Brigham and Women's Hospital

Founding Member, Mass General Brigham

I=1)

Basic Concepts of Immunology in Autoimmune Kidney Disease

Ramon G. Bonegio MBBCh, PhD
Associate Chief of Nephrology
Renal Section, Department of Medicine, VA-Boston HCS
Clinical Associate Professor of Medicine
Chobanian & Avedisian School of Medicine , Boston University

CONTINUING MEDICAL EDUCATION
DEPARTMENT OF MEDICINE

@84 HARVARD MEDICAL SCHOOL
&Y TEACHING HOSPITAL




Ramon G.B. Bonegio MBBCh, PhD

University of Witwatersrand School of Health
Sciences, South Africa

Medicine Registrar @Chris Hani Baragwanath and
Charlotte Maxeke Johannesburg Academic Hospitals,
South Africa

Nephrology Fellowship @Boston Medical Center

Clinical Associate Professor of Medicine@ BU
* Clinical and research focus:
Telenephrology outcomes and best practices
Glomerular disease mechanisms




DISCLOSURES

Dr. Bonegio is a full-time employee of the
Veterans Administration and Associate Chief of
Nephrology for VA-Boston. He directs the VA
Telenephrology Enterprise-Wide Initiative.

He has no financial disclosures.

=)

\



OBJECTIVES

Introducing the immune system
* Innate immunity
* Adaptive immune cells

A few new things to be aware of

 Where is the immune system?
* B cell maturation factors
* The plastic T cell subtypes

A few cases with possible therapeutic implications
Conclusions
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Parts of the immune system

Innate immunity
PRR >>inflammation

B cells

4@ @

T cells

Eosinophils
NK ceIIs

Neutrophils

A

Complement

Basophils

Cytokines ‘

and . .
Chemokines Antibodies

Macrophages
ApoL1

Adaptive immunity
Antigen-driven >> long-lasting immunity
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Where is the immune system?




Where is the immune system?

Mucus
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antigens from the gut lumen
 Critical site of defense
» Critical site tolerance vs effector responses
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Ahluwalia et al Scan J. Gastroenterol 2017 and Boston University Histology



NeflgArd — Efficacy and safety of a targeted-release formulation of
budesonide in patients with IgA nephropathy (NetlgArd): 2-year
results from a randomized phase 3 trial

Screening
Optimized and
Stable RAS blockade

P

<

9 month
Double blinded treatment
Nefecon 16mg/d vs Placebo

N

4

15 month
Double blinded follow-

up

)
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Mefecon 16 myg)day Placebo
{n=182) [r=182)
A, pears 43 (36-50) 42 (34-49)
<45 years D8 [S4%) 104 {57%)
Sex
Mhale 117 (B ) 123 (68%)
Female 45 {36%) 5 {32w)
Race
White 138 (e} 137 (75%)
Asian 43 {24%) 40 (22%:)
Black or African American o 0
Other 1{1%) 5(3%)
Baseline bload presswre, mm Hyg
Systalic 126 (111-132) 124 {117-130)
Diastolic 79 {76-84) 79 (74-Bq)
Baseline UPCRE, g/g 1.48 (0-85), 148 1-15),
128 (090-176) 125 (0-BE-174)
Baseline pratenuria, 024 h 2173 271 (2200,
229 (161-314) 217 (1-53-339)
<2 qi2d4 h TE{43%) 79 (43%)
22 g2 h 104 [57%) 103 (57%)
Baseline UACE, oy 116 [06E), 116 {o-84),
099 (B-6E-1.40) 0o (066-142)
Baseline total urine alburnin, g/24 k 212 (134) 211 (1.58),
177 (1:24-2-49) 170 (112-2-54)
eGFR®, mL/min per 173 m® LE14 (45 50-70-97) 5511 [45-98-67-74)
<& mLmin per 173 m’ 104 (B0%W) 109 [bir)
=60 mL{min per 173 m’ 73 {40%) F3{40%])
Microhaermaturia at randomisation
itk 123 (Gl 127 (7o)
My S8 {32%) GG (30
Time since lgh nephropathy biopsy disgrosis at .4 (06-8.9) 18(0-6-615)

