AL 530¢»MOQMDO,

930060)M0 S
039bMEodGH™MomMo
d@I)OmbyRe

b®™o bbﬁ)oagoqpo

bl s 0630mg35b 50500 boﬁggoogo
bs£960390U0d9H 2 30706035




d 006 30¢mobdogmo 360d369cmdols Ambm3ermbm®o 358535009ds
Monoclonal gammopathy of renal significance (MGRS)
d AL 580¢rmo@Mmbo

d 3036060 3enmdgeH)embga®odo
d 00996m3593H™M0©0Ho 3MmI)MHIMm35m00.



006 39¢0obdogMo 3bod3zbgemdols IMbm3eMbmEmO 4535350000

Monoclonal gammopathy of renal significance (MGRS)

* 0060300l EsH056gd900, JOMOMIIE QTM[H3gMeEr0s
0060 339¢do dmbm3embmMo 300900l 35mMEMA0IMO0
©93tb0Egd00 56 99FH03Md0.

* 9L AMbM3MbmMo 30¢gdo, 90dErgds oyml -dbvydwydo s ddodg
%933900, 933090 03bMymdME0bgdo 96/ oo
936533963900

¢ dMbM3EMmbv&o 30¢r9d0 HoMdmoddbgds 33069, 56953mM30L900560
56 36199300301900560 3¢0MbMEmHO 3¢oBIMMOo Sb B X 6MH9©0900L
dog6 (853050 9l AEYMTMrYMdGOO0 56 0()39396 LOALOZbMO
25O®MME9G090L @O 56 5305YMmFB0rgdgb d3MMbsMdoLmM30L BoFokmm
39953 ™MMma0mMM 300E9OH0v9IgOL).



OO 256355b353Mm0 MoM3derolidogmo 36093690 Mmdol dmbm3embm®mo gsds35005 (MGRS)
396mBsBE3MgEo 360936900l AMbM3IMbMEO gods350m00ligsb (MGUS) ?

3mbmMo B ) 690900 <10 % <10%

d6Oo@ol M spike <3 g/dI M 305 3 g/dl M oo
Qo

CRAB 56 560l 56 560l

006390l sH0sbgds 56 560l MobIbergdo 0563bgd0s

0o M50 o6 cast byzOM35000

MGUS 56 560l 993035¢095&0 MGRS



006 38colldogmo 3603369wmdoL IMmbm3ermbaemo 985350005 (MGRS)

MGRS o®™mb 0063800 oB0sbgd0l b39dEMo GoM0MS, OSABMBOL WILsYJbo®
= boFoMms 000330l domazlios.

dmbM3mbM©®0 45350005 06339l 5H0bGOL 30MI30M WS H530MI30MO
abom.

3565360 390b900L 20dmlogergbo dgliodergdgeros @sdsEgdom LsFoMm
2969L bbgs oo daadbmdos®qg 33¢093990.

0063000 ,,250050b9b0L" doBboom , 3M0E03MEs© 36083690 mz5605 MGRS
QMMY0 5dM;36Mds.
3995@ M Mm900L ,, MM IM(F670s, O™ s0fyml LHG g0 s
9183994AO0 JodomogM5305 MGRS-0OMU.

MGRS ol d9Lsbgd 3eroboiobEms 36md0gMgdol S350 gds.




dmbm3embyemo 30egdols LsdoBby dgodergds oymls:

6@(0886)‘3@5 ‘ ©1305600LMds, 3039MEGH96D 0., ggpgao,

S AN T

3060350 5edMdobmEmos, sb3mbols b06@6)m80
0)06)38@01) ™ 3056MH0LMOS

] . -
3 \\ ) ’ . ’: 3
| Crystalglobulin- induced — : ; "» .

