PRIMARY HYPEROXALURIA
WITH SPECIAL EMPHASIS ON TYPE 1

prof. dr. Johan Van de Walle, UZ Gent

The opinions expressed in this presentation and on the following slides are solely those of the presenter
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COl : PATIENT CARE

— 1978: 2nd year of medecine: girl 11 y old, on hemodialysis, died
few years later. Her sister same mutation, no symptoms
— 1987: Training in the Netherlands :
— brother and sister, terrible state
— Renal transplant : white kidney 48 hours after transplant
— 1992: Boy 6 month’s, renal failure
— hemodialysis 6 x3 hours a week
— Succesfull liver kidney transplant at 3 y
— Multiple fractures even years after transplant, persistant
mobility problems
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COl : PATIENT CARE

— Boy 6 month’s old
— GFR 25 ml/min/1,73m?
— Oxalate crystals in the eye : systemic oxalosis before CKD5
— Start dialysis 6x/week
— Boy 4 weeks old: AKI
— Hyperdense kidneys
— No hyperoxaluria (= diagnostic problem)
— 2 years 6 x/week hemodialysis
— Living related Liver transplant : died because of vascular

access problems
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COl : PATIENT CARE

— Sister of 1st patiént, 40 y, married, 2 children
— Nephrolithiasis
— Breastcancer.. Chemotherapy... next week AKI




HYPEROXALURIA :

PRIMARY /SECONDARY
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in kidney obstruction

?

Kidney International 2014 861074-1076DOI: (10.1038/ki.2014.280)



HYPEROXALURIA : INCREASED URINARY EXCRETION OF OXALATE

Primary hyperoxaluria Clinical symptoms

« autosomal recessive genetic mutation - Recurrent stones,

« overproduction of oxalate by the liver! - nephrocalcinosis,

 Three main types classified by enzyme - CKD, ESKD, and hypercalciuria

deficiency?3:
— Type 1 n=70-80% = most severe
— Type 2n=10%
— Type 3 n=~10%
« Urinary excretion:
— >1.0.mmol/1,73m2BSA
 POKx levels are >60-80 pumol/L in CKD
« Stone : >95% Caox monohydrate (whewellite)

* Clinical heterogeneity: variety in severity and
presentation between early and late onset, and
between different types

—
I
GENT — 1. Cochat & Rumsby. N Engl J Med 2013;369:649-58; 2. Rare Clinical Diseases Research Network. Available from: https://www.rarediseasesnetwork.org/cms/rksc/PH-Reqistry (accessed December 10,

2019); 3. Hoppe et al. Kidney Int 2009;75:1264-71;


https://www.rarediseasesnetwork.org/cms/rksc/PH-Registry

HYPEROXALURIA : INCREASED URINARY EXCRETION OF OXALATE

Secondary hyperoxaluria Clinical symptoms

« (Caused by increased dietary and intestinal
absorption of oxalate

* Recurrent renal stones,
* nephrocalcinosis,

) _ _ : : : 3
The enteric form is caused by intestinal disorders - CKD, and ESKD

(alteration in intestinal microfloral short bowel,
mucoviscidosis, etc)
— The dietary form is caused by excessive intake

of oxalate and oxalate precursors
— The idiopathic form is due to unknown causes??

« Urinary oxalate > 1.0 mmol//>173m? BSA

« Stones :mixed stones (whewellite and

_weddellite)
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— 1;Bhasin et al. World J Nephrol 2015;4:235-44; 2. Glew et al. World J Nephrol 2014;3:122-42; 3. Nazzal et al. Nephrol Dial Transplant 2016;31:375-82



HYPEROXALURIA :

EPIDEMIOLOGY
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PRIMARY HYPEROXALURIA: ULTRA-RARE, UNDERDIAGNOSED,

— Primary hyperoxaluria is an ultra-rare disease (1-3 cases per 1 million population), though the
true prevalence is unknown?
— Diagnosis is delayed in more than 40% of patients?
— 30-50% of all patients diagnosed have CKD or ESRD at the time of diagnosis
— ~10% of patients only receive a diagnosis after the disease reoccurs following kidney
transplantation
— Management of PH1 depends on kidney function, POx levels and rate
of progression34

N
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— CKD, chronic kidney disease; ESRD, end-stage renal disease; PH1, primary hyperoxaluria type 1; POXx, plasma oxalate.

