Amyloidose

Ontwikkelingen in diagnostiek en behandeling

NVVAKI — Nascholingsdag — 17 januari 2020
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Disclosure belangen spreker

» Een adviserende rol bij Pfizer en Alnylam
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Transmission Polarized light
electron microscopy microscopy

Further assembly of protofilaments

Gillmore, Thorax 1999 Merlini en Bellotti, 2003 s




Amyloidose

» Groep van eiwitvouwziekten gekarakteriseerd door de
extracellulaire depositie van Amyloid.

» Amyloid depositie kan opireden in verschillende weefsels en
organen met als gevolg orgaandisfunctie en -falen
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amyloid fibril

; deposition in various Organs
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clonal proliferating B-cell aggregation
releasing FLCs prone FLC
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Dissociation and c-terminal misfolding and
cleavage of monomers aggregation

—>

aggregation prone
elevated SAA1 concentration truncated
due to underlying chronic monomer
inflammation




Herkennen van patronen

» Awareness is crusiaal voor het vroegtijdig stellen van de diagnose

» Klinische verdenking bij:

» Proteinurie of achteruitgang nierfunctie in patiént met chronische inflammatie of plasmaceldyscrasie (M-

proteine/VLKs)

» Organomegalie of orgaandysfunctie in een patiént met chronische inflammatie of plasmaceldyscrasie (M-

proteine/VLKs)

» Niet anders verklaarde organomegalie of orgaandisfunctie in >1 orgaan
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» Oudere man met CTS en hartfalen met behouden kamerfunctie
» Hypertrofische cardiomyopathie met laagvoltage ECG

» Familielid met erfelike amyloidose

» NB: amyloid vaak een onverwachte bevinding van de patholoog! 33
&

GrACE



Diagnostisch proces

Klinische verdenking

\

Amyloid met zekerheid aantonen

Het amyloid typeren

V

Vaststellen van het onderliggende
Ziekteproces. Bepalen spiegel
precursoreiwit.

\

Uitgebreidheid en ernst in kaart brengen

Behandeltraject/follow-up %

GrACE
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= Follow-up parameters




Amyloid aantonen

» Lichtmicroscopie:

» Eosinofiel, amorf materiaal
gelegen tussen cellen en in
wand van bloedvaatjes

» Congo rood positief materiaal
met appeltjesgroene
dubbelbreking in gepolariseerd
licht

» Electronenmicroscopie: niet
vertakkende fibrillen van
willekeurige lengte
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Buikvetaspiraat

Sensitivity (%)
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Amyloid typeren
Immunochemical typing of amyloid found in fat tissue

immunohistochemisch

> K|€UI’Ing bIOpTeﬂ Immuno-
chemistry Anti-AA Anti-TTR Anti-k Anti-A
» Befrouwbaar voor AA panel - - - -

» Acceptabel voor ATIR

. . AA >21.0 ng/ TTR >7.44 ng/ /A >7.0 /A <0.49
> Vack nief conclusef voor AL

» ELISA panel
Ce] [o] ] L]

Proteomics (laser microdissectie + MS)

Congo red
grading
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Skeletscintigrafie/SAP-scan: patroon van
orgaanbetrokkenheid

PPV / NPV
%

“ E
97 99 97

Genetisch onderzoek

» Genpanel: 0.a. TIR, ApoAl, ApoA2, AFib,
AGel

If this is the only result:

Typing of fat tissue is not successful, so
(immuno)type a biopsy of other tissue

Bijzet J, et al. Surgical Pathology and Clinical Correlations. 2015
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Typering: laser dissectiemicr. + massa spectrometrie

# Accession
1 ALBU_HUMAN 69 kDa
2 APOE_HUMAN 36 kDa
3 VINC_HUMAN 54 kDa
4 KAC_HUMAN 12 kDa
5 APOA4_HUMAN 45 kDa
6 SAMP_HUMAN 25 kDa
7 C4BP_HUMAN 67 kDa
8 HBB_HUMAN 16 kDa
9 CLUS_HUMAN 52 kDa
10 CO6A3_HUMAN 344 kDa
11 APOA1_HUMAN 31 kDa
12 CO9_HUMAN 63 kDa
13 TRFE_HUMAN 77 kDa
14 HBA_HUMAN 15 kDa
15 CO3_ HUMAN 187 kDa