nephropathy

36390616005, bgzOmBmmo LobMH™do, oM 3derols |

LCDD

* doos30

* Lolberdsmmgzo

* 063 96OLEGHOE0M0

Cryoglobulinemic GN



MGRS 6™l 00063d¢obdogo 36006039600

dsbobgglGoEos
693 mBmeo '
0d© y g% 6 8'0/@ —‘ 698O0OMo/6yg6HMmBrEmo 3600 G9gobmMos/
l 0b®mIo/mje Lob®™do, RPGN, od o0J
Cast nephropathy Amyloidosis i MIDD, light chain
I[mn,reluma_',l (predominantly Glomerulonephritis: proximal tubulopathy
_Thrr:rml_:rotlc glomerular) +  PGNMID (often with Fanconi
microangiopathy MIDD *  Cryoglobulinemic GN syndrome),
* (3 glomerulopathy amyloidosis

. Immuneotactoid
glomerulopathy

(predominantly
vascular and
tubulointerstitial)
crystal storing
histiocytosis,
thrombotic
microangiopathy,
others

Sethi S et al. Jasn 2018; 29 (7):1810-1823



Hematologic conditions associated with
Monoclonal Ig-Renal Disease

|

Plasma cell dyscrasia

!

Malignant

v

Non malignant/
premalignant

|

P4

Multiple
Myeloma/

Plasmacytoma

macroglobulinemia

Waldenstrém MGRS

v

Smoldering
multiple
myeloma

Sethi S et al. Jasn 2018; 29 (7):1810-1823
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B-cell lymphoproliferative disorders

|

Malignant

|

Non malignant/
premalignant

B-cell lymphoma/leukemia

}

MGRS




Pathology of Monoclonal Ig-Associated Renal Diseases

Direct mechanism:
IF positive for monoclonal Ig

! ! !

Glomerular diseases Tubular diseases Others: less common
Amyloidosis* Cast nephropathy Crystal storing histiocytosis
MIDD* LCPT Crystalglobulinemia

PGNMID
Immunotactoid glomerulopathy

Parenchymal involvernent
by malignancy

Fibrillary glomerulonephritis**

Indirect mechanism:
IF negative for monoclonal Ig

Glomerular diseases Vascular disease
C3 glomerulopathy Thrombotic micreangiopathy

Sethi S et al. Jasn 2018; 29 (7):1810-1823



Ig-related Amyloidosis Monoclonal Ig Deposition Disease Immunotactoid GN

(AL, AH, AHL) {LCDD, LHCDD, HCDD) .
R L. -
e e ) ;o +  Fibrillary GN
lgor FIC _ ' A
7 o . i o FILC . N CleGorgM _ Cryoglobuminemic GN
lopat , . (Type 1 and Il)
FlCword 4 \ -
. Al ¥ I‘Gh_.
Light Chain Proximal  * " . s
Tubulopathy J-st Proliferative GN with
Crystak-storing Crystalglobulin GN Monoclonal Deposits

Histiocytosis
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AL amyloidosis LCPT

Thrombotic microangiopathy

Crystallization
Endothellal cell injury

Resistance to
PT proteolysis

‘*‘mé{’m

thrombi

Misfolded LCs LCs w:th
and e - .
peculiar VL s
LC fragments e, ) - andaf:ctr::::zr:ent
| ; 2 e |

= A -
Low-grade B-cell or —/
. plasma-cell clonal 3 el lopath
F d|sordgr ‘ C3 glomerulop ¥

% X
Positively .
charged or "-n.a,g Y

CAP activation

Deposition of C3 and
complement terminal
pathway proteins

glycosylated LCs
Intact 1mmunoglobul

PGNMID Crystalglobulinemia

Deposition of
immunoglobulin plus
complement proteins

N Leung et al. N Engl J Med 2021;384:1931-1941.
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NOMENCLATURE PAPER M) Check for updates

Amyloid nomenclature 2022: update, novel proteins, and recommendations by
the International Society of Amyloidosis (ISA) Nomenclature Committee

Joel N. Buxbaum®, Angela Dispenzieri®, David S. Eisenberg®, Marcus FandrichY, Giampaolo Merlini®,
Maria J. M. Saraivaf, Yoshiki Sekijima® and Per Westermark”

