue was developed:
imiglucerase, expressed in Chinese hamster ovary cells*°. Twenty-five years later,
velaglucerase—a recombinant enzyme derived from human cells—obtained
regulatory approval®.

In 2010, after a worldwide shortage of imiglucerase due to viral
contamination in the production facilities”®, taliglucerase alfa, a plant-derived
recombinant enzyme which had yet to be approved at the time®®, entered
emergency use to ensure continuity of care for patients previously treated with
imiglucerase. Taliglucerase alfa was approved in 2012, and, since 2014, has
become the first-line treatment of choice for adult patients with GD in Brazil*.

The basic difference between the previous two mammalian-derived
recombinant enzymes and taliglucerase alfa is that the latter does not require
deglycosylation to expose the mannose residues in vitro'?, which both simplifies
and reduces the cost of production. On the other hand, as it is plant-derived, it can

cause more adverse reactions than mammalian-derived enzymes. In clinical

84



trials'®, taliglucerase alfa appeared to have similar safety and efficacy profiles
compared to imiglucerase®® and velaglucerase'. Cravo et al'® published a
description of a Brazilian experience with taliglucerase alfa in which patients
remained stable after switching from imiglucerase, although 85% of the patients
experienced at least one adverse effect during 3.5 years of follow-up.

Within this context, the present study was conducted to evaluate the long-
term efficacy and safety of taliglucerase alfa in a cohort of Brazilian patients with
GD.

METHODS:

This is a retrospective cohort study with a convenience sampling strategy.
Data were collected from January 2012 to January 2018 (Figure 1). The study
protocol was approved by the ethics committee of Hospital de Clinicas de Porto
Alegre, and all patients provided written informed consent.

Patients

Patients with a biochemical and genetic diagnosis of GD (types 1 or 3) who
had received at least one infusion of taliglucerase alfa at the Gaucher Disease
Referral Center of Porto Alegre, Brazil, were eligible to participate in the study.
Patients could be naive to treatment or have been previously treated with
imiglucerase. All patients had their GBA1 genotype assessed by next-generation
sequencing.

Since 2012, taliglucerase alfa has been prescribed to 18 patients at the
Center. However, only patients who had been on regular treatment with
taliglucerase alfa for more than 6 months (n=8) were included in the efficacy

analysis.
Safety

All patients who had at least one infusion of the enzyme were considered

eligible to participate in the study. Patients were followed for adverse effects
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throughout the study period (Figure 1). Adverse reactions were described and

categorized as mild, moderate, or severe according to the physician’s impression®®.
Efficacy

Severity Score Index (SSI)Y’, hemoglobin, platelets, chitotriosidase activity,
and bone parameters were assessed during the study period. For patients who had
switched to taliglucerase alfa, the same variables were compared before and after
the switch (Figure 1).

SSI, hemoglobin, platelets, and chitotriosidase were assessed every 3
months. Bone disease was evaluated in two different compartments: cortical and
medullary. Cortical disease was assessed through dual-energy X-ray
absorptiometry (DXA) measurement of bone mineral density (BMD), classified as
normal, osteopenia, osteoporosis, or reduced bone densitometry for age and
gender, in accordance with the International Society of Bone Densitometry 2015
guidelines®. Medullary involvement was assessed through the Bone Marrow
Burden score as described by Maas in 2003, where values between 0 and 4 are
mild, 5 and 8 are moderate, and 9 and 16 denote severe involvement'®. Bone
parameters were assessed during the first year of treatment with taliglucerase alfa,
and subsequently every other year or as clinically indicated (Figure 1).

Statistical Methods

Descriptive statistics were used. Sample size (n), mean, standard deviation,
standard error, and range were used for continuous variables. Number and

percentage of patients were used for categorical variables.

RESULTS:

Of the 18 patients included, 10 were male. The mean age at inclusion was
39 years (range, 14-62 years). Seventeen patients had type 1 GD, and one had

type 3 GD. Data regarding age, gender, GBAL genotype, time on imiglucerase or
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miglustat treatment before ERT with taliglucerase alfa, and whether the patient was
included in the efficacy analysis are described in Table 1.

Safety

Nine patients (50%) had at least one mild adverse reaction during treatment
with taliglucerase alfa (Figure 2). Table 2 discriminates the adverse events
experienced by each patient, together with type of intervention needed, need for
hospitalization, severity, and relation to ERT. Two patients had severe adverse
reactions: a 55-year-old man previously treated with imiglucerase and previously
diagnosed with multiple myeloma (MM), who died of complications of MM after 21
months on ERT with taliglucerase alfa; and a 62-year-old man naive to treatment
with severe hepatic failure, anasarca, and jaundice, who, after the first minutes of
infusion, developed hypotension later diagnosed as due to sepsis, progressing to
cardiogenic shock and death after 2 days. Both reactions were classified as
unrelated to taliglucerase alfa. Al4-year-old boy with type 3 GD developed a
moderate adverse reaction of anaphylaxis despite premedication with ranitidine,
loratadine, and hydrocortisone; the infusion was discontinued and hydrocortisone
and promethazine were administered intravenously, with resolution of symptoms.
This patient was described by Vairo et al in 2013%° because he had previously
developed a severe IgE-mediated adverse reaction to imiglucerase after 9 years of
treatment. He is currently receiving ERT with velaglucerase and has not
experienced further reactions.

One patient was found to be pregnant after her first infusions of taliglucerase
alfa. At the time, there were no recommendations regarding treatment with this
enzyme during pregnancy. After discussion with the patient and her family, ERT
was maintained. She was referred to a specialized hospital for prenatal care and
did not experience any complication during pregnancy. She gave birth to a healthy

baby boy through vaginal delivery at 39 weeks of pregnancy.
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Efficacy

Nine patients completed at least 6 months of treatment with taliglucerase
alfa and were included in the efficacy analysis. Hemoglobin, platelets, SSI, and
chitotriosidase activity before and after switch to or initiation of taliglucerase alfa
are displayed in Figure 3 and in Table 3. BMD results are shown in Table 4, and
BMB scores, in Table 5.

DISCUSSION:

Taliglucerase alfa was effective in our cohort. Naive-to-treatment patients
experienced improvement in clinical and laboratory parameters, while previously
treated patients remained stable after 6 years of ERT. Only one individual (patient
G) had a clinically significant decrease in hemoglobin during the 6™ month of
treatment; however, this occurred one day after delivery. Therefore, it can be
interpreted as an immediate post-partum finding unrelated to inefficiency of
taliglucerase alfa, as noticed by the catch-up of hemoglobin levels on her
subsequent blood counts.

Patient A had osteoporosis with a T-score of -3, which did not improve
despite 137 months of ERT with imiglucerase. After switching to taliglucerase alfa,
the patient remained stable, with slight improvement of T-score. Patient F was
naive to treatment and experienced improvement of BMD T-score from osteopenia
to normal after 50 months of taliglucerase alfa treatment. The other patients had
normal BMD and remained stable. This is consistent with much of the literature on
GD, which states that BMD is usually the slowest treatment target to be achieved?.
Bone marrow infiltration remained stable for most patients, as expected, because
patients who had at least two consecutive BMB measurements had already been
on ERT for over 5 years®*?*. Only patient B, a 52-year-old splenectomized woman
with history of osteonecrosis of the right proximal and distal femur and right
proximal humerus, had an increase in BMB score during ERT with taliglucerase
alfa. She presented with acute bone pain on the left proximal femur after 192

months on ERT (132 months on imiglucerase and 60 months on taliglucerase;
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mean dosage 30 IU/kg biweekly). MRI detected osteonecrosis of the left proximal
femur, increasing her total BMB score from 3 to 6. ERT dosage was then increased
to 45 IU/kg every other week.

Only 50% of the patients had adverse effects, a rate lower than that reported
by Zimran et al in 2019 and by Cravo et al in 2018. Zimran et al evaluated 17
patients prospectively over 5 years and found that 85% had at least one mild
adverse effect®, although they stated that none were related to taliglucerase-alfa
treatment according to the physicians’ impressions®. Cravo et al analyzed 35
Brazilian patients retrospectively for 3.4 years and found that 78% experienced
adverse effects. Unfortunately, this study did not establish whether adverse effects
were related to ERT™. Pastores et al (2014) followed 31 patients for 9 months and
reported that 32% of the adults (n=8) had at least one adverse effect considered
related to ERT with taliglucerase alfa®. In our cohort, the only two severe adverse
effects were considered unrelated to ERT; the treatment-related events were mild

(n=4) or moderate (n=3).