UNIVERSITEIT 1. Cochat P, et al. N Engl J Med. 2013;369:649-658. 2. Bhasin B, et al. World J Nephrol. 2015;4:235-244. 3. Cochat P, et al.

GENT Nephrol Dial Transplant. 2012;27:1729-1736. 4. Milliner DS, et al. Available at https://www.ncbi.nim.nih.gov/books/NBK1283
(accessed March 2020).
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PATHOGENESIS
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A Unaffected person

-

B Chronic kidney disease, stages 1 to 3

“Oxalate crystal Oxalate stone

C Chronic kidney disease, stages 4to 5

Nephrocalcinosis Oxalate crystal in kidney
Bone
Heart

Tissues
Blood

D Dialysis

Bone biopsy with crystals
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GLYOXYLATE METABOLISM

Peroxisomel? Cytosol??
Pyruvate Alanine 4-hydroxy-2-oxoglutarate
\ / Glycolate
GO Pyruvate HOGA (7))
£\ v
Glycine Glyoxylate > Glyoxylate » Glycine
v \jici LDH| | GRHPR
Oxalate \ ) 5

Oxalate Glycolate

Vo

Kidney

Glycolate oxidase (GO) converts
glycolate to glyoxylate!

Glyoxylate is also formed by the
action of HOGA, which converts
4-hydroxy-2-oxoglutarate to
pyruvate and glyoxylate?

3 Most glyoxylate is detoxified by AGT

to glycine and pyruvate, limiting
oxalate production?

) Remaining glyoxylate is converted

to oxalate by GO and LDH?

. ) Glyoxylate Is also reduced to

glycolate by GRHPR; a deficiency in
GRHPR drives conversion of
accumulated glyoxylate to oxalate
by LDH?

\1 ) Oxalate produced by the liver is
I/\W Oxalate secreted into the plasma and urine?
— In urine

UNIVERSITEIT _ _ | |

GENT T AGT, alanine-glyoxylate aminotransferase; GGT, glutamate-glyoxylate aminotransferase; GO, glycolate oxidase; GRHPR, glyoxylate

reductase/hydroxypyruvate reductase; HOGA, 4-hydroxy-2-oxoglutarate aldolase; LDH, lactate dehydrogenase
— 1. Salido et al. Biochim Biophys Acta 2012;1822:1453-64; 2. Cochat & Rumsby. N Engl J Med 2013;369:649-58



GLYOXYLATE METABOLISM

Peroxisome:? Loz Mutations in genes coding for
Pyruvate Alanine Gy 4-hydroxy-2-oxoglutarate key enzymes INn the
> < ﬁ Pyruvate '\/N glyoxylate detoxification
E \I : GGT | oo pathway result
' oxylate > cine I .
Glycine Glyoxylate > a4 4 in overproduction of oxalate
\/4 Qci LDH GRHPR and PHs2
Oxalate e . PH1 is caused by
Oxalate Glycolate a deficiency of liver-specific

peroxisomal AGT
« GRHPR: PH2 Is caused

by a lack of GRHPR
‘» : PH3 results from

defects in the mitochondrial

CaOx crystal HOGA
-
i
UNIVERSITEIT
GENT — AGXT, alanine-glyoxylate aminotransferase; HOGA1, 4-hydroxy-2-oxoglutarate aldolase; PH, primary hyperoxaluria

— 1. Salido et al. Biochim Biophys Acta 2012;1822:1453-64; 2. Cochat & Rumsby. N Engl J Med 2013;369:649-58



OXALATE IS AMETABOLIC END-PRODUCT IN HEALTHY HUMANS

— In individuals with PH1, activity of the AGT enzyme is

reduced or absent!
. Pyruvate Alanine Glycolate------ Glycolate 4-hydroxy-2-oxoglutarate
— As a result, patients are unable to convert glyoxylate L | " _— \ l
to egCInel GlycineAGT GIyo\;yIate Glyoxylate Glyoxylate
" u l lGRHPR
— EXxcess glyoxylate is converted to oxalate, and v
. . . Oxalate Oxalate Glycolate
transported to the kidneys, which excrete oxalate In

Instead converted to oxylate: In urine: excess oxalate

the urinels l
— This leads to an accumulation of glyoxylate, which is _’%‘—
combines with calcium to form insoluble calcium . l
Urinary oxalate

1,3
Oxalate CryStaIS ’ Figure adapted from Cochat P & Rumsby G. 2013;2 Fargue S, et al. 2018.4
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— AGT, alanine-glyoxylate aminotransferase; GO, glycolate oxidase; GRHPR, glyoxylate reductase/hydroxypyruvate reductase; HOGA, 4-

UNIVERSITEIT hydroxy-2-oxoglutarate aldolase; LDH, lactate dehydrogenase.