*The Scripps Research Institute, Department of Molecular Medicine, Protego Biopharma San Diego, La Jolla, CA, USA; PDivision of
Hematology, Mayo Clinic, Rochester, MN, USA; “Department of Chemistry and Biochemistry, University of California, Los Angeles, CA, USA;
“Institute of Protein Biochemistry, Ulm Unwemty Ulm, Germany; "Amyloid Research and Treatment Center, Foundation IRCCS Policlinico
San Matteo, and University of Pavia, Pavia, Italy; ‘Institute of Molecular and Cellular Biology, University of Porto, Molecular Neurobiology,
Portu Portugal; *Department of Medicine (Neurology and Rheumatology), Shinshu University School of Medicine, Matsumoto, Japan;
Depanment of Immunology, Genetics and Pathology, Uppsala University, Uppsala, Sweden
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Table 1. Amyloidosis Types Affecting the Kidneys

Amyloidosis Type Organ Involvement Kidney Compartment Involved Kidney Outcome
AL: light chain Any organ except CNS Glomeruli > vessels > interstitium > Depending on renal staging according to
tubules®== level of proteinuria and serum Cr level at
time of diagnosis
Progression to ESKD if no treatment or no
respanse to hematologic treatment™ "
AH/AHL: heavy chain/light and heavy chain Kidney, heart Glomeruli > vessels > interstitium > Similar to AL amyloidosis™

ATTRv: variant transthyretin

AA: serum amyloid A

ALECT-2: leukocyte chemotactic factor
AAPO Al: apolipoprotein Al

AAPO All: apolipoprotein All

AAPO AIV: apolipoprotein AlV

APO CIl: apolipoprotein ClI

AAPO CllI: apolipoprotein ClII

Alyz: lysozyme variant

AGel: gelsolin variant

AFib: fibrinogen o

Peripheral nervous system, heart, eyes, kid-
ney in specific mutation™

Kidney, liver, adrenal glands, spleen, rarely
hearlh 1

Kidney, liver, rarely adrenal gland Gl tract

Kidney, Gl fract, liver, nervous system, skin,
larynx, and testes™’

Mainly kidney, rarely heart, liver, spleen,
adrenal giand, and pancreas

Kidney and heart

Kidney

Kidney, salivary gland, and
hypertriglyceridemia

Gl tract, liver, kidney, salivary gland
Rare variants: heart, nervous system’™

Cranial nerves, carpal tunnel syndrome, cor-
nea, heart, rarely kidney™”

Kidney
Rarely heart, vessels, and Gl tract

3

tubules™

Glomeruli > other kidney
compartments™

Glomeruli > vessels = interstitium >
tubules”™

Interstitium > glomeruli and vessels. cor-
tex > medulla® ™

Tubulginterstitial nephritis limited to the
medulla )

Mostly glomeruli, seldom vessels™

Limited to medulla™

Glomeruli and medullary interstitium™

Mostly vessels in all kidney compart-
ments \ariable involvement of glomer-
uli and interstitium "'

Glomeruli, vessels, and interstitium

Mastly glomeruli™

Mainly glomeruli N
Rarely interstitium and vessels ™™

Kidney outcome depends on the specific
mutation™’-5°

Good outcome if source of inflammation is
controlled
ESKD within years if no response to
treatment” -

Slowly progressive course, with or without
proteinuria®™

Mostly slow progression, depends on the
specific mutation”’

Proteinuria and slow progression to ESKD®®

Progressive CKD™

Proteinuria and CKD™

Progressive CKD with variable proteinuria
Advancing to ESKD within several years”™

