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Classical males vs other Fabry patients
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ERT: agalsidase Chaperone: migalastat

For all Not for all: amenability
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Diagnosis and treatment

Diagnosis and treatment of Fabry disease™ @ ——

Diagndstico y tratamiento de la enfermedad de Fabry

Alberto Ortiz *-**, Maria Dolores 5anchez-Nifio "

Carta al Editor

Diferencias entre agalsidasa « y agalsidasa 2 en
el tratamiento de la enfermedad de Fabry

Differences between agalsidase o and agalsidase B in the Reply™
treatment of Fabry disease

, Respuesta
Sr. Editor:
Jordi Péerez-Lopez Dear Editor,

Alfonso Dominguez Gil-Hurlé
Monica Lopez Rodriguez
Med Clin (Barc). 2017 Sep 20;149(6):270 Med Clin (Barc). 2017 Sep 20;149(6):271-272.




 What is known about enzyme activity?

“agalsidasa alfa y agalsidasa beta no son moléculas identicas vy,
consecuentemente, sus regimenes optimos de dosificacion son
distintos ™

“La agalsidasa alfa tiene un menor contenido de acido sialico y de
manosa-6-fosfato, lo que le confiere un patron de glicosilacion
mas parecido al humano”

Pérez-Lopez J et al. Med Clin (Barc). 2017 Sep 20;149(6):270



Ambas son proteinas recombinantes humanas

“agalsidasa alfa y agalsidasa beta no son moléculas idénticas vy,
consecuentemente, sus regimenes optimos de dosificacion son
distintos ” Pérez-Lépez J et al. Med Clin (Barc). 2017 Sep 20;149(6):270

Dose-finding studies and approved dose
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Ortiz A, Sanchez-Nifio MD. Nephrol Dial Transplant. 2018 Apr 18. doi: 10.1093/ndt/gfy089. [Epub ahead of print]
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“La agalsidasa alfa tiene un menor contenido de acido
sialico y de manosa-6-fosfato, lo que le confiere un

patron de glicosilacion mas parecido al humano.” Pérez-
Lopez J et al. Med Clin (Barc). 2017 Sep 20;149(6):270

Ortiz A. Med Clin (Barc). 2017 Sep 20;149(6):271-272.



« What is known about enzyme activity?

e And about enzyme antigenicity?

“y a diferencia de la agalsidasa-beta, (alfa) no contiene acido
N-glicolilneuraminico (reconocido xenoantigeno causante de

reacciones inmunes y de procesos inflamatorios cronicos)”
Pérez-Lopez J et al. Med Clin (Barc). 2017 Sep 20;149(6):270

If this were true:

a) Other CHO-generated proteins would generate Ab in 40-80% of
patients, e.g. EPO

b) Ab would develop in both males and females

¢c) And would not be cross-reactive
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More than 30 years of human recombinant EPO

The Lancet - Saturday 22 November 1986

EFFECT OF HUMAN ERYTHROPOIETIN

DERIVED FROM RECOMBINANT DNA ON THE
ANAEMIA OF PATIENTS MAINTAINED BY
CHRONIC HAEMODIALYSIS

CHRISTOPHER G. WINEARLS' DESMOND O, OLIVER?

MARTIN J. PIPPARD? CECIL REID?
MiICHAEL R. DOWNING* P. MARY COTES?

https://en.wikipedia.org/wiki/List_of leaders_of the_Soviet_Union#/media/File:RIAN_archive_359290_ Mikhail_Gorbachev.jpg Winearls CG, et als. Lancet. 1986 Nov 22;2(8517):1175-8


https://cdn.cnn.com/cnnnext/dam/assets/150512151149-ronald-reagan-1984-exlarge-169.jpg
http://www.abc.net.au/news/image/3980674-3x4-700x933.jpg

Evidence suggests lack of endogenous protein rather than xenoantigens
as cause for antibodies

“Ambas moléculas tienen, por tanto, distintos perfiles de
Inmunogenicidad, que explicaria una menor formacion de

anticuerpos 1gG contra el farmaco en el caso de la agalsidasa alfa 2.”
Pérez-Lopez J et al. Med Clin (Barc). 2017 Sep 20;149(6):270