GENT 1. Cochat P. Kidney Int. 1999;55:2533—-2547. 2. Bhasin B, et al. World J Nephrol. 2015;4:235-244 3. Cochat P & Rumsby G. N Engl J Med.
2013;369:649-658. 4. Fargue S, et al. J Am Soc Nephrol. 2018;29:1615-1623.



NATURAL HISTORY OF PH1

* Onset of symptoms ranges from <1 year to >60 years?

* Most symptoms present before age 10,
and occur in 85-90% of patients by age 2073

* Presenting symptoms are most often related
to nephrolithiasis and include!:

Hematuria
Abdominal pain
Urinary tract infection
Dysuria

Stone passage

e Some patients present with more severe symptoms,
such as failure to thrive in infants and ESKD in infants
through adults?

Symptoms at diagnosis range from
presymptomatic (in family members
of proband) to life-threatening

PH1 is the most devastating type
of PH, particularly when it occurs
In infancy?

Diffuse nephrocalcinosis is noted In
about one-half of patients with PH
with nephrolithiasis®>’

The majority of patients with PH
progress to ESKD3:>.7.8

UNlVERSlTElT 1. Milliner et al. GeneReviews® [updated November 30, 2017]. Available from: https://www.ncbi.nlm.nih.gov/books/NBK1283 (accessed December 2, 2019); 2. Hoppe et al. Kidney Int 2009;75:1264-71;
3. van der Hoeven et al. Nephrol Dial Transplant 2012;27:3855-62; 4. Cochat & Rumsby. N Engl J Med 2013;369:649-58; 5. Ben-Shalom et al. Pediatr Nephrol 2015;30:1781-91; 6. van Woerden et al.
Nephrol Dial Transplant 2003;18:273-9; 7. Lieske et al. Am J Nephrol 2005;25:290-3; 8. Dindo, et al. Urolithiasis 2019;47:67—78
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https://www.ncbi.nlm.nih.gov/books/NBK1283

SYSTEMIC OXALOSIS

Common Presenting Signs and Symptoms1-3

Retina? @Z

Visual disturbances Hypothyroidism

Elevated levels of UOx result in progressive kidney damage MAKING THE
PHI CONNECTION

V) Alrdany
»  UOx combines with calcium within the kidney e
twubules and in the urine 1o create calcium oxalkate

Blood vesselsP

Due to its insolubility, CaOx can crystaflise in the dapast
urinary tract, causing kidney stones, and
sometimes direct damage 1o renal tubular cells'

CaOx

- Dental pain and root resorption

In PH1, the bulld up of UOx results in recurrent

I S C h e m i a I ' urolithiasis and kidney tissue deposits causing

progressive kidney damage and — ultimately —
Kidney fallure'

C e re b ral i nfarcti O n . Anaryp\ls by renal whular cells (o digest oxalate
crystals in lysosomes can lead 1o necrosis?

» Necrotic tubular cells promote inflammation®
CUtaneous u Icers + Oxalate crystals may be present even in patients 5
with preserved kidney function® g‘e“ﬁr“?—:’-’l &

Heart block
Cardiomyopathy

» This can lead to plugging of other renal
structures, including Bellind ducts, which causes
local injury, inlammation-mediated fibrosis and
tubutar atrophy*

A CaOx dapoal o renal ubues “ B Plugged Belin duct *

PH1, prmary byparaxaluria typa 1, U0x winary avalate

1 Cochat P & Rumaby G N Eogf J Med 2013369 645-652. 2 Bhasin B, of & Workd 2 Neptin). 20154 235-244 3 Mulay S8 & Andars HJ
Nl Roy Nepheo! 2017 13226-240. 4. Worcessar EM, of 3l Am 2 Physiol Raosl Fhpsad. 2013305 FISTE- 1584