Mostly progressive proteinuria, depending
on specific mutation™

Slowly progressive CKD with variable
degrees of proteinuria™

Nephrotic syndrome with progressive renal
dysfunction™
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Extracellular plague

sequester

* carbohydrates
* lipids

" = metal ions

* nucleic acids

* other proteins

i "
Extracellular plaques

Higemer

endocylosis /

Oligomers cause
ROS generation

Mitachondria

Fibrils perturb Golgi

ER membrane

w—

Nucleus

Fibrils block nucleocytoplasmic
transport of protein and RNA,

[itereme sz,

N

Fibril
endocytosis

7

Early
endosome

\

Late °
endosome eIl

¥ Proteasome

./ Lysosame

Endocytosed oligomers and
aggregates permeabilize
lysosomal membrane and
escape into cytosol

Mechanisms of
amyloid toxicity

=
Fibrils form intracellular
inclusions that sequester
= carbohydrates
= lipids
= metal lans
= nucleic acids
= gther proteins

<
>

" Cell-to-cell spreading

Proteosomes of oligomers and
sequestered aggregates

into intracellular

inclusions ‘ ‘



Renal Amyloidosis

Light and
Heavy chain

Hereditary
L
ATTR AApoAl AApoAll  AApoAIV
Rare in Variant of HDL and more tubular and interstitial disease,
the kidney glomeruli spared

microglobulin(Ab2M)

ALECT2

Less glomerular
Can be mistaken

3 & as hea i
9 A vy chain
2@ ~ amyloid
Inflammation(AA)
. . Lysozyme
Gelsolin(AGel) AFib ysozy
Mos common Renal
involvement
Recurrence

high with Kitx



Amyloid : o Transthyretin (TTR)
Systemic Amyloidosis S
Type y y | Amyloidosis
Subtype AL AA | ATTRm ATTRwt
FTOMN) Light chain Amyloid A suiated Tk | wt TTR
Deposited protein monomers
Disease Plasma cell Systemic Familial Common in
Etiology dyscrasia with | autoimmune mutation of elderly aged >
T light chains | orinfections | TTR 75 years
Specific Kidney, heart Renal V122l common | Carpal tunnel;
Features and liver dysfunction in African Male
affected | Americans ! dominance
Median 11 years 2 years

Survival

1-3 years

4-6 years
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Ultrastructural
Fibril network

Supramolecular

fibril architecture Atomic level
structure

Amyloid plaques

BE Vs
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Heart 74%  Kidney 65% Liver 17% Gl 8% Soft tissues 17% ANS 14% PNS 15%

CHF 47% Nephrotic s. 42%
Renal failure 45%
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Copyrights apply

Evaluation of a patient with suspected systemic amyloidosis

Patient with systemic syndrome suspicious of amyloidosis. *

Obtain (or review):
= SPEP with immunofixation
= UPEP with immunofixation
= Serum FLC ratio

Is a monoclonal protein present?
|

I

Yes No

Obtain (or review) both:
= Abdominal fat pad aspirate

= Bone marrow biopsy What organ involvement
is suspected?§
Is amyloid detected on the aspirate
and/or biopsy?1
I I
! 1 [ 1
No amyloid detected Amyloid detected Kidney, nerve, and/or liver Heart
Obtain abdominal fat pad aspirate. Cardiclogy refarval for
If negative, biopsy affected organ advan_ced imaging and
(kidne'y, liver, or nerve). further diagnostic evaluation
|
| |
Amyloid detected No amyloid detected
¥ ¥ v ¥
Amyloidosis confirmed.
Amyloidosis unlikely. Evaluate the type of amyloid with
If clinical suspicion of amyloidosis one of the following: ¢ Amyloidosis unlikely
remains high, biopsy affected organ = Mass spectrometry (preferred)
(eg. kidney, liver).2 = Immunoelectron microscopy
= Immunohistochemistry

Evaluation of a patient with a systemic syndrome suspected to be amyloidosis must include
testing to confirm the presence of amyloid and further evaluation to determine the subtype of
amyloid. Refer to UpToDate topics for further details on the diagnosis of amyloidosis.
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1978 1998 2004 2007 2011

FLC Assay (Bradwell «t &l ClEn Cheem, 2001 )

Mayo 2004 Staging (Dispenzieri, JC0, 2004)