CONCLUSION:

Based on our findings, ERT with taliglucerase alfa is an effective and safe
approach for treatment of patients with GD. Platelets, hemoglobin, chitotriosidase
activity, BMB score, BMD, and SSI remained stable or improved after 6 years of
treatment. Although the overall rate of adverse effects was higher than in other

studies, no serious adverse effects were considered treatment-related.
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FIGURES AND TABLES

Taliglucerase-alfa

Before

( BMB | ( BvB | [ BMB | [ BMB |

Severity Score Index
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Chitotriosidase
Adverse Effects

Figure 1. Schematic diagram of study protocol. DEXA was performed before ERT
with taliglucerase alfa and every other year thereafter; MRI for BMB score was
performed during the first year of treatment and every other year thereafter;
Severity Score Index, hemoglobin, platelets, and chitotriosidase were assessed
every 3 months; Adverse events were evaluated throughout the study period. BMD

= bone mineral density; BMB = Bone Marrow Burden score.
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Table 1. Patients’ demographic and clinical characteristics.

Patient (yAeg?s) Gender TC)-/‘FI)De GS\?;IAylpe Im;glrzg;rgse Imlg(ljlé(;zrase J:g; Es(igt (’;/I (;glgu;it_ Tallgdltécszgrase Tal-irglerTJ?:grr;se Clg(r)rse:t E:]f;f;;i Aﬁ‘:;(;gs
(months) pre-switch (months) switch post-switch post-switch
A 56 F 1 N370S/RecNcil 138 15 0 - 30 72 30 Sz Sz
B 45 F 1 N370S/ L444P 114 15 0 - 30 70 30 + +
C 41 M 1 N370S/ RecNcil 152 15 0 - 15 40 15 + +
D 25 M 1 N370S/RecNcil 123 45 0 - 30 71 30 + +
E 32 M 1 N370S/L444P 4 15 0 - 15 72 30 1 1
F 58 M 1 N370S/N370S 24 15 0 - 15 72 15 + +
G 21 F 1 N370S/L444P 0 - 0 - 15 24 20 1 A
H 51 F 1 E349K/S366N 0 - 41 300 30 7 30 + +
| 27 M 1 N370S/L444P+A456P 238 15 0 - 15 15 + +
J 55 M 1 N370S/N370S 35 30 0 - 30 21 - - +
K 62 M 1 N370S/RecNcil 0 - 0 - 60 = = = +
L 55 M 1 N370S/RecNcil 34 15 0 - 15 - - - +
M 44 M 1 N370S/L444P 6 15 0 - 15 - - - +
N 32 F 1 N370S/L444P 16 15 0 - 15 - - - +
o 28 F 1 N370S/RecNcil 17 15 0 - 15 - - - +
P 14 M 3 L444P/L444P 108 ** 60 0 - 60 - - - +
Q 44 F 1 E349K/S366N 0 - 10 300 30 = = = +
R 29 F 1 N370S/L444P 21 30 0 - 30 - - - +
Mean 39.94 52.2 225 25.5 300 25.8 45.4 23.9

+: patient included in the analysis

- . patient excluded from the analysis

* Pregnant during ERT with taliglucerase
** 34 months with no specific treatment due to severe adverse reaction to imiglucerase
Patients highlighted in bold are naive to ERT.
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Figure 2. Prevalence and severity of adverse events throughout the study period.
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Table 2. Adverse events, severity, and relation to treatment

Patient  Adverse event Fatal IV medication Qral . . ERT Hosp|ta|_|zat|0n Severity ERT-

medication discontinued required related
G Nausea, abdominal pain No No Yes No No Mild Yes
J Progression of multiple myeloma Yes No No No Yes Severe No
K Cardiogenic shock secondary to sepsis Yes Yes Yes Yes Yes Severe No
M Hyperemia, edema (infusion site reaction) No Yes No No No Mild Yes
N Nausea, vomiting, abdominal pain No No Yes No No Mild Yes
(0] Nausea, vomiting, abdominal pain No Yes Yes Yes No Moderate Yes
P Anaphylaxis, headache, nausea, vomiting, abdominal pain No Yes Yes Yes No Moderate Yes
Q Hyperemia, edema, pruritus, respiratory distress No Yes Yes Yes No Moderate Yes
R Nausea, vomiting, abdominal pain No Yes Yes No No Mild Yes

ERT, enzyme replacement therapy.
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Figure 3. Disease parameters before and during ERT with taliglucerase alfa: 3.a)
Hemoglobin; 3.b) Platelets; 3.c) Chitotriosidase activity; and 3.d) Severity Score
Index. Each line is a different patient. Dashed blue line (Time = 0 months) marks
the initiation of ERT with taliglucerase alfa. Patients G and H (highlighted with *)

were naive to treatment.
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Table 3. Mean values of each parameter of interest at each time point of analysis. 0 months represents the initiation of
taliglucerase-alfa treatment. The last two columns are the mean values for each period (before and after taliglucerase alfa)
for the overall sample.

-72 -60 -48 -36 -24 -12 0 6 12 24 36 48 60 72 Pre- Post-
months months months months months months months months months months months months months months Tali Tali
Her?g‘;g:_‘;b'” 14.7 14.0 14.0 13.4 13.7 13.4 13.7 13.2 14.3 14.4 14.3 14.5 14.5 14.1 138 14.2
Platelets
(x109mm?) 188.5 188.6 156.3 163.2 148.9 134.5 144.1 149.5 173.1
Chitotriosidase

178.8 164.1 160.2
(nmol/h/m L) 3108.0 1630.7 6065.8
Severity Score

Index 3.0 6.0 4.0

187.2 193.4 160.6 172.3
3463.6 3911.7 7040.8 4373.6 3521.4 3330.2 2462.8 2926.0 2545.6 1171.0 920.8 4227.7 2411.1
5.0 4.0 3.0 3.5 15 3.0

2.0 3.0 2.5

1.0 1.0 4.1 2.0
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Table. 4. DEXA bone mineral density prior to switch (BMD1) and after the switch
to taliglucerase alfa, measured every +/- 2 years (BMD2, 3 and 4).

DEXA Bone Mineral Density (L1-L4)

PG\.TLI)EET _ BMD1 . BMD2 _ BMD3 _ BMD4
score) im;glr[]i:rgse Score talglrﬂieorgse Score tal?:c;lrzi;rgse Score talglrlnjﬁeorgse Score
A (T) 137 -3 21 -3.3 43 -2.6 56 -2.8
B (T) 104 0.1 28 0.9 49 0.7 NE NE
C (2 152 -0.6 2 -0.6 24 -1.4 NE NE
D (2) 114 -1.4 41 -0.4 68 -0.5 NE NE
E (2) 0 -1.57 6 0.2 28 0.3 NE NE
F (T) 16 2.3 16 -1.6 50 -1.4 NE NE
G (2) 0 -0.5 22 0.4 NE NE NE NE

NE = not evaluated

Table 5. Bone Marrow Burden (BMB) score measured during first year of ERT
with taliglucerase alfa and every 2 years thereafter.

BONE MARROW BURDEN

PATIENT

m O O T >

F

BMB1

Time on
taliglucerase

9

7

3

8

10

9

BMB2
Score Tlme on Score
taliglucerase
3 33 3
3 45 3
8 NE NE
2 23 2
12 23 12
6 21 6

BMB3
Time on
taliglucerase Score
59 3
67 6*
NE NE
NE NE
34 12
52 6

NE = not evaluated

* Femur osteonecrosis

Mild = 0-4
Moderate = 5-
Severe = 9-16

8
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Capitulo VI - Artigo 4

Molecular Genetics and Metabolism Reports 18 (2019) 30-31

journal homepage: www.elsevier.com/locate/ymgmr
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Molecular Genetics and Metabolism Reports

Correspondence
Breastfeeding in patients with Gaucher disease: Is taliglucerase alfa safe? )
Dear Editor

In 2014 [1], we shared our experience on breastfeeding and enzyme
replacement therapy (ERT) with imiglucerase in Gaucher disease (GD).
Our results were in accordance with Sekijima et al. [2], and showed that
activity of B—glucocerebrosidase in human breast milk from a patient
with type 1 GD on ERT with imiglucerase (patient 1) is much lower
than the levels of natural B-glucocerebrosidase in breast milk from a
healthy woman. There is no report in the literature regarding the use of
taliglucerase alfa (a recombinant p-glucocerebrosidase produced in
carrots cells) in breastfeeding patients with GD. Herein, we report on
our experience with this recombinant enzyme during breastfeeding.

A 20-year-old female (patient 2) was diagnosed with GD after a liver
biopsy performed due to hepatosplenomegaly (GBAI genotype: N370S/
L444P). Taliglucerase alfa 15 U/kg biweekly was initiated, following
the Brazilian Ministry of Health recommendations [3]. She was diag-
nosed as being 6-week pregnant after the seventh infusion. Since there
were no recommendations regarding the treatment with taliglucerase
alfa during pregnancy, ERT was maintained. She was referred for pre-
natal care in a specialized hospital, where she followed all re-
commendations regarding diet and vitamin supplementations, and did
not experience any complication during pregnancy. She gave birth
through vaginal delivery to a full-term healthy baby boy at 39 weeks of
pregnancy, and exclusively on-demand breastfeeding was initiated and
maintained through 10months. Patient received calcium supple-
mentation (500 mg/day) and maintained her regular infusions with a
dosage of 20 U/kg every other week.