Outcomes
- Primary = time-weighted eGFR
- Secondary =-30% eGFR or ESRD
Completed treatment for 9 months
- Nefecon group (16mg/d)
158/182 (87%)
- Placebo group
165/182 (91%)
Adherence to treatment (80% of
capsules taken) was high (94%)

Lafayette et al Lancet 2023; 402: 589-70 8



NeflgArd — Efficacy and safety of a targeted-release formulation of
budesonide in patients with IgA nephropathy (NetlgArd): 2-year
results from a randomized phase 3 trial

Supplementary Figure S4. Subgroups summary of time-weighted average of eGFR over 2 years us

Subgroup No. of Subjects Difference of LS Means and 95% CI

Al Subjects 364 s g

Baseline Proteinuria =]
<2 g/24 hours 157 | £
>=2 g/24 hours 207 — S

Baseline eGFR 2L
<60 mi/min/1.73 m2) 218 I — o 3
>=60 mi/min/1 73 m2 145 — E".E

Dose of RAS Inhibitor Thera g

(ACEls and/or ARBs) e £ 2 -40- -&- Nefecon 16 mg/day
<50% of MAD 73 |—-—{ = —&— Placebo
>=50% and <80% of MAD 89 ——q 3 _ _ ;
>=80% of MAD 197 l___' = Treatment period Observational follow-up period

Region -60 T T T T T T T
North America 73 [ 0 3 & 9 12 18 24
Europe 197 [—-—' Time (manths)

Agsem Pacific 76 —— Nefecon, n 182 173 169 166 157 155 145

lacebo, n 182 176 169 164 160 151 142
<45 years 202 E— L
>=45 and <65 years 151 F—— Mean percentage change (95% Cl) from baseline, %

Sex Mefecan 5.2 -231 -336 -513 =431 -307
Male 240 — 16 mg/day (-118to19) (-295to-161) (-39-6t0-270) (-56-2t0-459) (-49-0t0-36-6) (-38-9t0-215)
Female 124 — Placebo -43 73 52 332 2.9 10

R:v'::te - | | (109to29) (-150to12) (-13-8to43) (-128t075) (-13-0to 83) (-12.8t012-4)
Others 89 I_.—{ Percentage reduction (95% C1), %

Baseline Hematuria Nefecon 1.0 171 30:0 49.7 41.4 301
Presence 250 — 16 mg/day (-96t0105) (61to267) (199t038.8) (416to56.6) (31.7t0 49-8) (16.4 ta 41.5)
Absence 114 — vs placebo

Baseline UPCR
:11559199!:an % I } | Figure 2: Mean percentage change in UPCR (g/g) from baseline to 24 months (full analysis set)

I T T T T
=15 =10 =2 D 5 10 1
L — -
Placebo Better— --Nefecon Better
1 Lafayette et al Lancet 2023; 402: 589-70 9
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Adaptive immunity: TNF family members
regulate maturation and growth of B cells

Maturation
to plasmablasts
and plasma cells

BAFF-R
TACI

Activation-induced

death })&l
Y
Secreted antibodies

and autoantibodies
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Adaptive immunity: TNF family members regulate
the maturation and growth of B cells

Cell membrane

TRAF1,-2,-3,-5,-6 TRAF2,-5,-6 o

)
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MacKay and Browning Nat Rev Immunol 2002
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APRIL and IL-6 synergistically activate IgA producing cells
to induce aberrant IgA glycosylation

1‘; . Aberrantly
APRIL—> glycosylated IgA1 1

IgA1-producing cell

)

Makita et al KI 2020
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APRIL and IL-6 synergistically activate IgA producing cells
to induce aberrant IgA glycosylation

\

rAPRIL (ng/ml)

rAPRIL (ng/ml)

b ok 20' **

20000' I sk ok 1 “l'_r ' * %k Fek '

I 11 1 'C 15- ' '
= 15000 -5 =ge S
=.10000+ : <
S 5000 : 5{ °
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0 - - - . 0 ' .
O PBS A IL-6 + siRNA APRIL
® L6 B IL-6 + siRNA control