Mayo 2012 Staging (Kemar et al, S0, 204 2)
uropaan Collaborative Study Staging (Weachalekar =t al, Biood, 2013}

—— Clinical LC-MS for typing (Vrana et al, Biood. 2003)

2015 2016 2017 2018 2020

——MALDI-TOF MS for g MRD (Mills et al, Clin Chem, 2015)
= MNSG MRD FDW-approved for MM

MelPred MelDex Bortezomib | | | Carfilzomib S PRILT 903
Pomalidomide
DaraCyBorD
Cyclophosphamide Ixazomib
Thalidomide
Lenalidomide
ASCT CyBorD Bendamustine Venetociax
Belantamab

Melflufen
Selinexor




CENTRAL ILLUSTRATION: Therapeutic Strategies in Immunoglobulin Light
Chain Amyloidosis: Current Use and Clinical Development

Neutrophils/Macrophages ANTAMAB

Antifibrillary MoAbs

Tumor-Tolerant
Immune System

Bianchi, G. et al. J Am Coll Cardiol CardioOnc. 2021;3(4):467-487.




MNewly diagnosed AL amyloidosis

!

Is the patient eligible for a clinical trial? _Yes Enroll in clinical trial

ll"-«lu

I= the patient transplant eligible?

Yes Mo
4-6# cycles induction B-12# cycles induction
chemotherapy*: chemotherapy™:
DaraCyBorD DaraCyBorD
CyBorD CyBorD
No RVd MelDex
Rvd
/ ASCT ,\ A l
CR or better?” Mo CR or better?®
Next-Line .~ CR or better?*
Chemo
Yes
No - Yas Mo
Observation
vs
Yes Maintenance MNext-Line

Chemo



Initial management of AL amyloidosis

Patient with newly dagnosed
Tysternic AL arrryloidosn *
v
Assess candsdacy for
autologous HCT Y
r 4 ]
tlg-ble Not elgible
for HCT for HCT
v ¥
Plan for 4 to 6 cycles of
Induction —th
2to 4 cycles of & a borterormb-based regimen with
prioe to each cycled ©
r L 1
No progression
at any teme'$ l
Actologous HCT Resgonse midestones acheeved ?:
with melphalan¥ :.;osmnacnu
Hemateegic eopsese 2. I <40 maft e
day 100 post HCT 4 to € cycles
I |
| | |} | |}
darLc Yes No
<40 mop/L* x40 mo/L
v |
Observaton until Observation untd
progression progression *
T T
Progresson Progresmon ¥
v v v




Daratumumab-Based Treatment for “
Immunoglobulin Light-Chain Amyloidosis

sy Newly diagnosed R . ﬁ
8% AL amyloidosis A PRIMARY ENDPOINT  Cardiac Renal
Hematologic complete ~ (esponse response
11.4 months '» M Daratumumab {SC) fnﬂbwﬁd _
i 70 [ ot semouemenet 53, 3% 41.5% 53%
n=195 RA 2.9
6 cycles of I (25% ﬂln.zn:;-tu
ibs p
m;phamfde - Control 0 : 0
Dexamethasone ‘?_ n=193 18. 1 % 22-2 A]‘ 23.9 /ﬂ
y N=388 0
| H’
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Fibrillary Glomerulopathy:

KDIGO notes for a rare disease

Diagnostic features of fibrillary glomerulopathy KDIGO notes...

Immunohistochemical staining of renal
tissue for the DNA J homolog subfamily B
member 9 (DNAJB9) protein is a sensitive
and specific marker in fibrillary GN, although
its role in disease pathogenesis is unknown.
The data on treating fibrillary GN consist of
small studies using a variety of therapies,
none of which have been conclusive.

Articles of interest:

Dasari S, et al. DnaJ heat shock protein family B member

9 is a novel biomarker for fibrillary GN. J Am Soc Nephrol.
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Javaugue V, et al. Long-term kidney disease outcomes in
fibrillary glomerulonephritis: a case series of 27 patients.