One month after delivery, blood samples were collected before and
30 min after her scheduled infusion of taliglucerase alfa, and we did the
same analysis in blood and breast milk we have done for patient 1:
breast milk samples were collected before, immediately after and
30 min after the infusion. p—glucocerebrosidase activity was measured
in leukocytes and in breast milk as described by Peters et al. [4]
(Table 1).

https://doi.org/10.1016/j.ymgmr.2018.11.004
Received 13 November 2018; Accepted 14 November 2018
Available online 16 January 2019

Table 1

p-glucocerebrosidase activity in leukocytes and breast milk from a patient with
Gaucher disease before and after infusion of imiglucerase 30 U/kg (patient 1)
and taliglucerase alfa 20 U/kg (patient 2).

Variable B-glucocerebrosidase activity

Patient 1 (Dornelles et al. Patient 2 (Current

[1n Study)
Leukocytes (nmol/h/mg
prot)*

Before infusion 0.62 13

After infusion” 7.5 35
Breast milk (nmol/h/mL)¢

Before infusion 2 3.9

After infusion 3 7.1

30 min after infusion 4 7.2

@ Normal Range Value = 10-45 nmol/h/mg prot. Samples were collected
immediately after infusion, which has an approximate duration of 2h.

® In patient 1, collected right after infusion; in patient 2, collected 30 min
after infusion.

¢ B-glucocerebrosidase activity measured in a control milk sample was
42 nmol/h/mL.

According to our data, activity of f-glucocerebrosidase in human
breast milk from patient 2 is also much lower than the levels of natural
B-glucocerebrosidase in breast milk from a healthy woman, suggesting
that the levels of recombinant enzymes excreted in human breast milk
is very low. For this reason, we believe that taliglucerase alfa should not
be contraindicated to women with GD during breastfeeding. Actually,
we advocate that ERT should be indicated to these women, together
with calcium supplementation, since it is a period in which the need for
calcium and the bone remodeling increases [5].

2214-4269/ © 2018 The Author. Published by Elsevier Inc. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/BY/4.0/).
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Capitulo VIl — Discusséao

Neste topico, serdo discutidos em maiores detalhes alguns tépicos nédo
abordados extensivamente nos artigos.

Monitorar a infiltracdo da medula 6ssea dos pacientes com DG através de
protocolo com ressonancia magnética mostrou ser benéfica e indicar resposta a
tratamento apenas durante os primeiros 5 anos de tratamento regular com a TRE.
Apos este periodo, em pacientes aderentes ao tratamento e estaveis clinicamente
0 escore permaneceu totalmente estavel. Por este motivo e principalmente tendo
em vista que o Brasil € um pais ainda em desenvolvimento e que em muitas das
suas regifes a ressonancia magnética nao esta disponivel nem para casos de
urgéncia médica ou para casos oncolégicos, a indicacdo de realizar o exame apos
5 anos de tratamento regular é discutivel na préatica assistencial, devendo ser
rotina apenas a nivel de pesquisa, visando ndo sobrecarregar um Sistema Unico
de Saude que muitas vezes nao consegue prover o basico para seus integrantes.

A alfataliglicerase, no Artigo 3, apresentou taxa de efeitos adversos
relacionados a TRE maior do que a relatada em estudos prévios. A hipétese de
gue 0S NOSSOS pacientes sejam mais imunorreativos ou que o farmaco possa
sofrer algum tipo de mal preparo no Brasil pode existir; no entanto, acreditamos
fortemente que esta diferenca de taxas de efeitos adversos em nossa coorte
deve-se ao fato de que este estudo ndo sofre viés ou conflitos de interesse em
relagdo ao financiamento ligado a industrias farmacéuticas como os anteriores.
Acreditamos, portanto, que a real taxa de efeitos adversos em pacientes em uso
de alfataliglicerase seja a deste presente estudo.

Ainda em relacdo a alfataliglicerase, ela mostrou ser adequada para uso
como primeira linha de tratamento ndo apenas por ser eficaz e segura, mas
também quando se compara os custos de producdo destas enzimas: pelo fato de
ser produzida em células de cenoura e de ndo necessitar passar por etapas de
deglicosilacdo, o seu custo de producdo pode chegar até a metade das outras
enzimas. Esta diferenca de preco, no entanto, ndo € tdo evidente quando se

compara o preco direto ao consumidor (no caso, o Estado brasileiro): custo de
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400UI de imiglucerase = 1.620,34 reais; de alfataliglicerase = 1.525,12 reais. No
entanto, levando-se em consideracdo que cada paciente pode custar para o
Estado de 495 a 960 mil reais por ano, cada pequena diferenca no custo
individual pode representar uma oportunidade de realocamento de recursos
financeiros para ser aplicado a outros setores da saude do Brasil. Além disso,
pelo fato da alfataliglicerase ser a primeira enzima recombinante para DG
produzida no Brasil, pela Bio-Manguinhos (Rio de Janeiro/Brasil), houve ganho
em termos de aquisi¢do de tecnologia.

A decisdo em manter a TRE com alfataliglicerase durante a gestacao da
paciente com DG tipo 1 relatada no Artigo 4 ocorreu de forma conjunta com a
familia da paciente, sendo expostos riscos e beneficios tanto para a manutencao
do tratamento quanto para a suspensdo dele. A gestacdo foi acompanhada no
ambulatério de pré-natal de alto risco em hospital terciario e ocorreu sem
intercorréncias ou complicagbes agudas da DG; assim como o parto, que foi
possivel de ser normal uma vez que a paciente ndo apresentava doenca 6ssea
significativa nem esplenomegalia que contraindicassem a via baixa de parto. A
paciente, no pés-parto imediato, apresentou queda de 5 pontos de hemoglobina
(de 13,5 para 8,5 g/dL), mas ndo necessitou transfusdo sanguinea, recuperando
0S hiveis apenas com reposicao de sulfato ferroso no puerpério conforme
preconizado para todas as puérperas (em 2 meses, nova medida de Hb =
13,7g/dL). A crianca nasceu com tamanho adequado para a idade gestacional,
Apgar 9 tanto no 1° quanto no 5° minutos de vida, sem quaisquer defeitos
congénitos a ectoscopia e recebeu alta com a mde no segundo dia de vida,
recebendo aleitamento materno exclusivo. A crianca foi amamentada durante os 2
primeiros anos de vida enquanto sua mae mantinha as infusbes com
alfataliglicerase quinzenais. Atualmente, o filho da paciente apresenta 3 anos e
esta com desenvolvimento neuropsicomotor adequado para a idade. Este relato,
além de orientar manter o aleitamento durante a TRE com alfataliglicerase, traz
uma contribuicdo tanto da eficdcia quanto da seguranca da enzima durante a
gestacdo e o0 puerpério, sustentando que deve-se manter a TRE com
alfataliglicerase durante estes periodos da vida da mulher.
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Capitulo VIl — Concluséo

a) Caracterizar, por meio do célculo de escore validado (o BMB), o grau de

infiltracdo da medula 6ssea dos pacientes;

Todos os pacientes com DG avaliados neste estudo apresentaram algum
grau de infiltracdo na medula 6ssea, que mostrou correlacdo negativa com o

namero de plaquetas e positiva com a atividade da quitotriosidase.

b) Avaliar, por meio do céalculo de escore validado (o BMB), a eficacia do
tratamento especifico da Doenca de Gaucher (terapia de reposicao
enzimatica ou terapia de reducdo de sintese de substrato) em relacdo ao

desfecho infiltragcdo da medula 6ssea,;

O escore BMB tende a reduzir nos primeiros 5 anos de tratamento com
TRE e, ap0s, a permanecer estabilizado. Em contrapartida, a TRS néao foi eficaz
em reduzir a infiltracdo da medula éssea nos pacientes com DG, sendo

necessaria a troca de TRS para TRE durante o periodo do estudo.

c) Caracterizar genotipos associados a maior comprometimento 6sseo.

O gendtipo E349K/ S366N parece estar relacionado a infiltragcdo grave na
medula 6ssea e, consequentemente, acometimento 0sseo grave, e, em

contrapartida, a doenca hematoldgica e visceral leves na DG.

d) Avaliar a seguranca e a efetividade da alfataliglicerase no tratamento de
pacientes com doenca de Gaucher.

A alfataliglicerase € eficaz ao se avaliar parametros de resposta ao
tratamento hematoldgicos, viscerais e 0sseos, apresentando padrao semelhante
as respostas das outras duas enzimas presentes no mercado. Apesar de terem

ocorrido mais efeitos adversos relacionados a alfataliglicerase em nossa coorte, a
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enzima se mostrou segura, inclusive durante a gestacdo e amamentacéo, para

ser utilizada como primeira linha de tratamento no Brasil.
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Capitulo IX — Perspectivas

Este trabalho abordou duas questdes centrais na DG: o tipo de tratamento
e a avaliacdo da alfataliglicerase, com sua repercusséo de eficacia e seguranca, e
a avaliacdo do exame de ressonancia magnética para célculo do escore BMB
como forma de seguimento clinico destes pacientes.