Control

100% (36)
100% (19)
100% (13)
100% (7)
100% (15)
100% (8)
100% (11)
100% (4)
100% (10)
100% (6)
100% (7)
100% (5)
100% (7)

100% (3

Relative Intensity

100% (35)
100% (17)
100% (13)
100% (8)
100% (19)
100% (9)
100% (10)
100% (8)
100% (7)
100% (13)
100% (5)
100% (5
100% (
(

)
)
)

100% (36)
100% (18)
100% (17)
100% (7)
100% (17)
100% (9)
100% (12)
100% (9)
100% (8)
100% (17)
100% (9)
100% (5)
100% (9)
100% (4)
100%

2,134.96 AMU, +2 H (Parent Error: 0.42 ppm
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Blood. 2009 Dec 3;114(24):4957-9.
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Vaststellen onderliggende ziekteproces

» AlL-amyloidose:
» BM-diagnostiek: plasmaceldyscrasie
» Precursoreiwit: VLK lambda of kappa, M-proteine

» Erfelike amyloidose
» Genetisch onderzoek: mutatie
» Precursoreiwit: afhankelijk van betrokken gen
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» AA-amyloidose:
» Onderliggende inflammatoire proces
» Serum amyloid A
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START: New patient with AA amyloidosis

Positive family history or suggestive presentation:

Tissue positively stained with Congo red and green birefringence or typical fibrils
genetic testing

(electron microscope)

Immunohistochemistry with anti-AA is positive or proteomics showing AA amyloid to
be present

No histologic and serologic (FLC) evidence for another amyloid type (i.e. AL, ATTR)
Still no obvious underlying inflammatory process

Periodic fever: FMF, TRAPS, CAPS, HIDS/MKD (and
serum IgD), PAPA

Infection: CVID, congenital neutropenia, XLA
Other: GSD, PAP, CF, PCD

¢ Travel history / country of origin

CORE: Basic diagnostic approach
Infections depending on region, see: www.cdc.gov

Complete and detailed history; including family history, country of origin, travel Mediterranean ancestry: testing for FMF

history, risky sexual behavior, drug abuse, animal contacts
Complete and thorough physical examination; including mouth and dental Drug history / risky sexual behavior
inspection, meticulous skin inspection, joint examination, and BMI
Routine blood tests: CRP, SAA, ESR, Hb, MCV, thrombocytes, leukocytes with - Serological testing HBV, HCV, HIV
differential count, creatinine, eGFR, ASAT, ALAT, AF, GGT, LDH, ferritin, calcium, uric - Consider skin popping / infection
acid, albumin, NT-proBNP, Troponin, FLC, IgM, IgG, IgA, and M-protein
Urinalysis, microscopic urine sediment, and 24h proteinuria

Chest X-ray, abdominal ultrasound

TBC skin test or interferon gamma assay. < Genetic testing on PCD, PAP, CF, CVID, CGD

Q * - Immunoglobulins, C3/C4, HIV

Rheumatic symptoms Pulmonary symptoms Abdominal symptoms

Recurrent infections

Arthritis: X-rays hand/feet - Anti-CCP, RF, ANA, ENA, ANCA - Pain: pyelogram, CT abdomen

anti-CCP, RF, ANA, ENA, ANCA - HRCT - Inflammatory bowel symptoms: gastroscopy and
Inflammatory back pain, SPA: X-ray or - Genetic testing on PCD, PAP, colonoscopy

MRI of Sl-joints CF, CGD on indication - Abnormal liver function: HCV, HBV

Joint fluid analysis - BAL - Duodenum biopsy for Whipple's disease

Elderly headache/vision loss: arteritis - Lung function tests - AMA, pANCA, AECA, tTG-IgA

temporalis biopsy - Jejunum biopsy for celiac disease

\ 4

EXTENSION: Inflammation without localizing symptoms
or diagnostic clues, consider:

DDWN U/A @punisesuss) auialu| Bulleply

MRI neck, thorax, and abdomen

Whole body PET CT

Biopsy of bone marrow, liver, lymph node
Blood cultures, tissue cultures

TPHA, 1gG4, C3/C4




Ernst en uitgebreidheid

» Hart: NT-proBNP, Troponine T, ECG, echo: wanddikte, MRI, botscan
» Nieren: proteinurie, albumine, kreatinine klaring, echo, SAP-scan

» Lever: alkalische fosfatase, GGT, Totaal bilirubine, echo:

DDWN U/A @punisesuss) auialu| Bulleply

levergrootte, fibroscan: elasticiteit, SAP-scan
» Milt: howell jolly lichaampijes, echo, SAP-scan

» /enuwstelsel: EMG, QST, Autonoom functieonderzoek, serum

neurofilament light chain
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Casus

Afdeling Interne Geneeskunde v/h UMCG

Ihkv van de AVG is deze dia verwijderd.
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Casus
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Casus
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Buikvetaspiraat: 26-7-2017 20-12-2018
Ref.bereik en eenheden 19:10

ALGEMEEN
Serum amyloid A (Biopt) Laatste Bereik: 0 - 12 ng A&/ mg vet 22721 0 *
Congo Rood vetbiopt (Biopt) Laatste Bereik: Neg +4+4+




Basisprincipe behandeling
Groninger Gootsteenmodel

A. Amyloid growth
B. Amyloid breakdown
C. Amyloid load
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Doel van behandeling:
A=0 of A<B

Leven met C
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Behandeling AL-amyloidose

misfolding of V — aggregation of
domain vdDa V, domains
Ay

sl

clonal proliferating B-cell aggregation
releasing FLCs prone FLC

4 » Behandeling met immuno/chemotherapie gericht tegen plasmacelkloon

» Sterke relatie tussen de diepte van de hematologische respons en
verbetering van orgaanfunctie

» Kwetsbare patiénten > 2
))
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Cohort 1964-1985 "Cohort 1990-2003 Cohort 2008-2016

2-year OS (%)
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Months from diagnosis Rutten et al. Amyloid 2018; 25, 227-233.




Behandeling AA-amyloidose

misfolding and

aggregation

aggregation prone
truncated
monomer

» Behandeling gericht op verlagen SAA naar normale waarden (<4mg/l)
» Behandeling afhankelijk van onderliggende inflammatoire proces:
» Infecties: antibiotica/chirurgie

anakinra/canakinumab (anfti-IL1/anti-ILR), tocilizumab (anti-IL6R), infliximab

» Auto-inflammatoire en auto-immuunziekten: bijv. colchicine, I
>§"’
(anti-TNF), DMARDs \
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Behandeling AA-amyloidose
Verlagen SAA <4mg/I

Table 3. Unadjusted Relative Risk of Death Associated with the Most Recent

Complete remission Median Annual SAA Concentration during Follow-up.*

(median SAA <10 mg/L)
SAA Octile (mg/liter) Relative Risk (95% Cl)

<4 1.0
=4 to <9
=0 to <16.7

(1.5-10.4)
(2.7-9.4)

(3.7-13.4)
(4.8-17.2)
(6.9-21.4)
( )
( )

Persistent inflammation
(median SAA >10 mg/L)
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3 c
- 3.9 o]
2 [0)
% 5.1 %
8 >16.7 to <28 7.0 %
o 0
=28 to <45.6 9.1 @)
=45.6 to <87 12.1
>87to <155 17.0

p=0-0009
0

rr._ 1 11 1 T 1T 1T T 1

0 12 24 36 48 60 72 84 96108 120

Time (months)

8.6-33.8
=155 17.7 (8.7-36.0

Number at risk
Complete remission 42 42 42 42 42 42 41 41 41 41 41
Persistent inflammation 38 37 35 33 33 32 31 29 29 29 29

* The SAA value is the median concentration within each 12-month period and
was incorporated into the Cox regression model as a time-dependent covariate.