Synovitis \ ~ Peripheral nerves®
Reduced mobility |

Peripheral neuropathy

Bone marrow

Anemia refractory to
erythropoietin-stimulating agents

INTYL L= B . . . . . . | . . . . . .
JTl, un T?] 8!V0 0% patients in OxalEurope database?; °Found in 4% of patients in OxalEurope database?; cFound in 4% of patients in OxalEurope database?; “Found in 5% of patients in OxalEurope database?; eFound in 19% of patients in OxalEurope

: GENi tabase*

1. Lorenzo et al. Nefrologia 2014;34:398-412; 2. Milliner et al. GeneReviews® [updated November 30, 2017]. Available from: https://www.ncbi.nlm.nih.gov/books/NBK1283 (accessed December 2, 2019); 3. Frishberg et al. J Pediatr 2000;136:255-7;
4. Garrelfs. IPNA Congress 2016. Poster

Oxalate osteodystrophy (bone pain
and pathologic fractures)
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https://www.ncbi.nlm.nih.gov/books/NBK1283

HYPEROXALURIA RESULTS IN PROGRESSIVE KIDNEY DAMAGE

« Kidney stones : obstruction

« Crystallisation in tubuli, including Bellini ducts, which causes local
Injury, inflammation-mediated fibrosis and tubular atrophy4

« Attempts by renal tubular cells to digest oxalate crystals in lysosomes
can lead to necrosis

* Necrotic tubular cells promote inflammation
« This can lead to plugging of other renal structures,

UNIVERSIIEIT 1. Cochat P & Rumsby G. N Engl J Med. 2013;369:649—-658. 2. Bhasin B, et al. World J Nephrol. 2015;4:235-244. 3. Mulay SR & Anders HJ. Nat Rev Nephrol. 2017;13:226-240. 4.
GENT Worcester EM, et al. Am J Physiol Renal Physiol. 2013;305:F1574—-1584
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DECLINE IN RENAL FUNCTION IN PATIENTS WITH PH1

Patients May Experience a Progressive Decline in Renal Function Towards ESKD?*?

Progressive decline to ESKD with PH1
may occur over time&3

100 at ESRD
X 80T Ban SN 50% at ESRD
©
= 07 * The rate of progression to ESKD is variable!#
=
= 40T ~90% at ESRD  Regardless of renal status, acute decline
c
& 20+ \ may occur suddenly, even in previously
, , , stable disease®
0] 20 40 60
Age (y)
PH1: percentage
of patients (no. at risk) 76% (129) 43% (49) 12% (7)

— UN PR $47d Flirvival in PH1 as demonstrated in a retrospective study that included 247 patients with PH1 from the Rare Kidney Stone Consortium Registry?
— GEI\ETMiIIiner et al. GeneReviews® [updated November 30, 2017]. Available from: https://www.ncbi.nlm.nih.gov/books/NBK1283/ (accessed February 14, 2020); 2. Jamieson. Am J Nephrol 2005;25:282—

3. Hopp et al. J Am Soc Nephrol 2015;26:2559-70; 4. Hoppe et al. Kidney Int 2009;75:1264—71; 5. El-Reshaid et al. Saudi J Kidney Dis Transpl 2016;27:606—9
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HYPEROXALURIA :

DIAGNOSIS
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DIAGNOSIS

UOXx  POX

eGFR >45 mL/min/1.73 m21z2 eGFR <45 mL/min/1.73 m22
>1 mmol/1,73m?2

— As kidney function worsens, POx levels become more relevant as a marker for progression of
PH1 as they correlate with saturation levels of calcium oxalate in the blood?!:3

— UOXx levels do not capture the risk of developing systemic oxalosis, so are less useful in patients
with kidney failure?!

— POxis recommended for monitoring the risk of systemic oxalosis and initiating haemodialysis
regardless of residual kidney function in the event POx levels reach a plasma saturation of 30—
45 pmol/L3

mm— The aim of early haemodialysis is to prevent the progression of PH1 to systemic oxalosis?

UNIVERSITEIT eGFR, estimated glomerular filtration rate; PH1, primary hyperoxaluria type 1; POXx, plasma oxalate; UOx, urinary oxalate.
GENT 1. Perinpam M, et al. Clin Biochem. 2017;50:1014-1019. 2. Cochat P & Rumsby G. N Engl J Med. 2013;369:649-658. 3. Sas
DJ, et al. Urolithiasis. 2019;47:79-89.