Am J Kidney Dis. 2013;62:679-690

1. Rovin BH, et al. Management and treatment of glomerular diseases (part 2): conclusions from a Kidney Disease: Improving Global Outcomes (KDIGO)
Controversies Conference. Kidney Int. 2019 Feb;95(2):281-295, PubMed PMID:30665569. A‘ Arka na
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o What's in a Fibril? Collagenofibrotic GN
e Immunotactoid GN
Fibrillary GN
Amyloid
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What can we learn by doing a retrospective review of 266 J AS N
fibrillary glomerulonephritis (FGN) patients? Bl o R e M

Biopsies diagnosed as

Retrospective review of biopsies FGN stained: % . Y4
db with FGN or suspected FGN W 53 A%

Composite of death or ESKD
! \‘D

18-
N = 266

Chronic kidney disease
Q 65%

Partial Remission

Rituximab was associated with
disease stabilization
rggobggBa;
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OML. B0dOOEOHO GN-0b 259msg5e0 GOl (39100, ESKD-8009 3G:MmamqLo6MqdsHg 393cgbsls sbgbls doMomso
006390l 30856H0LMmO0L batrolbo, 0sRBMBOL OHML s FsaOMBOMO BgLlo. MHOEWJu0dsdds godegds Imabobmls
000390l 3bJ300L LEsd0oBs(300.
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- Roberto F.; Alpers, Charles E.; Smith, Kelly D.
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Clinical Journal of the American Society of Nephrology14(12):1741-1750, December 2019.doi: 10.2215/CJN.03870319
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Immunotactoid glomerulopathy is a rare entity with

monoclonal and polyclonal variants.

Immunotactoid Composition and incidence Outcome
Glomerulopathy (ITG) of hematologic condition
T.— M\ median survival: 123 months \

( 73 patients \ (67% monoclonal ITG\ S e o

Z
- Bx incidence: 0.04% persistent renal Eu.e. -
7 L RRTN Lymphoma (53%) dysfunction, and 24% .« _
B ESRD 202
l Myeloma (8%) .
MG Rs (22%) Nu:rbef - 100 o 200 300
\ ) Al 58 ’ 10 1 0
(33% polyclonal ITG N - Monoclonal ITG was more commonly treated with clone-
directed therapy, which was associated with more frequent
. Lymphoma (11%) remission and less frequent ESRD compared to polyclonal ITG
Myeloma (0%) \ /
MGRS (0%)

\ y CONCLUSION:
67% of ITG is characterized by monoclonal

— staining of microtubular deposits. Prognosis of
kldne ITG is favorable if the underlying hematologic
: y Nasr and Kudose et al, 2020 condition is treated.
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Immunotactoid Glomerulonephritis Glomerulus

Increased cells Immunoglobulin and Immunotactoid (microtubular)
and lobulation complement deposition by deposits by electron
by light microscopy immunofluorescence microscopy

microscopy

Immunotactoid

Mormal glomerulus
for comparison
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Fig. 1. Immunotactoid (microtubular) glomer-
ulonephritis (patient 2). (a) Light micros-
copy. Atypical membranous glomerulonephri-
tis (GN), with mesangial matrix expansion,
increased mesangial cellularity and diffuse glo-
merular capillary wall thickening by an eosin-
ophilic material. Capillary lumens are some-
times occluded by both mesangial and parietal
lesions (trichrome light green staining x400).
() Immunofluorescence microscopy. Mesan-
gial and glomerular basement membrane de-
posits stained with anti-y2 rhodamine conju-
gate (*500). A similar staining pattern was
observed with anti-k, anti-y and anti-C3 con-
jugates. Deposits did not stain with anti-A,
anti-y1, anti-y3. anti-vy4, anti-e and anti-p con-
jugates. (¢ and d) Electron micrographs (final
magnification *x33,000 and *110,000, respec-
tively) showing highly organized. osmiophilic
mesangial deposits made up of parallel micro-
tubules of 16.7 = 1.2 nm diameter with a clear
hollow center.
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