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Questions

DAH: what is it!
Aetiology: what causes it!
Investigations: How to identify the cause!

Treatment: what are the evidences?

What does the future hold?




Diffuse alveolar haemorrhage

& A distinct form of pulmonary haemorrhage that originates from the pulmonary

circulation- arterioles, venules and capillaries
& One of 3 pathological forms can be observed

Pulmonary capilleritis

Bland pulmonary haemorrhage

Diffuse alveolar damage

& A large number of diseases can manifest as DAH

Collard HR, Schwarz MI. Diffuse alveolar hemorrhage. Clinics in Chest Medicine. 2004 Sep;25(3):583-92



Clinical classification




Pathological classification




| | i

e, AL O
P e Y TS W

LE2L SRR T2\ A
h '»-.- '.'A.\"". “.‘»"-’ ‘). N ,;. |
LAY A AL .ao-.‘ " o
y _/1. : .






















| REY I,

)
o

=20

=10

!l{l!'.‘llllllrl
-
o

PANpa
00

1




,

CLASSIC TETRAD TO SUSPECT DAH

1. CLINICAL: acute onset cough, dyspnea,
haemoptysis with or without the
background of a consistent disease
2. RADIOLOGICAL: new onset B/L alveolar
opacities on radiology
3. LABORATORY: Hb drop without any
haemolysis/other explanation
4. BAL/TBLB showing increasingly bloody
return on sequential lavage and >20%
Haemosiderin laden macrophage




,

CLASSIC TETRAD TO SUSPECT DAH

IMMEDIATELY
SEND
ANA ,ANCA profile
Anti-GBM ab
Urine RME for

active sediments

1. CLINICAL: acute onset cough, dyspnea,
haemoptysis with or without the
background of a consistent disease
2. RADIOLOGICAL: new onset B/L alveolar
opacities on radiology
3. LABORATORY: Hb drop without any
haemolysis/other explanation

4. BAL/TBLB showing increasingly bloody

return on sequential lavage and >20% START treatment

Haemosiderin laden macrophage urgently without
waiting for reports
when alternate
diagnoses unlikely




Radiological spectrum

Bilateral ground glass opacity
Inter and intralobular septal
thickening

Crazy paving pattern

Cortese G, R. Nicali, Placido R, G. Gariazzo, P. Anro. Radiological aspects of diffuse alveolar haemorrhage. La radiologia medica. 2008 Feb 1;113(1):16-28.



Radiological spectrum

Diffuse ground glass opacity Fluffy alveolar opacity B/L consolidation

Cortese G, R. Nicali, Placido R, G. Gariazzo, P. Anro. Radiological aspects of diffuse alveolar haemorrhage. La radiologia medica. 2008 Feb 1;113(1):16-28.



Radiological spectrum

B/L ill-defined nodular opacity
Surrounding GGO

Cortese G, R. Nicali, Placido R, G. Gariazzo, P. Anro. Radiological aspects of diffuse alveolar haemorrhage. La radiologia medica. 2008 Feb 1;113(1):16-28.









Rule out radiological DAH mimics

& Viral pneumonia/PCP/other infections- nasopharyngeal swab RTPCR+

microbiological evaluation of BAL fluids

& Acute exacerbation of ILD/eosinophilic lung disease- from history, BAL fluid, in
addition to ancillary investigations such as DLC, HP panel, Myositis panel, CTD

markers
¢ Pulmonary oedema- BNP, 2D echocardiography

® However, when strong suspicion is present, prompt treatment initiation is mandatory

without waiting for reports of investigations



Treatment




Supportive
management




[nvasive mechanical ventilation

& In DAH, lungs behave like in ARDS (baby lungs/stiff lungs)

¢ Lung protective ventilation strategy is undertaken

& Low tidal volume (4-8 mL/Kg of PBW)

& Titration of PEEP in accordance to ARDS-NET protocol

¢ Avoiding barotrauma by keeping Plateau pressure below 30 cmH20 and RR<35/min

® pH goal- 7.30-7.-40 (permissive hypercapnia up to 7.20)
& Target SpO2- 88-95%,/ PO2 55-80 mmHg



What if MV fails

& When despite best efforts invasive mechanical ventilation fails to maintain

oxygenation or damage to lung is imminent
& Extracorporeal membrane oxygenation (ECMO) may be used as a rescue method

® No RCT has been conducted to compare efficacy of ECMO with that of IMV

& Case reports, case series, retrospective cohort studies form the basis of use of ECMO

in this situation



& A 2021 systematic review examined 32 articles describing 38 patients requiring

ECMO for DAH

& about 21% patients had GPA, 21% had SLE, 10% each had anti-GBM ab disease
and MPA