EARLY DIAGNOSIS AND PROMPT MANAGEMENT OF PH1 IS CRITICAL?

_ _ _ _ eGFR changes upon initiation of medical management
* Renal function is often already impaired at in pediatric patients with PH1 (n=27)?

diagnosis, particularly in adults?
* Timely and correct diagnosis may delay
progression to ESKD, minimizing the risk of

oxalosis-related complications?

— Aretrospective study evaluating a cohort
of 27 pediatric patients with PH1 who presented
prior to ESKD showed how eGFR improved upon
initiation of appropriate medical management?!

—— <20 mL/min/1.73 m? decline (20/27)
250 1= ____ 20 mL/min/1.73 m? decline (7/27)

0 +————4—F—F—F—F———
0 24 48 72 96 120 144 168 192 216 240

eGFR (mL/min per 1.73 m?

Follow-up period (months)
Median age at last follow-up: 12.1 years (4.6-21.2)

Delay in beginning medical management was significantly associated with steeper
declines in renal function within the follow-up period (p=0.02; RR 1.7 [1.1-2.7] per year delay)*

UNIVERSITEIT
GENT

— 1. Fargue et al. Kidney Int 2009;76:767—73 2. Danese. ERA-EDTA Congress 2019. Poster; 3. Liekse et al. Am J Nephrol 2005;25:290-6




HYPEROXALURIA :

THERAPY
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PRIMARY HYPEROXALURIA: ULTRA-RARE, UNDERDIAGNOSED,

— Management of PH1 depends on kidney function, POx levels and rate of progression3-4
— Current therapies include:?

— Diet in primary????

— Hyperhydration

— Pyridoxine (vitamin B6)

— Intensive dialysis

— Dual liver-kidney transplant

N

i

— CKD, chronic kidney disease; ESRD, end-stage renal disease; PH1, primary hyperoxaluria type 1; POXx, plasma oxalate.

UNIVERSITEIT 1. Cochat P, et al. N Engl J Med. 2013;369:649-658. 2. Bhasin B, et al. World J Nephrol. 2015;4:235-244. 3. Cochat P, et al.

GENT Nephrol Dial Transplant. 2012;27:1729-1736. 4. Milliner DS, et al. Available at https://www.ncbi.nim.nih.gov/books/NBK1283
(accessed March 2020).



CURRENT STRATEGIES TO REDUCE OXALATE IN PH1

Hyperhydration

Consensus / evidence

minimum 3 L/m? BSA/day*?volume water —
Intake —
— Fluid intake overnight

— Gastrostomy (Necker)

Aim to improve dilution of UCaOx?

Used with potassium citrate to alkalinise

urine and prevent

crystal formation?

N

Challenges

High burden on QoL3
Continual hydration —

day and night, 7/7days

Cave deshydratation moments
may require gastrostomy especially
for overnight intaket-24

Increased fluid intake

— Enuresis, nocturia

— Disrupted sleep

May lead to poor compliance
and tolerability#

UNIVERSITEIT BSA, body surface area; UCaOx, urinary calcium oxalate; QoL, quality of life.

GENT 1. Cochat P, et al. Nephrol Dial Transplant. 2012;27:1729-1736. 2. Sas DJ, et al. Urolithiasis. 2019;47:79-89. 3. Lawrence JE & Wattenberg
DJ. Clin 3 Am Soc Nephrol. 2020;15:909-911. 4. Cochat P & Groothoff J. Pediatr Nephrol. 2013;28:2273-2281.



CURRENT STRATEGIES TO REDUCE OXALATE IN PH1

Alkalinisation

Consensus / evidence Challenges

— NaHCOa3 or Potassium citrate, — Patients may experience Gl SAE’s 3

magnesium, pyrophosphate | UCaOx — NaHCO3

crystallisation-? — Potassium citrate

— Action: form complexes with UCa to | — Gl side effects and quantity of tablets
amount of CaOx available to deposit?2 contribute to reduced adherence?