Finalmente, este estudo traz como contribuicdo para os pacientes com DG,
para os profissionais da saude diretamente vinculados ao tratamento destes
pacientes e a comunidade cientifica: (1) o seguimento da infiltracdo da medula
O0ssea com protocolo de ressonancias magnéticas para escore BMB deve ser
realizado bianualmente em pacientes com DG até o 5° ano de tratamento com
TRE; apds, a ressonancia magnética deve ser realizada apenas em casos de nao
aderéncia ao tratamento ou no caso de instabilidade clinica e sintomas agudos da
doenca; (2) o gendtipo do gene GBALl E349K/ S366N pode estar relacionado a
acometimentos visceral e hematoldgico brandos e a manifestacdes 0sseas graves
na DG; (3) a alfataliglicerase é eficaz e segura para ser utilizada na populacao
brasileira, apesar de apresentar, em nossa coorte, taxa de efeitos adversos
brandos superiores aos vistos em outras amostras de outros estudos; e (4) a TRE
com alfataliglicerase ndo deve ser descontinuada durante o periodo de gestacéo
e de amamentagao.

Nosso grupo de pesquisa tem como perspectiva realizar a avaliacdo do
microbioma nas amostras de leite coletados durante este estudo, sendo que em
resultados preliminares, foram aventadas alteraces no microbioma do leite de
pacientes com DG pela pesquisa da Dra. Karina Colonetti, integrante deste
mesmo grupo de pesquisa. Além disso, planejamos realizar discussédo da nossa
coorte de gestagbes e da nossa experiéncia como centro de referéncia no

seguimento e tratamento destas pacientes.
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Capitulo Xl — Anexos

11.1 CARTA DE APROVACAO DO PROJETO (GPPG 110617)

HCPA - HOSPITAL DE CLINICAS DE PORTO ALEGRE
GRUPO DE PESQUISA E POS-GRADUACAD

COMISSAD CIENTIFICA E COMITE DE ETICA EM PESQUISA

A& Comizsac Cientlice @ o Comité de Ebcs em Peaguiss do Hospizl de Clinicas de Porlo SAlegre
(CEPMMCPA), que & reconheckde pela Comissdc MNacional de Etica em Pesquisa (COMEPYMS a palo
Ofice Far Human  Research Prateclions [OHRFVLISDHHS, como Institutional Review Board
(IRBOO0D0E21 ) analisaram o projela;

Projeto: 110617
Dala da Versdo do Projeto:  2B/12/2011
Data da Versdo do TCLE:  30/12/2011

Peaguisadones:

CRISTINA BRINCEMANN CLIVERNLS NETTD
ALIC1A DORMELES DORMELLES

TATIELE NALI

FILIPPE PINTE WAIAC

I0A VANERSA DOEDERALER SCHWARTZ

Titule:  Compromedimento desao na Doenga de Gaucher: avaliagio por meio de ressonindcia
magnética de pacientas do Cenirg de Relerancia do Rio Grande do Sul

Esle projeto foi APROVADD em seus aspectos &licos e melodologioes, bem camo o respecliva
Termo de Consentimeno Livre & Esclarecdo, @8 acords com 88 direlrizes @ normas nacionas e
niemacionais de FE'EI:ELIJEE. G"FIlEE. eapacialmenta as HEE-EHIJIP:I'BE 19636 a complamantaras oo Consefho
Mecional de Salda.

« Qs membres da Comissao Cientifica @ do Comilé de Elica em Pesquisa ndo parlicparam Jdo processo
de avaliagan dos projeios nos quais conslam como pesquissionas.

- Toda & quakuer aberacho do projelo, assim como 08 evenlos aoversos grawves, O8verao ser
comumcados imedatamente as CEFHCPA.

- pesguisador deverd epresantar relaidnos semasiras de acompanhaments & redabdno final ao
CEPHCPA

- Bomanta poderd ser utilizade o Termo de Consentimentn Livie e Esclarecido no qual conste o canm bae
de aprovagac oo CERHCPA,

- f':"l-;'ﬂ'm-ﬁ.laqre. 06 do janeiro do 2012
.r"f r &
Pqﬁ Madip Clausell =
Cu:rnfu:lamrﬁor PFG e CERHCPA
-
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11.2 TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO DO PROJETO
(GPPG 110617)

TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

Projeto: Comprometimento Gsseo na Doenga de Gaucher: avaliagho por meio de
ressondncia magnética de pacientes do Centro de Referfncia do Rio Grande do Sul

Pesquisador Responsdvel: Ida Vanessa D. Schwartz, Departamento de Genética da
lldwnmmbwoﬁudodo&kombmﬂ&iudoﬂmpw
de Clinicas de Porto Alegre. Rua Ramiro Barcelos 2350, Porto Alegre-RS. Tel: 51-
33598011.

Paciente:

Prezado paciente ou responsével,

Gostarfamos de convidé-lo(s) a participar de uma pesquiss que tem por
objetivo & obtengio de informagbes refereates ao comprometimento do sistema
esquelético ¢ do sistema pervoso central de pessoss com Doenga de Gaucher. Nossa
Médﬁuamu&rmumnmmmﬂiagoumdmm

huquminﬁxmaqbusjmobﬁdnmﬂm&ﬁoqmvoce(podm)
aejnmbmeddoimlhqlodcmﬁwhmméﬁadca&nio,co&mlombmqudsﬂ
¢ fémur (coxa) que seré realizada Servigo de Radiologia do Hospital de Clinicas de
Porto Alegre.

O tempo para realizaghio de cads exame junto € em tormo de 40 minutos, mas
pode demorar um pouco mais. Durante a realizagio do exame, vocd ficard deitado, sem
s¢ mexer, deatro de uma méquina chamada “asperelho de realizagho de ressondncia
mm".ammthmdnmmm&qwquunme
sus veia para realizagho da ressondncia, niio existe o risco de ocorréncia de reago
détgiu.ﬂnmw.mdpodeumdrmdporumoﬂodeopm(mdc
nnﬁoeaqlo)pormmmm‘qnhab&ah.&udemufoﬂowdnﬁnimiudopdo
mputammwpmﬁsionnmimdo.mompoduimhmmpidou
qualquer momento caso vocé nio consiga ficar o tempo todo dentro da méguina. Se
concordar em paticipar da pesquisa, vook terf de realizar trés desses exames } v
(ressoniincia magnética), com intervalo de 12 meses entre cada um deles. 3 Q
Cabe salientar que ests pesquisa ndo tem como finalidade imediata uma ‘gg
melhors pars o8 pacientes. Virios centros que cuidam de pessces com Doenga de :
Ga-churecnmcuhmqneocpaﬁmmudiwnmaoﬂndademuadaumma g
fim de que scja avaliads a quantidade de depésito de células de Gaucher que tem dentro
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doouo.mpendcwotqnmidndededepuhoedcwmoapmoawlcumw,o
ﬁpodcmmédioemdommiﬂududomédiopnbomde&udmpodemm
alteradas. mmb&npodeuuwmmcmswm.Oumdopodeﬁndnmuibuh
.mmmdhmcdeuhdocng,oannofumpodclevuw
Mmhhedodetm&upinmheﬁnﬁnOmmﬁhomﬂMopuaqum
recebs 08 resultados dos exames realizados nesia pesquisa € de sproximadamente 3
mmawmmm.ummummmmm
dmcp:uo.elesndolmdhtmwbi-ﬁomtdospeuvoc&.Voe!podeopmpornio
saber o resultado dos testes quando esics estiverem dispoaiveis.

DUVIDAS

Se voot tiver alguma dévids em relagio A pesquisa, pode conmtatar o
MmmwwmmﬁuchcwquMMm
deste Termo de Consentimento. Além disso, voos pode entrar em contato com o Comité
de Btica em Pesquiss do Hospital de Clinicas de Porto Alegre, através do telcfone 3359

8304,

AUTORIZACAO PARA PERMITIR PESQUISA DOS REGISTROS MEDICOS

Voci tem direito A privacidade. Os resultados deste estudo poderdo ser
publicados, mas o seu nome nio serfi revelado. Por meio deste termo, voct tambemy
ammqueospesquiadomuvolvidumumdomm«mmgimu
médicos a fim de obter as informagdes necessirins para a realizago desta pesquisa.

RECUSA OU DESCONTINUACAO NA PARTICIPACAO DO ESTUDO

Suupuﬁdptglonoeaudoévotun&ﬂn.&mddeci&tﬁopmldpndo
estudo, isto ndo afetar§ em pada o seu tratamento Do sew hospital. A sea participacio
podcmémurimcmmpiduqmlqwmmopwvodm(n).mqmlquu
«caso, vocé ndo serd peaalizado ().