Gillmore , et al. Lancet 2001;358:24-29 Lachmann, N Engl J Med 2007; 356:2361-71




Behandeling ATTR-amyloidose

Precursor:
transthyretine
monomeer

A. Productie transthyretine verminderen

B. Transthyretine tetframeer stabiliseren

C. Amyloid opruimen? 3 2
D) y

&
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A. Productie fransthyretine verminderen
Levertransplantatie

Actuarial patient survival

10 15
Years after transplantation
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—\/al30Met Early onset

—=\/al30Met Late onset
Non-Val30Met Early onset

- Non-Val30Met Late onset

Actuarial patient survival

5 10
Years after transplantation

(Transplantation 2015;99: 1847-1854)




A. Productie fransthyretine verminderen

Gene silencing

Transcription l

vuunl
MRNA Antisense
Oligonucleotide _||
Translation l ﬂ 1 M
ff ‘ ' hybridization
Ribosome\{’ \

| ] Polypeptide

mRNA ;

\ S el "
Qney” Ty

Target
cleavage

SR % ‘ mRNA No protgin
ﬁ i i degradation expression

RISC

RNAse H // No protein
) [P —’ .
—_— N {74/\ expression

Nucleoside
monophosphates

Heart 2017;103:812-817.
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Gene silencing: patisiran

N=225 n=148 g,,
Primary Endpoint at

Patient Population - Patisiran IV 18 months i %
" IR Owsation, | q3W, 0.3 mgikg . mNIS+7 E
Patienten met Stages 1 and 2 - -
(] nday =
erfellj ke ATTR' * Neurological y Endpoints %
.o mpanment score OR M NO"O.( L-DN ®
amyloidose PS) oF 5130 ' . le-we:u?less 5

* Prior tetramer « mBMI . ° . .

sabizer vse PAacebo IViaaW « 10-meter walk Primaire U|tkom§’rmaq’r.

) n=77 neuropathie

<
=
A Serum Transthyretin —
=
@)
@)

Mean Change in Serum
Transthyretin (%)

Patisiran

9 12 15 18 21 24 27 30 33 36 39 42 45 48 51 54 57 60 63 66 69 72 75 78 81

N Engl ) Med 2018;379:11-21.




Gene silencing: patisiran

Mean LV Wall Thickness (mm) LV Relative Wall Thickness

(P=0.017) (P=0.0055)
Difference at 18 mo

I I 0.01}0.024)
-0.1f(0.33) - _—-- ..
(patisiran-placebo):

-34.0+£3.0 PlaCEbO Ok0. -0.07)(0.014)

Patisiran Placebo Patisiran Placebo
P<0.001

14.0+2.1
(N=67

Cardiac Output (L/min) LV End-Diastolic Volume (mL)
(P=0.044) (P=0.036

- ---- O4-- e
-0.18(0.092) -5 -5.13(1.93)

-10

in mNIS+7

|
o
S

|
o
o

)
~0.56}0.16) ~13.44|(3.4)
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LS Mean (SEM) Change
from Baseline at 18 Months

Global Longitudinal Strain (%) L\{p“l%?fs()g)

(P=0.015)

2.0
15 1.46/(0.48) 0.63}(9.43)
Baseline L

N Engl ] Med 2018;379:11-21. L R, B

" ' Patisiran Placebo
Patisiran Placebo

Circulation. 2019;139:431-443.




Gene silencing: regressie amyloid

Perugini grade
H/B ratio

B 0.4 Diagnosis 100
serum TTR : : : i TTR in fat
(g/L) : : : v 80 (ng/mg fat)

0.3

DDWN U/A @punisesuss) auialu| Bulleply

Congo Red
(grade 0 - 4)

0.0 ; :
2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

tafamidis inotersen tafamidis

placebo inotersen patisiran

N\
Groothof et al. Mayo Clinic Proceedings, 2019 GrACE



B. Transthyretine teframeer stabiliseren
Tafamidis

A Primary Analysis, with Finkelstein-Schoenfeld Method
P Value from Average Cardiovascular-Related
No.of  Finkelstein-Schoenfeld  Win Ratio  Patients Alive = Hospitalizations during 30 Mo
Patients Method (95% Cl) at Mo 30 among Those Alive at Mo 30

no. (%) per patient per yr
Pooled Tafamidis 264 186 (70.5) 0.30
1.70 (1.26-2.29)
Placebo 177 101 (57.1) 0.46