C

100001 | | = 18- —
:I-r ® : 17_
c 9000 T ® 3 16_
Zs000] oo T 15 » Stimulating APRIL
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()] i o 0g0 —
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Makita et al KI 2020 -



Mean Percentage of Baseline Level

A Phase 2 Trial of Sibeprenlimab (an APRIL inhibitor) in
Patients with IgA Nephropathy

Change in 24-hour urine PCR during treatment with
Siberprenlimab/placebo

Treatment period

Galactose-deficient IgA1 and IgA levels at Month 12

of Siberprenlimab/placebo
160- o
s
140+ B Galactose-deficient Se
IgAl at mo 12 g =
120- W Ighat mo 12 58
gh at mo g kS
100+¢--- P E
t é’ -50- -»- Placebo
80+ g -60- = Sibeprenlimab, 2 mg/kg J
60~ _70- ™ Sibeprenlimab, 4 mg/kg ! T
a0 _30 - Sibeprenlimab, 8 mg/kg | l |
0 9 12 16
20+
Months
0
2 mkg dmgfkg 8 mg/kg Placebo No. of Patients
, ) Placebo 38 35 35 35
Sibeprenlimab Sibeprenlimab, 2 mg/kg 38 35 35 35
Sibeprenlimab, 4 mg/kg 41 40 38 38
Sibeprenlimab, 8 mg/kg 38 36 37 37
—
ay Mathur et al NEJM 2023 + Perkovic et al Visionary Study **



Adaptive immunity: T cell personalities and immune

functions
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T,1 Regulatory
T Cells Inducible T,__Cells Natural T Cells

TGF-B

Suppressed immune 27
responses Dexarn'ethazone

Vit D3

All have TCR
All are antigen driven

Cytt icT cells
l Helper T cells /
Enhance immune e
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responses
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|
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Q1. A 62-year-old woman presents with ANCA-associated RPGN.
Which of the following factors IS LEAST LIKELY to contribute to the

severity of her glomerular injury?

1) Neutrophils

2) B cells and plasma cells

3) Complement C5a

4) The complement membrane attack
complex (C5b-9)

5) Autoantibodies targeting proteinase 3
or myeloperoxidase

=)
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Thanks Joel Henderson
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Complement activation
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CsaR is requires for neutrophil recruitment to
glomeruli and crescent formation

A
- [l Crescents
g - [C] Necrosis
5 124
>
£
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Schreiber et al. JASN 2009;20:289-298
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CsaR but not the MAC is requires for
crescent formation

(@)

B s
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Hong Xiao et al. JASN 2014,;25:225-231

WT C3H/He)

CsaR-/- with hCzaR
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CsaR inhibition in human AAV

Table 1. Demographic and Clinical Characteristics of the Patients at Baseline.”

Avacopan

Characteristic (N=166)
Age —yr 61.2+14.6
Sex — no. (%)

Male 98 (59.0)

Female 68 (41.0)
Race — no. (%)

White 138 (83.)

Asian 17 (102)

Black 3(1.8)

Other 8 (4.3)
Body-mass indexf 26.716.0
Median duration of AN CA-associated vasculitis (range) — mo 0.23 (0-362.3)
Vasculitis disease status — no. (%)

Newly diagnosed 15 (69.3)

Relapsed 51 (30.7)
ANCA status — no. (%)

Antiproteinase 3 positive 72 (434)

Antimyeloperoxidase positive 94 (56.6)

)
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Avacopan

Prednisone

Hazard ratio for relapse, 0.46 (95% Cl, 0.25-0.84)

Prednisone g 10_
(N=164) % 0.9
60.5414.5 <

e 0.84
£
83 (53.7) S 0.7-
76 (46.3) (F=
£ 0.6+
140 (85.4) 8
' Q 0.5 .
15 (91) ()
2(1.2) Hl-l: 0.4-
7(4.3) (o] 0 3_
26.845.2 -E" '
0.25 (0-212.5) w U2
2 o1

114 (69.5) 3 '

50 (30.5) 0.0 T
0 40

70 (42.7)

94 (57.3)

No. at Risk
Avacopan 158 153
Prednisone 157 151

T T | | | | . 1
30 120 160 200 240 280 320 360

Days to Relapse

149 146 145 133 129 115 92
146 137 133 126 119 111 90

o o

Jayne et al for the ADVOCATE Study group

NEJM 2021 20
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Q1. A 62 year-old woman presents with ANCA-associated RPGN.