Pebptmmwno,wddequuelodinﬁmmudo(a),dclmnlclme
detalhada, sobre a presente pesquisa, ¢ que teve suas ddvidas esclarecidas por

..amoum"'

VERSAO APROVAD

[ Y72

—&"'J';{' An06M
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. Declara ter sido esclarecido
que nio receberf penhums remuneragio financeirs ou teré custos relativos A
participacio no estudo. Declary que foi informado da garantia de receber resposts ou
csclarecimento sobre a pesquisa a ser realizada, bem como ds liberdade de nio
patticipar do estodo e da possibilidade de desisti, em qualquer momesto, da
participagio. Além disso, declara que receben cfpia deste termo de consentimento,

Data: _/_J__

Paclente/nssinatura:

Responsdvel legal'assinatura:

P sxpliquei » os objetivos, riscas,
Mdmemmwuﬁmmmmm:cmmmm
de consentimento pars 0 mesmo,

Drala: ) 4 /

Nuwe/essinutura:
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11.3 CARTA DE APROVACAO DO PROJETO (GPPG 110475)

HCPA - HOSPITAL DE CLINICAS DE PORTO ALEGRE
GRUPO DE PESQUISA E POS-GRADUAGAO

COMITE DE ETICA EM PESQUISA

O Comité de Etica em Pesquisa do Hospital de Clinicas de Porto Alegre (CEP/HCPA), que & reconhecido
pela Comissdo Macional de Etica em Pesquisa (CONEP)YMS e pelo Office For Human Research
Protections (OHRP)/USDHHS, como Insiitutional Review Board (IRB00000921) analisou o projeto:

Projeto: 110475

Data da Versdo do Projeto:  27/09/2010 Versfo do Projeto: 1.0
Data da Versdo do TCLE: 02/09/2011 Versdo do TCLE: 1.0
Pasquisadores:

10A VAMESSA DOEDERLEIN SCHWARTZ
CRISTINA BRINCKMANN CLIVEIRA NETTO
TATIAME ALVES VIEIRA,

TATIELE NALIN

FILIFPO PINTO VAIRD

Titulo: Pesquisa de Resultados na Doenga de Gaucher (GOS). Diretriz Global para o GOS

Este projeto fol APROVADO em seus aspectos éticos e metodologicos, bem como o respective
Termo de Consentimento Livre e Esclarecido, de acordo com as direfrizes @ normas nacionais
intemacionals de pesguisa elinica, especialmente as Resclug@es 196/96 e complementares do Consalho
Macional de Salde.

- D= membros do Comité de Etica em Pesguisa ndo participaram do processo de avaliagiio dos projetos
nos guals constam como pesquisadores.

- Toda e qualguer alteragSo do projeto, assim como os eventos adversos graves, deverSo ser
comunlcados imediatamente ao CEFHCPA.

- O pesquisador deverd apresentar relatérics semestrais de acompanhamento e relatdrio final ao
CER/HCPA.

- Somente poderd ser utilizado o Termo de Consentimento Livre & Esclarecide no qual conste o carimbo
de aprovacio do CEP/HCPA.

Porto Alegre, OF de malo de 2012

ne Clausell
Coarde PPG e CEP/HCPA
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11.4 CARTA DE APROVACAO DO PROJETO (GPPG 150083)

HCPA - HOSPITAL DE CLINICAS DE PORTO ALEGRE
GRUPO DE PESQUISA E POS-GRADUAGAO

COMISSAO CIENTIFICA

A Comisséio CSonﬁﬁcadoHoeplta!deClInbasdaPoﬂoAbgoanalsouopro}eb:

Projeto: 150083
Data da Versiio do Projeto:  24/02/2015

Pesquisadores:

IDA VANESSA DOEDERLEIN SCHWARTZ
FILIPPO PINTO VAIRO

TATIELE NALIN

KAMILA CASTRO GROKOSKI

TACIANE ALEGRA

ANA PAULA VANZ

Titulo: Protocolo do Reglstro Gaucher

Este projeto fol APROVADO em seus éticos, m Icos, loglsticos e financeiros

wmlhndonoHoepmdeCInmdermm. G i 5y
Esta aprovagio estd baseada nos pareceres dos respectivos Comités de Etica e do Servigo de Gestéo
em Pesquisa,

- Os pesquisadores vlnaladoenopmjetonlopamclpammdaulquermdopmmdomlqao
de seus projetos.

- Omumdméammnmummcamemwdmmmmao&um
de Pesquisa e Pés-Graduagéio (GPPQ)

Alegre, 26 de margo de 2015,

Prof. José, ro él}'f

Coorden CEP/HCPA
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11.5 ARTIGO “SERUM B2-MICROGLOBULIN IS FREQUENTLY ELEVATED IN
TYPE 1 GAUCHER PATIENTS”
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journal homepage: hitp:// www . journals. elsevier.com/molecular- gene tics-and-
metabolism-reporis/

Short Communication

Serum [3;-microglobulin is frequently elevated in type 1 Gaucher patients

@ CrossMars

Tiago Koppe *", Filippo Vairo ™, Matheus Camargo *, Livia Paskulin *,
Liane Daudt “#, Ida V. Schwartz "~"&*

4 Sichenl of Medicins, Uinhemsideds Ferderal do Bo Grands do Sul = U, Posto Alsgre, Bzl
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¥ Department of Genetics, UFRGE, Forin Alkgre, Brozil

2 ARAIN (Besi Reerarh and Advenced [mestigations in Newnmd enees) Lebarsiory, Posto Alsgre, Bzl

ARTICLE INFO ABSTRACT

Articks hichary:

Reverd 1 September 2014

Reoetverd in rewised form 28 November 301 4
Amepied 28 Novemnber 2014

Availhk online 15 December 2014

B-Micraghobulin ts the major prognastic fador inmultple myeloma, a known comabidity of Gawcher disease.
W evalwated herein serem B, -microglobuin levels of 31 type 1 Gaucher patients; for 831 patients, pre- and
post reatme nt compan sons were made. Thirteen patients [ on treatment = &) had high levels of B-microglob-
i, and showed higher chitotriosdase activity and Severi ty Score Indest and lower concentration of platelets,
than patients with normal levels. Levels of B, -miooglobulin comrelated with chi totriosidase activity [p = 0065,
== 001, platelets (p = —042; p = 0UE) and @1~ [p = @43; p= 0UE) and o2 -protein bands (p = — 040,

x'q,.l .:ﬂ.
Seerum j-mricnagkoibulin = 0B | Regarding pre- and post-tre atment values, median B-microglobulin levels decre ased after treatment
Cancher diseaze (pre- = 2931 ng'ml; post- = 1970 mg'mls g - 000 ). Owr data surgest that levels of serum B, -mioog lobulin are
Mulsiple myelama wently elevated in 1 Caucher nis, el ate with severity of the disease crease after
iple myed freq v ted i type patie ity of the d and de afe
i iy
Biomarkss D 2014 The Awthors Publi shed by Elsevier Inc This b an open aoess article under te OC BY-NC-ND license
[hittpy forea d veoommonsorgy] ioenses Ty -no-nd 3 0.
1. Introduction with higher mortality in these patents. However, apart from the

Several epidemiological studies have been reporting an increased
prevalence of multiple myeloma [MM] in type 1 Gaucher disease
(GO} [(OMIM #230B00). Using the Gaucher Registry database,
Rosenbloom et al. | 6] und a relative risk of 5.9 95% O:; 28-10.8] or
GD patients showing MM Putative explanation for these ohservations
arises from the hypothesisof chronic simulation of the immune system
by Gauchercells |B9 | Infact, individuals with chronic inflammation are
susceptible to develop MM aswell as several lymp hopmoliferative disor-
ders and malignancies |5]. There is anintense research field in this re-
gard and a constellationof humaoral and cellular surface molecules has
been found to be abnormal in GD.

Pz-Micmgobulin [beta2) is a non-covalently attached-component
of class | HLA [human leukocyte antigen) molecules, which is required
for the proper funcioning of this entire structure on the cell surface
| 3] and iz released on extracel lular fluid | 1). Beta? is the core of the In-
temational Stagng System for MM |4], being higher levels assodated

* Carespanding authar &: Medical Genetics Service, Haspital de Qinicas de Porm
Alegre - Depariment of Genesics, Universidade Federal do Rio Grandedo Sul 500:35-00%,
Parto Alegre, RS, Brazil

E-mizil apdebrems: i hwartr@hepa wfrgsr {1V, Schwarz |

hep: e doiorg/ 10001 G ymgmr 201411 08

paper by Deibener et al. | 2], who described a type 1 GD patient with
raised serum levels of beta2 which became normal after 24 months on
treatment with Alglucerase [Ceredased, Genzyme Co, Cambridge, MA,
LSA), we were not able to find any other study on beta? and Gaucher
dizease. We hypothesized that betaZ would be found in higher levels
in GD patients and could be used as a marker for the follow-up.