—@— Tafamidis
—(O— Placebo

B Analysis of All-Cause Mortality
1.0
0.9

8 -

0 Pooled tafamidis

0.7

DDWN U/A @punisesuss) auialu| Bulleply

0.6

0.5 Placebo

@
=
©
w
©
o
£
o
=
@
o)
c
@
<
o}
o
w
c
@
@
£
-
-
@
=

0.4

©
I
2
=1
(%]
—
[=]
>
=
=
©
ol
2
o

Fx-005 Month6 Month 12 Month 18 Month 24 Month 30
baseline

J Neurol (2013) 260:2802-2814

Hazard ratio, 0.70 (95% Cl, 0.51-0.96)

12 15 18
Months since First Dose
No. at Risk (cumulative no. of events)

Pooled tafamidis 264 (0) 259 (5) 252 (12) 244 (20) 235 (29) 222 (42) 216 (48) 209 (55) 200 (64) 193 (71) 99 (78) ]
Placebo 177 (0) 173 (4) 171 (6) 163 (14) 161 (16) 150 (27) 141 (36) 131 (46) 118 (59) 113 (64) 51 (75) ]

N Engl ] Med 2018;379:1007-16.




B. Transthyretine teframeer stabiliseren
Diflunisal

Primaire vitkomstmaat: erfelijk? ATIR
neuropathie amyloidose

Placebo Diflunisal Difference P-value
Change from Baseline | Change from Baseline | Placebo-Diflunisal

Characteristic Mean (95% CI) Mean (95% CI) Mean (95% CI) -

Month 12 10.1 (6.9.13.3) 42 (1.5.7.0) 5.9 (1.8.10.0)

Month 24 22.8(17.2,28.4) 6.7 (1.9.11.4) 16.1(9.0,23.2) <0.001

Month 12 6.0 (3.9.8.2) 3.3(1.4,5.1) 2.8 (0.0,5.6)

Month 24 12.1(8.7,15.5) 3.8 (1.0.6.7) 8.2 (4.0.12.5) <0.001

sesovbieal | | ]
Mot 12 19 (-3.8.-0.1) 0.8 (~0.9,2.5) ~2.8(-5.2,-0.3) 0.030

Patienten met

Month 24 —49(-7.6,-2.2 1.5 (-0.8,3.7) —6.4 (-9.8,72.9) <0.001

JAMA. 2013 December 25: 310(24): 2658-2667.
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Behandeling ATTR-amyloidose

Levertransplantatie TOmeIdIS dlflunlsol

Precursor:

B
— transthyretine
Paftisiran, Inotersen AG-10, Tolcapone monomeer

C. Amyloid opruimene > 2
1) > y

&
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Amyloid opruimen

» Miridesap + dezamizumab: fase 2 studie beé&indigd: vanwege
negatief benefit/risk-profiel (N Engl J Med 2015; 373:1106-1114)

» CAEL-101 11-1FA: fase 1 studie succesvol, vervolg@
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» GAIM-IgGI1-Fc (Proclara): fase 1 studie succesvol, vervolg@
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Take home messages

» Jeziet het pas als je het door hebt (Johan Cruijff)
» Buikvetaspiraat (+SAP-scan) een goede eerste screeningsmethode (casus)
» Onmiskenbaar typeren van het amyloid is cruciaal.
» Upcomming: lasermicrodissectie met massa spectometrie nieuwe standaard van typeren

» Genetisch onderzoek (genpanel amyloidose)

» Basisprincipe van behandeling: aanvoer van het precursoreiwit verminderen. Hoe lager, hoe beter.
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» Amyloidose is een groep behandelbare ziekten!

» Gene silencing is een effectieve behandeling voor ATTR-amyloidose maar dit principe zou ook effectief
kunnen zijn bij andere typen amyloidose (bijv. ApoATl, AA, etc)

» Vroege herkenning, typering en behandeling om gezondheidsverlies te beperken

).
)
\\\§

GrACE




Afdeling Interne Geneeskunde v/h UMCG
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