Which of the following factors IS LEAST LIKELY contribute to the
severity of her glomerular injury?

Neutrophils

B cells and plasma cells
Complement C5a

The complement membrane attack
complex (C5b-9)

Autoantibodies targeting proteinase 3
or myeloperoxidase

21
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Q2. A 24-year-old woman presents with nephrotic range
proteinuria and an active urinary sediment. She complains of
photosensitivity, hair loss and arthritis

Which of the following are likely targets that
may ameliorate disease

1) The TNF pathways

2) Type 1 interferon pathways

3) C2

4) B cell activation factor (BAFF)

5) Bcells

IgG or C1lg or C3 - 4 2



Anti-TNF induced lupus

61-84%
Cut. Lupus

<9 %
Renal dis.
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TasLe 2. Features of patients with ATIL based on case reports and case series to date

ACR diagnostic BSRBR data [47], Costa et al., 2008 [31], Ramos-Casal et al, 2007 [45], De Bandt et al., 2005 [44],

criteria for lupus (Britain) (n=41) (USA) (n=33) (Spain) (n=72) (France) (n=12)
Malar rash, n (%) -8 - -8 5 (42)
Discoid rash, n (%) 25 (61)* 24 (73)° 48 (67)* 0
Photosensitivity, n (%) 4 (10) . -2 5 (42)
Oral ulcers, n (%) 5(12) 1(3) 3 (4) 0
Arthritis, n (%) 3(7) 17 (52) 22 (31) 6 (50)
Serositis, n (%) 0 3(18) 9 (12) 3(25)
Renal disorder, n (%) 0 3(9) 5(7) 0
Neurological disorder, n (%) 0 0 2 (3) 0
Haematological disorder, n (%) 1(2) 20 (61) Cytopenia—16 (22) 6 (50)
Immunological disorder, n (%) 4(10) 29 (88) dsDNA—52 (72)° anti-Sm—7 (10) 11(92)
Anti-nuclear antibodies, n (%) 13 (32) 32 (97) 57 (79) 12 (100)

*Data on cutaneous features not given; subdivided into individual categories. Also includes ‘unspecified rash’ as a category. ®Individual patient data not listed, so unable to ascertain if some patients
had more than one of these features.

TaeLe 3. Autoantibody profiles of reported cases of ATIL/lupus-like syndrome

Costa et al.,
2008 [31], Ramos-Casals et al., De Bandt et al.,
(Britain) 2007 [45], 2005 [44],
Autoantibody (n=33) (Spain) (n=72) (France) (n=12)
ANA, n (%) 32/32° (100) 57 (79) 12 (100)
dsDNA, n (%) 29/32 (91) 52 (72) 11(92)
Histone, n (%) 16/28 (57) NR 2(17)
aPL, n (%) NR 8 (11) 6 (50)
ENAs (any), n (%) 10/19 (53) Anti-Sm 7 (10)° 5 (42)
Anti-Ro/La 9 (12)
Anti-RNP 5 (7)

NR: not reported. *ANA/dsDNA reported in only 32 subjects. "Unclear from data given whether
some patients had more than one positive ENA or if these all occumed in separate patients.