2 Methods

In order to prove such hypothesis we enrolled type 1 GD patients
followed at the local Reference Center for GD (Rio Gande do Sul state —
Brazil) who had no evidence of malignancy [eg., MM) in a prospective
shudy. For patients who were receiving any kind of specific treatment
for GO at inclusion [enzyme replacement therapy — ERT, or substate re-
duction thermpy — SRT; group 1) only one measurement of betaZ was per-
formed. For patients receiving no treatment at inclusion [group 2], beta2
levels were evaluated just before the onset of teatment and after a mean
of 20 months, or just at inchusion if the patient remained untreated. Beta2
values at inclusion were correlated with age at inclusion, age at onset of
treatment, Gme on treatment, ERT dosage, chitotfosidase activity, Sever-
ity Score Index (55 | 10], hemoglobin, serum ferritin, platelets, immuno-
globulins [lgA, IgE, lgG, and 1gM ). and concentrations of o l, w2, B and v

221442680 2014 The Autharz. Published by Elsevier Inc. This is an open aoes artide under the O BY-NC-ND homnse (h#p: faeavacommaons angiom ss Ay-nond/ /200
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Table1
Characterization of type 1 Gaucher patiens induded in thestudy [n = 31}
Group 1 (n=21) Group 2 (n =10)
On treatment Ma tretmentat O tregment 2
at mchesion nchusion fallow-up [n = &)

Maledemale 12 55 44
GRA D genotype

M INElA42p 14 2 2

=M IS HET IS 3 2 X

-Other 4 ] 4
Age & inchsian [yrs ) AT M99-412] 39 186-57] 438 |X23-571]
Age & onset of treatment [yrs) 167 [102-323] - 244[F-561]
Time an tregment (ma) 1085 [30-120] - 204 12-30]
Type of meatmemn

-l miglucerass P = 4

-Taligluerase alpha L] - 2

Mighi=ta L] - 2
Dexsage of ERT {1Ug/inf) 15 [15-30] - 15[15187] [n = &)
Sl smre 3[15-45] 4]3-55] 3[1-4]

Vales expressa as median | 25th-75th peroent k=] or o hee aunt. GD: Caucher disese; ERT :emmyme replace-
ment therapy; IL: |mernational Unit; inf: infusion; —: not applicble.

proteins (blood srum gel eectrop horesis), which were obtained retro-
spectively through chart review (values considered for analysis were
those obtained closest to the beta2 measurement). Patdents with high
and normal beta? levels at inclusion were also evaluated to these vari-
ables, as well as patients on treatment presenting high and normal
beta levels.

Statistical analyses were performed on SPSS 18 [ [BM®). Pearson chi-
square testswere run to com pare categorical data. For quantitative data,
nonparametric tests were wsed (Wilcoon-signed mnk and Mann-
Whitney tests, and Spearman comelation ). Values wemr expressed as
median |25th-75th percentiles] or absolute count. Alpha accepted was
005,

3. Results

Thirty-one type 1 GD patients (group 1= 21; group 2 = 10) were
included in the study [Table 1). For the whole sample, beta2 level was

2180 ng/mL| 1880-2919] [ ange = 1465-4630). Significant Spearman
correlatons were observed only between beta® and chitotriosidase ac-
Hvity [p =065, p=001; n = 31), platelets (p = —042; p=002; n=
1), and @l [(p =043, p =0.02; n= 29) and o2 protein bands (p=
—0.40; p= 003; n = 29) of blood serum gel electrophoresis. We did
not find any comelation between beta? and age at inclusion (p =
021; p = 0913; n = 31) nor differences between sexes (male beta2
median = 2191 ng/mlL |[1993-2500.5]; female = 2180 ng/mL | 1801-
3062]; p= 052).

Thirteen patients had beta2 above the reference mnge [G00-2450
ng/mL}); they are found to be less frequently on treatment, and to pres-
ent higher chitotriosid ase activity, @l concentration and 55, and lower
levels of platelets and @2, than patients presenting normal beta 2
[Table 2).

Regarding group 2, eight patients [ patients A to H) started to receive
treatment spon after the inclusion in the study [Table 1, Fig. 1). For the
whole peried of treatment, patient A is on mighistat; patients B, Dand G,

Table 2
Comparison between type 1 Cancher dissxe paiens with elevated and normal ssam & -microglobu in at inchesion.
Eleated (n = 13) Mormal {n= 18] p-Vahe
Mal=femals L] &8 052
Ageat inchesian [yrs) 325 [18-561] 284 [0 542 6] arm
Splenecomy 2 3 [IEES
| 4]3-65] 25 [1-42 w45
Patients recsiving treatment [ 15 oaza”
-Age 2 cnzstof meatment [yrs) 0 [76-35.4) 145 [i0.4-347] ]
=Time on treatment (ma) 744 [B0-1344] 108 [264-1248] [iE3 R
~Dosage of ERT [IL/kgdnf) 175 [15-338] 15 [15-20] 5o
thitotriosidase [nmaol hyml ) G [ 5130-17,113] 306 [ M7 5.5-P034.7) 4™
in (g/dL) 127 [i15-115] 133 [i2-15] wizs
Platelets [ 107 puL) 2 [E28- 1415 1388 [111.5-172] ot
Ferritin [ng/ml) 3433 | W07 31042 7] 340 7 [167 630 4] .40
Palyclonal gammopathy 3 216 [y
Seum immunaglotu lins (mgdl)
4G 1864 12431722 1262 |85 15-16355] wiss
dgA 2480 [191-375 5] 295 5 [197 7 -444] (k]
-igE 65 [28-213][n = 11} 1365 [¥35-3347) ik
Iz 2445 [145-2867] (n = 12) 162512 7-2242](n = 16) 02X
Hlood serum protein electrop haresis (gdl)
~Total pratein 78[73-43] 76[73-5] 367
-Almin 454149 A3 41-46] asT
-l 024 02 -0.31] 021 [ 16-0.25] [TiE] iy
-2 066 [ 059 -0.76] 077 [ UG5 -0.88] [Tk
+ 07 jLE3-0.77] 076 JL62-0.84] ik e
- 151 [1.35-1.73] 148 [1.01 -1.8] i+

Vahues expres sed as mesdian | 5 th-7 5th percentiles] or deolute ount. GO: Caucher disese; ERT: enzyme replacement ther-
apy; I International Uingt; ind”: infusion. Comparisons made by Pearson chi-squase or Mann-Whitney L test.

* In bakd, maisticallysignificant rewlts.
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Serum betaZ-micreglebulin (ngimL}

T T

-
B
B
B
B

Tima ar traatessnt {me)

Fig 1. Sarumfi-micaglbulin kwels in sight type 1 Caucher disense patients just before
and aferonsetof treptment. Each line represents ane patient. [axhed line represemts the
upper imit of normality (2450ng'ml) Pagens Aand F areon mighsat; pabents B, D and
G am onimighierase 151 W inf; patentE on imighierase 301 lginf; and patiens C
and H arx on talighkeraealpha 15 IL/kginf 2 fllow-up Patients A to G are treatment-
nawe. PatentH has reasived ERT fora year and had ERT inernupted for 4 months before
the inchusion in the sudy.

on imiglucerase 15 1U/kginf; and patient E, on imiglucerase 30 1%/
inf. Patent C received imiglucerase 15 I/ kgfinf for 5 months and
taligucerase alpha 15 I kg/inf after that Patient F received imighice-
rase 15 IUkgfinf for 10 months and mighistat after that; patient H re-
ceved imiglucerase 15 IU/%kg/inf for 9 months and talighicerase alpha
15 I kgfinf after that Patients A to G are treatment-naive. Patient H
has been previously treated for a year and had ERT interrupted for 4
maonths before the indusion in the study. Out of the patients who
started treatment, five had beta? levels above the reference range at in-
clusion and only one at follow-up (Fig. 1). Treatment was assodated
with a significant reduction ofbeta? levels ([median levels ofbeta? atin-
chusion = 2931 ng/ml |2068-3169); median levels of beta? at follow-
up = 1970 ng/mL | 1446-2300]; p- 00O1) [FAg. 1), and improvement
of chitotriosidase levels (B302.5 nmol/mL/h |6728.2-11,0442] vs.
2343 nmol/ml/h [1681.2-5817.7]; p < 0.02), 551 (4 |3-65] vs. 3
|1-3.7]; p = 0.02), hemoglobin (132 g/dL | 11.8-13.8] vs. 141 gidL
| 124-14.7]; p = 002), EE (139 mgMdL | 111-273] vs. 709 mgidL
|219-1832];n = 7, p = 0L02B) and IgM (2665 mg/dL [167.2-394.2]
vs 1745 megdL [123 2-306.7]; p = 0012).