Vedder AC et al. PLoS One. 2007;2:e598
* RCT open-label comparison of 34 patients with FD treated with either agalsidase-alfa or
agalsidase-beta each at 0.2 mg/kg EOW over 12 and 24 months
« Among other endpoints of the study, anti-agalsidase antibodies developed in:
- 4/8 males with agalsidase-alfa
- 6/8 males with an unapproved dose of agalsidase-beta
- p = 0.30, Chi Square, p = 0.60, Fisher exact test

No females developed antibodies
Bibliografia

1. Togawa T, Takada M, Aizawa Y, Tsukimura T, Chiba Y, Sakuraba H. Compara-
tive study on mannose 6-phosphate residue contents of recombinant lysosomal
enzyvmes, Mol Gepet Metab, 20714:111:369-73

2. Vedder AC, Linthorst GE, Houge G, Groener JE, Ormel EE, Bourma B], et al. Treat-
ment of Fabry disease: Outcome of a comparative trial with agalsidase alfa orbeta

EOW, every other week at a dose of 0.2 me'ke. PLoS One. 2007-2:2508.

The recommended dose of Fabrazyme is 1 mg/kg body weight administered once every 2 weeks as an intravenous infusion.

Fabrazyme SmPC 2017
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» Evidence suggests lack of endogenous protein rather than xenoantigens
as cause for antibodies

Lenders M et al. J Am Soc Nephrol 2016;27:256-264: serum-mediated inhibition
» To determine the agalsidase inhibition status of 168 patients (68 male) with FD, outcomes of
inhibition-positive patients were compared with those of inhibition-negative patients

Males, main risk factor was nonsense mutation:
Nonsense in 6/23 (26.1%) patients without serum-mediated inhibition
Nonsense in 13/18 (72.2%) patients with serum-mediated inhibition
p<0.01

Inhibition did not depend on the initial ERT compound initially used
(agalsidase-alfa or -beta)

No females developed antibodies

EOW, every other week
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190G

*Develop in patients treated with
agalsidase alfa or agalsidase betal2?

*Ab cross-reactive: agalsidase alfa and
agalsidase betal?3

419G less frequent in protein positive and females

Nakano S et al. PLoS One. 2015;10:0128351

Linthorst et al. Kidney Int 2004;66:1589-95

Goker-Alpan IMD Reports - DOI 10.1007/8904_2015_483

Lenders et al. J Am Soc Nephrol 27: 256-264, 2016. doi: 10.1681/ASN.2014121226
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« What is known about enzyme activity?

* And about enzyme antigenicity?

 What do experts think?



What's in a Fabry prescriber’s mind?
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How were patients distributed between Agalsidase-alfa 0.2
mg/kg/2weeks and Agalsidase-beta 1.0 mg/kg/2 weeks in a recent
multicenter observational study?

o Academic Medical Center, The Classical men
Netherlands; 60 (% out of total treated

e Royal Free London NHS population with each ERT)
Foundation Trust, UK 50

e University Hospital Wuerzburg, p<0.001
Germany 0

e Cohort 1b, CFDI, Canada
P The correct
]"esponse IS

30

20

R :. 4 Agalsidase alfa Agalsidase
— beta

Arends M et al. J Med Genet Published Online First: 07 February .. -.~iob/jmedgenet-2017-104863



Ab: Does It matter?

Agalsidase alfa Agalsidase beta
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Lyso-Gb3 Promotes Podocyte Stress
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What Is known about enzyme activity?

And about enzyme antigenicity?

What do experts think?

What did we learn from the shortage?
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Dose and the shortage: impact of switching back to agalsidase beta
1.0 mg/kg/EOW

Kramer et al
Change Regular dose
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Ortiz et al. Nephrol Dial Trasplant 2018. Elaborated with data from:
Kramer J et al. Nephrol Dial Transplant 2017 Nov 23. doi: 10.1093/ndt/gfx319. [Epub ahead of print]
www.fda.gov/ohrms/dockets/ac/03/briefing/3917B2_01_TKT%20Replagal%20Background%20.pdf



Nephrol Dial Transplant (2018) 1-6
doi: 10.1093/ndt/ gfy089 n

Nephrology Dialysis Transplantation

Enzyme replacement therapy dose and Fabry nephropathy

Alberto Ortiz!? and Maria Dolores Sanchez-Nino™?