Williams, Galdola and Edwards Rheumatology 2009

23



Complement activation

1C3b % @ C3f
\ Factor | V Cla@
C1q complex %
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Modified from Conde et al Front Microbiol 2017
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C2 and C4 deficiency is strongly associated with SLE risk

)
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Table 1 Selected complement deficiencies and associated clinical findings

Complement Inheritance Pathway  Main clinical Autoantibody profile
protein pattern impacted  presentation characteristics (if applicable)
Clqg Autosomal recessive CP Infection, SLE ANA, ENA antibody commonly
Clr/Cls Autosomal recessive CP Infection, SLE positive; dsDNA antibody negative
C4 Autosomal recessive CP, LP Infection, SLE, IgA nephropathy, Henoch-Schénlein ANA, ENA antibody positive
purpura, chronic hepatitis, scleroderma, membranous
nephropathy, panencephalitis, diabetes mellitus type 1
C2 Autosomal recessive CP, LP Infection, SLE, rash, glomerulonephritis Low titer ANA ~25 %, negative
dsDNA antibody, Ro antibody ~25-50 %
C3 Autosomal recessive CP, LP, AP Infection, SLE, membranoproliferative Negative
glomerulonephritis, rash
C5-8 Autosomal recessive Terminal  Recurrent neisserial infections
MBL Autosomal recessive LP Infections, SLE (increased risk of arterial thrombosis)
Factor B Autosomal recessive AP Infection
Factor D Autosomal recessive AP Neisserial infections
Factor | Autosomal recessive AP Infections
Factor H Autosomal recessive AP Hemolytic uremic syndrome, membranoproliferative
glomerulonephritis, macular degeneration
Properdin X-linked recessive AP Neisserial infections
C1 inhibitor Autosomal dominant CP Angioedema

CP classical pathway, AP altemmative pathway, LP lectin pathway, SLE systemic lupus erythematosus, ANA anti-nuclear antibody, ENA extractable
nuclear antigens, dsDNA double-stranded DNA

Bryans and Wu Curr. All. Asthma Rep 2014

25



Lupus -Targeted therapy

Immune-complex disease
with tissue damage

L —

v < ﬂéy
T cell function <<< CNI

C
(L MHC I, TCR

Plasmablast
CDZO

BAFF <<< Belimumab

Mature \ |

'CDB0/86

B-cell

pDCs
Type 1 IFN <<< Anifrolumab Memory

B-cell

Type 1 IFN, IL12 and IL23 <<<

Deucravacitinib (Tyk2 inhibition) CD20 <<< Rituximab/Obinutuzumab
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Type 1 interferon as a target in SLE
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median

2
1.9
44
23
25
13.8
28
47
25
15
5.5
33
17.8
3.5
4.2
84
4.0
04
0.6
0.7
0.5
0.7
0.8
0.7
0.8
0.8
0.6
0.6
0.6
0.6

>2 fold
up/down

16
14
28
17
17

NooNJ3coIRRRERRRBORRNR
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pp—

.-.:.E

-

i

|
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CH I i 1N

I 'HIN INEENIT A0
| | 1 J

24 6-10 120

SLEDAI arihye

L

- n

#2 N INEEETESEEEE EEEEEEE EEEEEEEEE
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FN CFHETENETTEEE TEEEEEETEEEEEEEEE

#1
#1

cultured
PBMCs

gene

IFP35 IFN inducible

IRF7B

MX1

MX2

XIAP ass. factor

(GS3686

P69 2'5' oligoA synthetase

hep-C ass. microtubular agg. prot
RIGE/TSA1 sim to mouse Ly6
agrin prec

IFI-56 IFN inducible

EST sim. to IFN ind 17kD protein
cig5

ISG 15

TRIP 14 2'5' oligoA synthetase-like
cigd9

MCP-1 monocyte chemoattractant
LEU 1 leukemia ass. gene1
COX11P cyt C oxidase ass. prot
JKTBP nuc ribonucleoprotein D-like
TPROD tetra tricopeptide rpt

DAP 3 death ass. protein

mRNA U90916

PRIP prion protein

ANT 3 ADP.ATP translocase
E1F-4B transl.initiation fac
PABP4 polyA binding protein

RAB 4A GTP binding protein
CD3y

IFN score
= [=}] =] =

o

SLE Control

Emily C. Baechler et al. PNAS 2003;100:2610-2615
Lynda Bennett et al. J Exp Med 2003;197:711-723
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Treatment of lupus nephritis: Anifrolumab phase 1-2