— Need for 24 hours coverage

N

i
— CaOx, calcium oxalate; Gl, gastrointestinal; UCa, urinary calcium; UCaOx, urinary calcium oxalate.
UNIVERSITEIT 1. Cochat P, et al. Nephrol Dial Transplant. 2012;27:1729-1736. 2. Milliner DS, et al. Available at https://www.ncbi.nlm.nih.gov/books/NBK1283
GENT (accessed August 2020).
3. Dion M, et al. Can Urol Assoc J. 2016;10:E347—-E358. 4. Golomb D, et al. J Endourol. 2019;33:469-474.



CURRENT STRATEGIES TO REDUCE OXALATE IN PH1

Consensus / evidence

Pyridoxine (vitamin B6)

Improves
— target

— expression of AGT,

iIng of AGT to hepatic peroxisomes,

— AGT catalytic activity*~?

Response: 230% decrease UOXx after 3
months treatment34

Only /mainly specific mutations
(Glyl170Arg or Phel52lle) respond??3

N

UNIVERSITEIT
GENT

Challenges

Gly170Arg and Phel52lle mutations
present in a third of patients®
30-50% of patients are responsive to
862’4

Only ~5% patients receiving pyridoxine
achieve normalisation of UOx®

AGT, alanine-glyoxylate aminotransferase; PH1, primary hyperoxaluria type 1; UOXx, urinary oxalate.

1. Sas DJ, et al. Urolithiasis. 2019;47:79-89. 2. Milliner DS, et al. Available at https://www.ncbi.nlm.nih.gov/books/NBK1283 (accessed August 2020).
3. Cochat P, et al. Nephrol Dial Transplant. 2012;27:1729-1736. 4. Hoyer-Kuhn H, et al. Clin J Am Soc Nephrol. 2014;9:468-477. 5. Fargue S, et al.
Biochim Biophys Acta. 2013;1832:1776-1783. 6. Hoppe B. Kidney Int. 2010;77:383-385.



CURRENT STRATEGIES TO REDUCE OXALATE IN PH1

Intensive dialysis

Current evidence Challenges
— Objective: maintain POx — Suboptimal therapy for many patients as
<30-45 pmol/L* dialysis only removes a portion of total
— Reduces systemic Ox: aim to keep POx body oxalate?
pelow saturation point for as long as — Significant burden to QoL — earlier/more
nossible?:3 intense regimens®
— Patients require haemodialysis 6 x week — Dialysis is not a cure for PH1, only a
+ peritoneal dialysis/overnight dialysis (in bridge to transplantation?3
some cases up to 15 hours
a day*
_
11T}
—_ PH1, primary hyperoxaluria type 1; POXx, plasma oxalate; QoL, quality of life; Ox, oxalate.
UNIVERSITEIT 1. cochat P & Rumsby G. N Engl J Med. 2013;369:649-658. 2. Cochat P, et al. Nephrol Dial Transplant. 2012:27:1729-1736. 3. Milliner DS, et al.
GENT Available at https://www.ncbi.nlm.nih.gov/books/NBK1283 (accessed August 2020). 4. Sas DJ, et al. Urolithiasis. 2019;47:79-89. 5. Bayoumi M, et al.

Saudi J Kidney Dis Transpl. 2013;24:254-259.



CURRENT STRATEGIES TO REDUCE OXALATE IN PH1

Dual liver and kidney transplantation

Consensus / evidence Challenges

* Liver Tx currently the only cure for PH1.: * High morbidity/mortality with liver Tx;
recommended lifelong immunosuppression®:3

« pre-emptively at CKD stage 3b to prevent * Transplanted PH1 patient survival worse
progression to systemic oxalosis!? —PH1 with long dialysis times 5 yr survival 45%?°

« Simultaneous liver/kidney Tx reduces risk of « Malighancy risk 2—4 x
rapid Ox accumulation* » Prolonged wait for dual transplantation?

* Isolated kidney Tx — rapid disease « Slow resolubilisation of systemic CaOx —
recurrence? elevated Ox levels for years after Tx? > 5

years'’

UNIVERSITEIT
GENT

CaOx, calcium oxalate; CKD, chronic kidney disease; PH1, primary hyperoxaluria type 1; Ox; oxalate; Tx, transplantation.