]Deparnnent of Nephrology and Hypertension, IIS-Fundacion Jimenez Diaz, School of Medicine, UAM, Madrid, Spain and REDINREN,
Madrid, Spain
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Ortiz A, Sanchez-Nifio MD. Nephrol Dial Transplant. 2018 Apr 18. doi: 10.1093/ndt/gfy089. [Epub ahead of print]
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Long-Term Dose-Dependent Agalsidase Effects on Kidney
Histology in Fabry Disease
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What Is known about enzyme activity?
And about enzyme antigenicity?
What do experts think?
What did we learn from the shortage?
1. RCT

What about severe clinical events? 2. Registry data
3. Meta-analysis



Severe clinical events in phase IV RCT

Agal-p 1.0 Phase IV RCT
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Not signiticant
Sample size 114  Estimated sample

size 600
Data from Banikazemi et al, Ann Intern Med 2007,
West et al, http://garrodsymposium.com/garrod2016/posters/#p104; accessed July 18, 2016 and clinicaltrials.gov
Figure from Ortiz et al, Med Clin 2017



1. RCT

2. Registry data



ERT at 1 mg/kg/2 weeks with agalsidase beta was associated with a decrease in
incidence of severe clinical events* AFTER 6 months of treatment

Fabry registry  Median age at start ERT: 40 years = late!!
data: 1044

patients

Non-classical mutations
excluded from analysis!

* severe clinical events were defined as:

. Ortiz at al J Med Genet. 2016 Jul;53(7):495-502.
death , renal, cardiac event or stroke.



ERT at 1 mg/kg/2 weeks with agalsidase beta was associated with a decrease in
Incidence of severe clinical events* AFTER 6 months of treatment

Fabry registry ~ Median age at start ERT: 40 years = late!!
data: 1044 _ o _
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* severe clinical events were defined as:

. Ortiz at al J Med Genet. 2016 Jul;53(7):495-502.
death , renal, cardiac event or stroke.



ERT at 1 mg/kg/2 weeks with agalsidase beta was associated with a decrease
In incidence of severe clinical events* AFTER 6 months of treatment

Fabry registry  Median age at start ERT: 40 years = late!!
data: 1044 o
patients 1007 Lower incidence rate

140 ' after 6 months of ERT
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* severe clinical events were defined as:

. Ortiz at al J Med Genet. 2016 Jul;53(7):495-502.
death , renal, cardiac event or stroke.



“echamos en falta
los resultados
publicados en
mas de 3.000
pacientes tratados
a largo plazo (15
anos) con
agalsidasa-alfa

a la dosis aprobada y
que apoyan los
beneficios del
tratamiento tanto en
la progresion del
dafio renal como
cardiaco y que,
ademas, evidencian
su efecto beneficioso

sobre la morbimorta-
lidads3.”

Molecular Genetics and Metabolism Reports 3 (2015) 21-27

Contents lists available at ScienceDirect
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journal homepage: http://www.journals.elsevier.com/molecular-genetics-and-

FOS data were extracted for 740 —_—

treated patients who were W
followed for a median of ~ 5 years

cement in Fabry

Michael Beck =¥, Derralynn Hughes ”, Christoph Kampmann =, Sylvain Larroque , Atul Mehta b,
Guillem Pintos-Morell ¢, Uma Ramaswami °, Michael West ¢, Anna Wijatyk ’, Roberto Giugliani &,
the Fabry Outcome Survey Study Group

* University Mediaal Center, University of Mainz, Department of Paediatrics, Mainz, Germany

B Royal Free London NHS Foundation Trust, University College of London, UK

© Shire, Zug Switzerland

¢ Department of Pediatrics, University Hospital "Germans Trias i Pujol,” Badalona, Universitat Autbnoma de Barcelona Spain
¢ Department of Medicine, Dalhousie University, Halifax, Nova Scotia, Canada

f Shire, Lexington, MA USA

® Medical Genetics Service HCPA/Dep Genet UFRGS and INAGEMP, Porto Alegre, Brazi

ARTICLE INFO ABSTRACT

Article history: Outcomes from 5 years of treatment with agalsidase alfa enzyme replacement therapy ( ERT) for Fabry disease in
Received 12 February 2015 patients enrolled in the Fabry Outcome Survey (FOS) were compared with published findings for untreated pa-
Accepted 12 February 2015 tients with Fabry disease. Data were extracted from FOS, a Shire-sponsored database, for comparison with data