Anifrolumab 300 mg y
Favors placebo Favors anifrolumab OR (90% CI) P value
SRI(4) (incl. OCS taper) —_—— 3.08 (1.86-5.09) <0.001
IFN test high —— 4.30(2.34-7.91) <0.001
IFN test low - — 1.47 (0.55-3.93) 0.514
SRI(4) (excl. OCS taper) —— 2.66 (1.64—4.31.) <0.001
IFN test high —— 2.98 (1.69-5.24) 0.001
IFN test low —_ 2.07 (0.77-5.53) 0.225
SRI(7) —— 2.83 (1.58-5.07) 0.003
IFN test high —— 4,59 (2.26-9.33) <0.001
IFN test low o 0.94 (0.29-3.04) 0.930
BICLA —_—— 3.42 (2.06-5.68) <0.001
IFN test high —a— 3.65 (2.02-6.60) <0.001
IFN test low —®—— 3.19(1.16-8.73) 0.059
SLEDAI <2 —— 2.68 (1.53-4.70) 0.004
Major clinical response — 3.24 (1.49-7.04) 0.012
OCS reduction —y— 3.59 (1.87-6.89) 0.001
011 | 1 | 110 0
Odds ratio (90% confidence interval) O
o
g Furie et al Arthritis and Rheumatol 2016

Kalunian et al Arthritis & Rheumatol 2023

Change from baseline in SLEDAI-2K score
(LS mean + SE)
|
ES
1

—e— Combined anifrolumab 300 mg (n=358)

TULIP period

LTE period

-

—e— Combined placebo (n=178)

Safety
follow-up

ps

Number of patients at risk
Combined anifrolumab 300 mg 358
Combined placebo 178

B

3,000 +
2,500
2,000 A
1,500 -

1,000 -

Cumulative GC dose, mg/year
(AUC mean + SE)

500 A

Number of patients at risk
Combined anifrolumab 300 mg
Combined placebo

24 52 64 76 88 104

Week
325 293 220 210 182 198
165 145 90 85 72 85

B Combined anifrolumab 300 mg (n=355) ™ Combined placebo (n=178)

TULIP period LTE period
1
Study year
355 254 233
178 112 94

-
N~
[
-
o
o

187 173
72 55

208
72

180 208 216

156 140112146

50 44 34 42
28



Anifrolumab safety — cumulative risk of Herpes Zoster

Subgroup /N (%)

Overall 5/366 (1.4)
Type | IFNGS status

Sex
Age

<28 kg/m ? 3/223 (1.3)
BMI

>28 kg/m 2 2/142 (1.4)

Black/African

Other 0/31

3/139 (2.1)
Europe 2/122 (1.6)
Region Latin America 0/57
Asia Pacific 0/32
Rest of world 0/15

Negative 5/330 (1.5)
ADA i

Posmve‘ 0/35

(at any time)

Any use 3/176 (1.7)
Immunosuppressant

No use 2/189 (1.1)

)

\

Raj Tummala et al. Lupus Sci Med 2021;8:e000464

Placebo Anifrolumab 300 mg

n/N (%)
23/360 (6.4)

12/190 (6.3)
19/298 (6.4)
4/62 (6.5)
3/27 (11.0)
20/333 (6.0)
23/344 (6.7)
0/16
13/205 (6.3)
10/155 (6.5)
13/235 (5.6)

0/46

4/41 (9.8)
4/30 (12.6)
9/139 (6.5)
5/115 (4.4)
4/59 (6.7)
4/38 (10.7)

119 (15.3)
21/335 (6.3)

2/25 (10.4)

171173 (9.8)
6/187 (3.2)

Favors anifrolumab -20

TR

40

Treatment difference (95% CI)

&

4.7 (~0.0,9.4)
5.0 (1.6, 8.5)
4.9 (5.2, 15.0)
11.0 (-8.7, 30.8)
45(1.3,7.7)
5.3 (2.1, 8.5)
0
5.0 (0.7, 9.3)
5.0 (~0.4, 10.5)
3.9(=0.0, 7.9)

-1.8(-12.9, 9.4)

9.8 (-5.0, 24.6)
12.6 (=5.4, 30.5)
4.3 (-1.6,10.2)
2.8(-3.2,8.9)
6.7 (3.6, 17.0)
10.7 (-5.2, 26.5)
15.3 (—22.8, 53.3)
4.8 (1.5, 8.0)