When we compared all patients on treatment (n = 29; group 1 =
21; group 2 = &), we did not find any difference between the variables
analyzed [data not shown ).

4. Dismussion /mndusions

To the best of our knowledge, this is the first study to report in-
creased levels of betal in a cohort of GD patients Our data isin acoor-
dance to that by Deibener et al. |2] and suggests that higher levels of
beta? arise from untreated patients, decrease after a short period of
treatment and are associated with improvement of chitotriosid ase, 551,

IgE, IzM and hemoglobin. Therefore, ERT/SRT appears to decrease the
chmonic antigenic stimulation commonly found in GO. In addition, our
data showed that patients with higher beta2 levels had 551 platelet
levels, and chitotriosidase activity worse than patients with normal
levels ofbeta?, which suggests that it may be a biomarker of the severity
of the disease.

The moderate positive correlaton found between beta? and
chitotriosidase values may reflect increased coecpression of both pro-
teins in macrophages, or the chitotriosid ase secreted by macmophages
may stimulate other cells at distance, expressing MHC-1 molecules,
and secondarily increasing beta2, 54l o serum proteinsare a heteroge-
neous group of proteins secreted by different sources. Therefore, the
true meaning ofthe comelation found betereen beta? and these proteins
needs to be further studied.

Beta? may be notonly a putative GO biomarker but also it may have
potential thempeutic utility, because new therapies have emerged from
beta? targeting. For example, specific antibodies to beta2 have remark-
able tumoricidal activity for both solid tumaors and blood malignancies
with no toedicty to normal cells |7

Howrever, the correlation of beta2 levels with clinical endpoints of
GO, such as the risk to develop MM and mortality, needs to be add ressed
by further studies, with larger sample sizes and periods of follow-up as
well as pousing in specific o serum proteins and other biomarkers.
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Abstract

The clinical utility of 2amm femitin as a biomarker of dizsease severity and prognosis in Gaucher disease (GD) is stil
debated. Hare, we aimed to evaluate ferntin and itz relation to clinicolaboratory parameters of GO patients seen at
tha Refarance Center for Gaucher Dissasza of Rio Grande do Sul, Brazil, 20 as to gather evidence on the utility of
famitin as a biomarker of this condition. A retrospective chart review was performed collecting pre- and post-
treatmeant data from GD patients. Eighteen patientz with famitin levels available bafora and after treatment wara in-
cludad in the study. Nine of these participants ware males, and seventeen had type | GD. All patients ware given ai-
ther anzyme replacement {n =16) or substrate reduction therapy (n =2}, and ferrtin was found to decrease from 758
[318-1441] ng/mL at basaline to 521 [227-626] ng/mL (p=0.025) after 28.8 months of treatment. Semum farmritin laveals
did not comalate with measures of disease saverity, but showed an association with age at onset of treatment (p =
0.880; n=18; p = 0.001). In conclusion, athough serum ferritin did not comalate with disease severity, after a median
28.8 months of treatment, clinical outcomes had deary improved, and farritin levels had decrmaszad.

Keywords: ferritin, biomarkers, Gaucher disease, iron metabolism.
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Introduction

Gaucher disease (GD) (OMIM #230800) is a meta-
bolic disorder caused by a deficiency in lysosomal gluco-
cerebrosidase activity (EC 3.2.1.45) due to mutations in the
GBAT gene (Grabowski et al_, 2014). The worldwide prev-
alence of GD is about 1:40,000-200,000 (Poorthuis e al,
1999 Pinto ef al, 2004), and its clinical manifestations in-
clude multisystem organomegaly, pancytopenia and bone
commplications (Pastores and Hughes, 2000; Grabowski et

Send comespondenceto lda V. Doederlein Schwartz. Prograrma de
Péa-Graduagio em Genética e Biclogia Molecular, Universidads
Federal do Rio Grande do Sul (UFRGS), Hospital de Clinicas de
Paorte Alsgre. Rua Ramirc Barcelos 2350, Baimo Rio Branco,
G0035-003 Porto Alegre, RS, E-mail: iachwartz @ hopa.ufrge.br.

al., 2014), Although the mechanisms by which GEAT gene
mutations influence GD phenotype remain larpsly un-
known, the main pathogenzsis of this disonder is believed to
be the lysosomal accumulation of glucocerebmgide in
mononuclear phagocytes. This process triggers the expres-
sion of cytokines and other inflammatory molecules which,
in turn, engage other immune cells and ultimately lead toa
systemic immune response (Barak etal, 1999; Cox, 2001,
Boven et al, 2004; Liv et af_, 2012; Pandey and Grabow ki,
2013; Vairo et al, 2013; Thomas et al, 2014). Several cir-
culating molecules thought to be secreted by these lipid-
laden macrophages have been studied as biological markers
of disease burden and/or response to emzyme replacernent
thempy (ERT) (Aerts e al, 2005; Cox, 2006). In this re-
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gard, although 1yso-Ghl has recently ememzed as a promis-
ing speci fic biomarker of GD (Fuller er al, 2015), the most
frequent and consistently altersd molecules i GD have
been found to be the following: chitotriosidase (EC
12.1.14), angiotensin converting enzyme (EC 3.4.15.1),
CCLIE (P535774), tartarate-resistant acid phosphatase
(EC3.1.3.2) and serum Reiritin (SF) (PO2792 and PO2794)
(Aronson, 2005; Boot et all, 2009; Hughes and Pastores,
2013; Thomas et al, 2003, 2014), Over the past few years,
several studies have described hyperferritinemnia in GD pa-
tients and demonstrated its reduction after the initiation of
treatrnent. The first study to report hyperferntinemia over
the course of GI» was published by Momzan ef all (1983),
and since then these findings have been replicated in differ-
ent coborts worldwide (Poll e af, 2002, Grosbois et all,
2009 Saadi er al, 2000; Stein ef o, 2010; Strnemann et
al, 2000; Stirnemann e al, 2011; Mekinian ef al, 2012).
The reduction in SF exhibited by patients with GD under-
poing ERT could be indicative of a positive clinical out-
come (Stimnemann ef al, 2000, Vigan et al, 2014),
although no studies to date have ident fied a clear associa-
tion between SF levels and GD severity. In Brazilian pa-
tients, these findings have yet to be replicated. As such, the
aimn of this study was to evaluate the clinical use of SF as a
bicinarker of GD severity and/or response to treatiment in a
Brazilian cohort of GD patients.

Material and Methods

A metrospective chat review of patients with GD
treated at the GD Re ference Center of Rio Grande do Sul,
Brazil, was performed An extensive database of patients
with GD was analyzed, and all these who had at least two
mensurements of SF levels - one before and the other after
the onset of GD therapy (e, ERT or substmte reduction
therapy - SRT) — were included in the study.

Pre-treatment 5F levels were defined as the most re-
cent measurements available in the database prior to the on-
setof treatment, and post-treatment SF was evaluated based
oi the most recent measursment available for each patient
in the dataset. Hyperferritinemia was defined as 5F = 322
ngfmL in males and =291 ng/mL in females. All other vari-
ables wene matched to 5F levels by date to determine their
status as pre- or post4reatment measures, In the referral
center, the diagnosis of GD is confimmed in all cases by re-
duced glucocenshrosidase activity (ie, < 1% of normal)
it leukocytes, All patients mesived standand care, and had
their clinical history, physical examinations, lab tests and
medical imaging results reconded during routine medical
assessments,

Agthenia, abdeminal pain, bene involvement, bleed-
ing, splenomegaly and hepatome galy were evaluated based
on clinical assessments or ancillary tests recommended by
current guidelines, SS1 {Severity Score Index) was caleu-
lated on every medical visit as deseribed in Zimran et all
(1989). Quantitative variables were expressed as median

il

[25th-T5th percentiles], and cateporical variables were dis-
played as absolute frequencies, Non-parametric tests weng
used to compare pre- and post-treatinent variables and as-
sesg treatment effects. Two-tailed Wilcoxon signed-mnk
tests were used to analyze guantitative varables, while
MeMemar tests were involved in the evaluation of categori-
cal data, Additicnally Spearman correlation analyses wens
carfied out to assess the relationship between quantitative
variables and SF Al tests were performed using SP3S 18
(IBM™) and statistical significance was considered whenp
=0.05,

This study was approved by the Ressarch Ethics
Committee of the Hospital de Clinicas de Porto Alegre,
Brazil.