Avalizhle online: 5 March 2015 from three published studies. Outcomes evaluated were the annualized rate of change in estimated glomerular

filtration rate (eGFR) and left ventricular mass indexed to height (LVMI) as well as time to and ages at acompos-

gg:;”;f;a - ite morbidity endpoint and at death. FOS data were extracted for 740 treated patients who were followed for a
Enzyme replacement therapy median of ~ 5 years. Compared with no treatment, patients treated with agalsidase alfa demonstrated slower de-
Agalsidase alfa cline in renal function and slower progression of left ventricular hypertrophy. Treated male patients with base-

Long-term effectiveness line eGFR <60 mL/min/1.73 m? had a mean (standard error of the mean [SEM]) annualized change in eGFR of
—2.86 (0.53) mL/min/1.73 m?/y compared with — 6.8 (1.5) in the published untreated cohort. The mear
(SEM) rate of LVMI increase with treatment was 033 (0.10) g/m*’/y in males and 0.48 (0.09) in females, com-
pared with 4.07 (1.03) in untreated males and 231 (0.81) in untreated females. Morbidity occurred later in treat-
ed patients, with ~16% risk of a composite morbidity event (26% in males) after 24 months with ERT versus ~45%
without treatment, with first events and deaths also occurring at older ages in patients administered ERT
(e.g, estimated median survival in treated males was 77.5 years versus 60 years in untreated males). Findings
from these retrospective comparisons of observational data and published literature support the long-term ben-
efits of ERT with agalsidase alfa for Fabry disease in slowing the progression of renal impairment and cardiomy-
opathy. Treatment also appeared to delay the onset of morbidity and mortality. Interpretation of these findings
should take into account that they are based on retrospective comparisons with previously published data.

© 2015 The Authors. Published by Elsevier Inc. This is an open access artidle under the CC BY-NC-ND license
(http://creativecommons.org,/licenses/by-nc-nd /4.0/).
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1. RCT

2. Registry data

3. Meta-analysis



“Tampoco hacen ninguna referencia a una reciente revision sistematica
del grupo Cochrane, en la que se concluye que tras revisar todas las
evidencias publicadas de los ensayos con ambos TSE, no se ha
Identificado superioridad de uno sobre el otro a las dosis aprobadas*.”

Bibliografia

1. Togawa T, Takada M, Aizawa Y, Tsukimura T, Chiba Y, 5akuraba H. Compara-

tive study on mannose 6-phosphate residue contents of recombinant lysosomal
enzymes. Mol Genet Metab. 2014;111:369-73.

Vedder AC, Linthorst GE, Houge G, Groener JE, Ormel EE, Bourma B], et al. Treat-
ment of Fabry disease: Outcome of a comparative trial with agalsidase alfa orbeta
at a dose of 0.2 mg/kg. PLo5 One. 2007 ;2:2508.

Beck M, Hughes D, Kampmann C, Larrogue 5, Mehta A, Pintos-Morell G, et al.
Long-term effectiveness of agalsidase alfa enzyme replacement in Fabry disease:
AL , — 2 = . | iC .79 7

no

El Dib 4

El Dib R, Gomaa H, Carvalha RP, if-arr.argcn SE, Bazan R, Barretti P, et al. Enzyme
replacement therapy for Anderson-Fabry disease. Cochrane Database 5Syst Rev.
2016;7:CDO06663.

5. West M, Bichet DG, Casey R, Clarke |1, Iwanochko M. Rhan K, et al. Lanadian

Fabry Disease Initiative Study { CFDI): 8 year outcomes of a randomized controlled
trial of enzyme replacement therapy (ERT) [consultado Ene 2017]. Disponible en:
http://garrodsymposium.com/garrod 2016/ postersi#p104
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ERT and hard outcomes: fresh news!

Enzyme replacement therapy for Anderson-Fabry disease: A complementary overview of a
Cochrane publication through a linear regression and a pooled analysis of proportions from
cohort studies

Comparison of the plotted proportional meta-analysis, according to ERT regimens, for
severe complications
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I et al. PLoS One. 2017 Mar 15;12:0173358



Take home message

1. Therapy for all (ERT) vs therapy for
some (oral chaperone)

2. Key driver of antibody responses is severity of mutation
3. ERT dose-response for lyso-Gb3 and nephropathy

4. Agalsidase beta 1.0 mg/kg EOW associated with lower
events rate in placebo-controlled RCT, large registry
databases and meta-analysis






Incidence rates of severe clinical events per 1000 patient years while on
agalsidase beta: higher risk populations
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Ortiz at al for the Fabry Registry, J Med Genet 2016
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