10.4 (-8.5, 29.4)
8.1 (2.6,13.7)

2.2(-1.8,6.2)

Favors placebo

Treatment difference
(95% ClI)

5.0 (1.9, 8.1)

29



Anifrolumab safety

Table 3. AEs, SAEs, dealhs, AESIs, and EAIRs in any calegory during treatment and follow-up during weeks 0-216 (TULIP + LTE years 1-4)*

All anifrolumab Combined anifrolumab
(n = 560; 300 mg (n = 358; All placebo
exposure 1,568.0 exposure 1,026.2 (n=360;
patient-yearst) patient-yearst) exposure 587.1 patient-yearst)
EAIR (per 100 EAIR (per 100 EAIR (per 100
No. (%) patient-years)¥ Mo. (%) patient-years)t Mo (%) patient-years)¥
Any AE 522(93.2) 333 338 (94.4) 329 318(88.3) 54.2
Any SAE (including events with 147 (26.3) 9.4 92 (25.7) 9.0 91 (25.3) 155
outcome of death)
Any AE with outcome of death 10{1.8) 06 5(1.4) 05 2(0.6) 03
Any DAE 59(105) 38 35(9.8) 34 30 (83) 51
Any AL of severe intensity 102 (18.2) 65 67 (18.7) 65 46 (12.8) 78
Any death of COVID-19 infection 2(0.4) 0.1 1(0.3) 0.1 0 0
Any AESI 180 (32.1) 115 113 (31.6) 11.0 61(16.9) 104
| Any AESI| of herpes zoster 75 (13.4) 4.8 45 (12.6) 4.4 13(3.6) 22 |
Any AES| of non-opportunistic 55(9.8) 35 37(103) 36 29(8.1) 49
serious infections
Non-opportunistic serious 9(1.8) 0.6 6(1.7) 0.6 0 0
infections of COVID-19
Any AESI of influenza 36(64) 23 20(5.6) 19 11(3.1) 19
Ay AES| of latent tuberculosist 27 (4.8) 1.7 20(5.6) 19 4(1.1) 0.7
Any AES| of opportunistic 305 02 1(0.3) 01 4(1.1) 0.7
infections
Any AES| of anaphylaxis 1(0.2) 0.1 0 0 0 0
Any AES| of malignancy 12(2.1) 08 (2.0 07 4(1.1) 0.7
Any AES| of major acute 12{2.1) 0.8 6(1.7) 0.6 3(0.8) 0.5
cardiovascular events
Any AES| of vasculitis 0 0 0 0 0 0

* Data presented are combined from the Treatment of Uncontrolled Lupus via the Interferon Pathway (TULIP) trials and the extension study.
Only descriptive statistics were performed. See Table 2 for other definitions.

T Exposure in days for each patient was calculated as: the earlier of either (i.e., date of last dose of treatment + 84 days, or date of study discon-
tinuation) — date of first dose of treatment + 1 day.

T The EAIR per 100 patient-years was defined as the number of patients with the specific event divided by the total exposure inyears x100. The
exposure time was defined as from the date of first administration of treatment to death, end of treatment + 84 days, or end of study, which-
ever came first.

§ | atent tuberculosis was defined as a positive interferon-y release assay result. All patients were required to be tested at least annually and, in
some cases, more often, depending on the result. No active cases of tuberculosis were reported.

)

Kalunian et al Arthritis & Rheumatology 2023
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Targeting B cell activation is effective