Results

Eighteen patients with a diagnosis of GD met inclu-
gion critetia for this study (male = 9, females = 9. GD typel
=17, GDtype M= 1). Eleven patients had a N3T0ST444P
penotype,  three  were MNITOS/MNITOS, two  were
MNIMSMRecMell, one was EIMIKSI6N and  one,
LH4PL44P. Median ape at diagnosis and treatment onset
was 39.5 years [157-51.2] and 41.1 vears [24.6-52.9], re-
spectively, Three patients had undergone splenectomy, one
had cirrhesis and none had hepatocellular carcinoma, Pa-
tients had no history of blood transfusions, although three
female patients received a short coume of iron
supplementation over the follow-up and were excluded
from the analysis of serum iron levels and transferrin satu-
mtion. Atinclusion, sixteen patients were on ERT (velaglu-
cerase alpha = 1) aliglucemse alpha = 2; imiglucerase =
13}, and received a mean dosage of 21.56 + 1221 Ulkg/inf
every 2 wesks, Additicnally, two patients wene receiving
SRT (eliglustat = |; miglustat = 1), None of the 18 partici-
pants had any other biochemical evidence of iron overd oad,
such as high trans fernn saturation,

A consistent effect of therapy was observed in com-
parison between pre- and post-treatinent chinical and labo-
mtory data(Table 1). Treatment was also associated witha
significant reduction in SF levels (Table 1), Price to treat-
ment, I4 patients (77.8%; 99 males and 59 fernales)
exhibited hyperferritinemia, including all thres splenecto-
mized patients. All fernales without hyperferd tinemia were
younger than 29 years, In the post-treatment period, 12 pa-
tents (66.7%; W9 males and 5'9 fernales) presented hyper-
ferritinemia, including all three splenectomized patients,
The subgroup of the hyperfern tinemic patients that normal-
ized SF and the subgroup that did not nommalize did not dif-
fer repanding all the other analveed variables (data not
shown). Cornelations between SF and hemoglobin, plate-
lets, alanine aminotmnsferase, lactate dehydrogenase,
chitotriosidase, and S81 were not statistcally significant
(data not shown). However, predreatment SF levels were
associated with age at onset of the treatment (p=0.880; n =
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Table 1 - Hyperferritinamis in patients with Claucher disease: pre. and post-trestnent dats_

Pre-treatment (n = 18) Post-reatment (n = 18) P
Clinical Findings:
- Abdaminal pain 11 5 0070
= Bl * 1 1 LLRIET]
« Bone inval vement 14 12 0500
- Splenamegahy® 14in =15 1fn=15 0.250
- Hepatomsegaly 11 [ 0125
- BMI (kg 238 [209-27.7) 246 [215-26.1]) 170
Hemoglobin® (gl ) 126 [11L1-13.9) 14 [11.6-15] (KT
Leukocytes (x103pl)y* 4.15 |L93-6.8) 4.9 [4.5-7) [(TE]
Plateket* {x 10340 79 |63.7-146.7) 145.5 [116-171] 00z
ALT (1L 225 [1535.7]) 27 [18-43)n =17 009
LD {IL/L 317 [M63600n = 15 295 [238368)n = 17 0.778
Chitotrisidaze® (x103) 14 [7.9-14.7) 37 |L7-5.5) 00z
el i Ly
o 7412 =15 2 [1-55)Mm =17 (X
BME score® 8.5 [45.12)n = 14 7425100 =12 0180
Serum Ferritin (ng'ml)*
= Total* 756 [315-1441) 521 [227-626| 0025
= Male* H11 [614-1544 |/n =% 5N [36%-653)/n=9 L3y
- Femals A28 [190.1174}n= 9 362 (123624l =0 0374
Transferrin sturation (95) 1914320 =& 28 [3-34)n =13 0138
Sernm izon | pefdL 56 [46-89)n = 10 91 [7299)n =13 017

Vales exprresand s meedian [25th-75th percentil es ] or absalude count, unless otherwite spec fiad; *p< 0.05 after McNenmr or Wikooxon d gned-rank est;
]!n-Eumu valoes: serum ferritin (males: 22-322 ng'mL:mi-Eamm 10-291 nggmal y; dranaferrin stofation (25-500%) and serom won (50- 170 paidL)

'Bme involyemsent was considersd wh Ll

d painypathologica | fractones without any other attributable cause, or in the presence of

inaagring evidence of bons diaaiee (eg., ofopanis on bons densiton sry). “Thies patists had undergons splensciony, “Body Mass Index (Kgfoi); <
18.5 — underweight; 18.5-24 9 —norossl welght; 25.29 9 — gverwelght and = 3 — ohestiy *Clinical Severity Score Index: (9 — mdld; 10-19 —moderste and
20 — servere, “Bone Marrow Burden soore; 0-4 — mikd; 5-8 — moderate and 9-16 —sevens,

I8: p < 0.001) and Body Mass Index (BMI) (p = 0.713;n =
14: p < 0.005).

Discussion

This study aimed to investigate the clinical use of SF
a5 a biomarker of disease severity and'of responss to treat-
ment in GO, Our results showed that hyperfemitinemia is a
common occurrence in GD, especially in untreated, older
male patients with a higher BMI Our results are also in
agreement with fndings obtained both fom general and
GD populaticns. SF levels are known to be influsnced by
sex and ape, so that reference values differ by apeand pen-
der, in addition to population characteristics, such as eth-
i city and presence of other medical comorbidities (Luxton
etal, 1977, Vicente et al, 1990; Custer et al., 1995; Koziol
et al, 2001; Pan and Jackson, 2008; Fermm ef al, 2012).
Growing evidence has shown that 5F is associated with
BMI, obesity and insulin resistance, and nonalecholic fatty
liver disease (Guglielmi et al, 2015). In additicn, several
studies have found that women, regardless of age and pres-

ence of medical comorbidities, always tend to have lower
SF wvalues than men. Additionally, premenopausal women
have dramaticall y lower SF levels than postmencpausal fe-
inales, The peaking of 5F levels in menopause has not been
associated with transfmin saturation (Koziol ef o, 2000),
but has been found to be related to hepeiding the central
peptide in iron metabolism regulation, whose levels are
very strongly correlated with those of SF (Galesloot ef al,
2001 The cutoff for hyperferntinemia varies across con-
texts, In our sample, only 55% of the women were labeled
a5 hyperferritinemic according to the cutoff points pro-
wided by the laboratory where the analyses were perfommed.
However, when the female cutoff values sugpested by the
American Association for the Study of Liver Diseases (15-
150 ng/mL} (Bacon et all, 2011} were applied to the sam-
ple, the percentage of females cateporized as hypedferri-
tinemic was found to be higher (data not shown).

The magnitude of the increase in SF levels in patients
with GD was very similar to that ohserved in a previous
study (median 756 ve. 739 ng/mL, respectively) (Mekinian
et al, 2002), but lower than that reported by Stein et all
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(20107, who found a 3.7-fold elevation above the upper
limit of normality. These differences and similarities may
be attributable to mean sample age, which was very similar
between the present study and that performed by Mekinian
etall (2002), but much lower in our sarple than in the par-
ticipants recruited by Stein et al. (20100,

Our data did not support the use of 5F as a biomarker
of GDaseverity, Previous studies have shown the same find-
s, sugpesting that SF levels may not be mfluenced by
disease severity per se, but by the number of yeams of dis-
ease activity (Le., older individuals). Low SF is pathogno-
menic of imon deficiency and can be used to detect this
condition with almoat 100% specificity. However, high SF
levels are not necessarily indicative of iron overoad
Therfore, a transferrin saturation cutoff value > 45% has
been sugpested as a good predictor of iron overload (Gilles,
2013). In inflammatory conditions, such as GD, iron be-
cones unavailable for erythropoiesis, despite adequate inon
storage levels, This phenemenon is called functional iron
deficiency and is characteristic of the anemia of chronic
disorders. So, hyperferttinemia may exist in the presence
o in the absence of o overload, and recent studies have
demonstrated macrophage iron accurnulaticn in anemia of
chromic disease (King and Weiss, 201 4). In this regard, iron
overload in inflammatory cells has also been identified in
conditions such as Parkinson’s disease, multiple sclerosis
and other neurodepenerative disorders using noninvasive
imaging methods to quantify iron levels in different tissues
(3toll and Bendszus, 2009; Bottcher ef al, 2003; Mehta et
al., 2003). The analysis of participant iren profiles showed
that transfernin saturation and serum iron levels also ap-
pearedto increase afer treatrment, although this change was
not statistically significant in our sample. Since imon defi-
ciency and iron deficiency anemnia is far more frequent in
the Brazilian population than in people from developed
countries and thistendency is reflected in Brazilian GDeo-
horts (Sobreira er all, 2007), this lack of statistical signifi-
cance could reflect a poor-iron diet. Nonetheless, taken
together these findings may sugpsst that patients under
treatment may have higher concentrations of iton available
for erythmopoiesis,

In conclusion, 5F does not appear to be a ussful
bicinarker of disease severity in GD, but can be used as a
biomarker of diagnosis and response to treatment. Treat-
ment alsoseemed to increase serum iron and trans ferrin sat-
uration levels, increasing the amount of iren available for
erythropoiesis. These findings need to be further evaluated
inorder to clarify the relation between SF and iron metabo-
lismin GI patients,
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