1. Sas DJ, et al. Urolithiasis. 2019;47:79-89. 2. Cochat P, et al. Nephrol Dial Transplant. 2012;27:1729-1736. 3. Cochat P & Rumsby G. N Engl J
Med. 2013;369:649-658. 4. Kim WR, et al. Am J Transplant. 2019;19(Suppl 2):184-283. 5. Jamieson NV. Am J Nephrol. 2005;25:282-289. 6. Burra
P & Rodriguez-Castro KI. World J Gastroenterol. 2015;21:8753—-8768. 7. Milliner DS, et al. Available at https://www.ncbi.nlm.nih.gov/books/NBK1283
(accessed August 2020).



LIVER TRANSPLANTATION CORRECTS THE METABOLIC
DEFECT AND NORMALISES OXALATE PRODUCTION

Analysis from European PH1 Transplant

Registry (N=117):

— 54% of renal graft losses were due to oxalate Patient and liver graft survival
deposition |

— 52% of deaths were due to sepsis and multi-
organ failure

Patient survival
* 86% at 1 year

_ patient  * 80% at 5 years
60 " Graft  ° 69% at 10 years

Liver graft survival
* 80% at 1 year

* /2% at 5 years

* 60% at 10 years

40

Cumulative survival (%)
N
o

0
0O 25 50 75 100 125 150 175 200

Time post-transplant (months)

UNIVERSITEIT

GENT PH1, primary hyperoxaluria type 1.
Jamieson NV, et al. Am J Nephrol. 2005;25:282-2809.



THERE IS ANEED FOR THERAPIES IN PH1

TO AVOID ANY DIALYSIS AND SYSTEMIC OXALOSIS IN CKD

TO AVOID TRANSPLANTATION

N
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NOVEL APPROACHES

Gene therapy

Replace the defective AGT gene In the bulk of the liver
Preliminary success achieved in animal studies
Not yet in humans

Oxalate binding in intestine:

No proof of concept

Oxalate degraders

Oral formulations of Oxalobacter formigenes bacteria that naturally degrade oxalate!-?
Reduce oxalate burden by promoting the movement of oxalate via gut transporter from plasma into
intestinel?

Repurposing drugs : Stiripentol: oral antiepileptic drug used in children with Dravet syndrome!

Inhibition of LDH5, the last step in oxalate production — potential in the treatment of PH12:3

—_
I

AGT, alanine-glyoxylate aminotransferase.Rumsby G & Hulton SA. Expert Opin Orphan Drugs. 2019;7(2):57—-66. 1.0xThera Pharmaceuticals, Inc. Press Release 7 November 2019.
UN IVERSITEITAvailable at https://news.cision.com/oxthera/r/oxthera-presents-full-24-month-data-for-oxabact---in-primary-hyperoxaluria-type-1--ph1--patients-wit,c2954020 (accessed August 2020). 2.
GENT Hoppe B. Expert Opin Orphan Drugs. 2013;22:177—184. 3. Rumsby G & Hulton SA. Expert Opin Orphan Drugs. 2019:7:57—66. 4. Hoppe B, et al. Presented at American Society of
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INVESTIGATIONAL RNAI THERAPEUTICS TARGET MRNA FOR KEY
ENZYMES IN OXALATE METABOLIC PATHWAY

— Lumasiran targets mRNA encoding enzyme

G O, re ducing the precursor nee de d fOr Pyruvate Alanine Glycolate ------ Glycolate 4-hydroxy-2-(;xoglutarate
oxalate formation? ool G.y;;y:: Gly%l [ Pymvat;yojylate
_ Specific for PH1 [ S l l $GRHPR
— Nedosiran targets mRNA encoding enzyme Oxalate Oxalate Glycolate
LDH, the last step in hepatic oxalate l
production? 5 4’ PR

— Has the potential to treat PH2 and PH3 in
add Itlon tO P H 1 Figure adapted from Cochat P & Rumsby G. 2013;3 Fargue S, et al. 2018.4

I AGT, alanine-glyoxylate aminotransferase; GO, glycolate oxidase; GRHPR, glyoxylate reductase/hydroxypyruvate reductase; HOGA, 4-hydroxy-2-

—_ oxoglutarate aldolase; LDH, lactate dehydrogenase; mRNA, messenger RNA; PH1, primary hyperoxaluria type 1; PH2, primary hyperoxaluria type 2;

UNIVERSITEIT PH3, primary hyperoxaluria type 3; RNAI, RNA interference.
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CONCLUSION

— Better, faster diagnosis in all patients
— Existing therapies fall

— Innovative therapies hold a lot of promises
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