Renal event or Death

1.0+

g oo Complete Remission
.‘:3 084 Hazard ratio, 0.51 (95% Cl, 0.34-0.77) 10
3 0.7 P=0.001 0-
T 06- 0.9+ Hazard ratio, 1.58 (95% Cl, 1.08-2.31)
3 o 08  P=002
§ A Placebo (N=223 25 0.7+
s 0.3 (V)
£ 02- s 0.6
L
3 014 Belimumab (N=223) i? 0.5+ _
& oopitbi” v O OO OO OO S 4l Belimumab (N=223)
0 8 16 24 32 40 48 56 64 72 80 88 96 104 .g i
Weeks & 0.3+ _r_'_’_)l
No. at Risk 0.2
Placebo 203 185 175 154 147 137 129 126 120 116 112 110 78
Belimumab 209 192 186 167 162 159 157 151 142 139 133 130 102 0.1 Placebo (N=223)
B 0.0 T T T T T T T T T T T T 1
Belimumab Placebo 0 8 16 24 32 40 48 56 64 72 80 88 96 104
Event (N=223) (N=223) 2
. No. at Risk Week
— s 6 Belimumab 211 184 169 150 138 131 126 118 106 101 92 85 58
Death from any cause 1 2 Placebo 209 196 183 156 143 132 120 115 108 102 95 90 62
Progression to ESKD 0 1
Doubling of creatinine level from baseline 1 1
Increased proteinuria, impaired kidney function, or both 17 39
Treatment failure related to kidney event 16 20
o
i Furie et al NEJM 2020 31
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Rituximab in lupus nephritis — LUNAR III
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Obinutuzumab added to SOC increased CRR at 104 weeks in
a phase 3 RCT of patients with lupus nephritis

)

\

Table 1 Baseline characteristics and demographics

Obinutuzumab Placebo
(n=63) (n=62)

Age—years 33.1+£9.8 31.9+10.1
Fernale—no (%) 55 (87) 51(82)
Region—no (%)

Latin America and the Caribbean 38 (60) 47 (76)

Europe and Israel 18 (29) 7(11)

USA 7(11) 8(13)
Hispanic or Latino ethnicity—no (%) 42 (67) 49 (79)
Race—no (%)

White 28 (44) 26 (42)

American Indian or Alaska Native 11 (18) 17 (27)

Black or African American 6 (10) 5(8)

Asian 3(5) 2(3)

Other or unknown 15 (24) 12 (20)
Prior history of lupus nephritis—no (%) 32 (51) 32 (52)
Class IV lupus nephritis—no (%) 40 (64) 35 (57)
Concomitant class V lupus nephritis—no (%) 20 (32) 1727)
Serum creatinine—mg/dL 0.87+0.34 0.80+0.33
eGFR—mL/min/1.73 m? 102.0+30.6 102.1+32.9
UPCR—g/g 3.3+2.7 2.9+2.5
Anti-dsDNA Ab >301U/mL—no (%) 42 (67) 46 (74)
(3 <90 mg/dL—no (%) 43 (68) 37 (60)
C4 <16 mg/dL—no (%) 37 (59) 44 (71)

eGFR was calculated using the CKD-EPI creatinine equation.
Ab, antibody; CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration; eGFR, estimated
glomerular filtration rate; ULN, upper limit of normal; UPCR, urine protein-to-creatinine ratio.

CRR

70% A
60% -
50% +
40% : . *%
30%
20% .

>
10%

0% T T T T T T
0 12 24 36 52 76 104

Furie at al Ann Rheum Dis 2022
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Allogeneic anti-CD19 CAR-T cells induce remission in
refractory lupus

S01
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Screening of patients (enroliment and consent)
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Monitoring, supportive care, and
treatment of complications
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Q2. A 24 year-old woman presents with nephrotic range
proteinuria and an active urinary sediment. She complains of
photosensitivity, hair loss and arthritis

Which of the following are likely targets that
may ameliorate disease

—The TNFpathways
2) [Type 1 interferon pathways

32
4) | B cell activation factor (BAFF)

5) | CD20+ B cells — Obinutuzumab/CAR-T cell

)

\

IgG or C1q or C3
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TAKE HOME MESSAGES

Introducing the immune system

* [nnate immunity
» Adaptive immune cells

A few new things to be aware of

* MALT and GALT

* BAFF and APRIL as important B cell maturation regulators

* T cell subtypes
— effector T cells (Th1, Th2 and Th17) vs regulatory T cells

A few cases with possible therapeutic implications

* The role of C5a and the C5aR in AAV

» Targeting specific cell types and cytokine pathways in autoimmune kidney disease like
IgA nephropathy and lupus nephritis

)
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