& About 23% underwent BAL and a chest imaging for diagnosis of DAH
® 42% of the patients additionally received CYC, 18.4% receive RTX and 90%

received steroids in some form

Reddy HG, Maynes EJ, Saxena A, Austin MA, O’Malley TJ, Gadda MN, et al. Utilization of extracorporeal life support for diffuse alveolar damage and
diffuse alveolar hemorrhage: A systematic review. Artificial Organs. 2020 Nov 15



Variable

Rate (breaths per min), median [IQR]

Peep (cm H,0), median [IQR]

FiO,, median [IQR]

Partial pressure O, mm Hg, median [IQR]
Arterial oxygen saturation (%), median [IQR]
Pulse oximetry (%), median [IQR]
Pa0,:FiO,, median [IQR]

Variable

ECLS type

VV-ECMO, n/N (%)

VA-ECMO, n/N (%)

RVAD-ECMO, n/N (%)

Unspecified, n/N (%)

Cannulation Sites

Internal jugular vein cannulation, n/N (%)

Femoral vein cannulation, n/N (%)

Pulmonary artery cannulation, n/N (%)
ECLS data
VV-ECMO Flow (L/min), median [IQR]

Pre-ECLS
12.0 [12.0, 20.0]
13.0[11.5, 15.2]

1.0 [1.0, 1.0]

49.0 [45.0, 59.0]
4.5, 87.8]
. 79.5]
48.2 [41.4, 54.8]

Post-ECLS
12.0[10.0, 13.5]
8.0 7.5, 12.0]

0.5 [0.5, 0.5]

80.0 [70.0, 98.8]
95.5[94.3, 96.8]
182.0[149.4, 212.2

Total
(N =38)

28/38 (73.7)
5/38 (13.2)
1/38 (2.6)
4/38 (10.5)

19/38 (50.0)
18/38 (47.3)
1/38 (2.6)

Variable
ECLS total time (days), median [IQR]
Length of stay (days), median [IQR]

P value
427
014
0025

<.001

Total

9.5[5.2, 14.2]

41 [33, 54]

Survival to decannulation, n/N (%)

In-hospital and 30-day mortality, n/N (%)

36/38 (94.7)
4/38 (10.5)

VV-ECMO, n/N (%)

VA-ECMO, n/N (%)

Unknown, n/N (%)

Follow-up time (months), median [IQR]
Complications

Dialysis, n/N (%)

Acute renal failure not requiring dialysis, n/N (%)

2/38 (5.3)
1/38 (2.6)
1/38 (2.6)
1.9 [0.8, 9.0]

17/38 (44.7)
7/38 (18.4)

Recurrence of hemorrhage during admission, n/N
(%)

Diffuse alveolar hemorrhage, n/N (%)

8/38 (21.1)

5/8 (62.5)

Nonspecific pulmonary hemorrhage, n/N (%)
ECLS circuit thrombus, n/N (%)

Thrombocytopenia, n/N (%)

3/8 (37.5)
4/38 (10.5)
3/38 (7.9)




Variable

Rate (breaths per min), median [IQR]
Peep (cm H,0), median [IQR]

FiO,, median [IQR]

Partial pressure O, mm Hg, median [IQR]

Pre-ECLS

12.0 [12.0, 20.0]
13.0[11.5, 15.2]
1.0 [1.0, 1.0]
49.0 [45.0, 59.0]

Post-ECLS

12.0 [10.0, 13.5]
8.0 (7.5, 12.0]
0.5[0.5,0.5]
80.0 [70.0, 98.8]

P value
427
014
0025
<.001

Arterial oxygen saturation (%), median [IQR] 82.5[64.5, 87.8] 4 - -
Pulse oximetry (%), median [IQR] 75.5 [72.2,79.5] 95.5[94.3, 96.8]
Pa0,:FiO,, median [IQR] 48.2 [41.4, 54.8] 182.0[149.4, 212.2]

ECMO seems an effective rescue measure in patients of DAH who can not be managed on MV
RCTs comparing MV and ECMO in this matter are required for assessment of relative safety and efficacy

COST of ECMO and the SKILL-SETS and manpower required are major issues in its use

VA-ECMO, n/N (%) 1/38 (2.6)
Unknown, n/N (%) 1/38 (2.6)
Internal jugular vein cannulation, n/N (%) 19/38 (50.0) Follow-up time (months), median [IQR] 1.9 [0.8, 9.0]

Cannulation Sites

Femoral vein cannulation, n/N (%) 18/38 (47.3) Complications
Pulmonary artery cannulation, n/N (% 1/38 (2.6) Dialysis, n/N (%) 17/38 (44.7)
ECLS data Acute renal failure not requiring dialysis, n/N (%)  7/38 (18.4)
VV-ECMO Flow (L/min), median [IQR] 3.8[3.5,4.5] Recurrence of hemorrhage during admission, /N 8/38 (21.1)
(%)
Diffuse alveolar hemorrhage, n/N (%) 5/8 (62.5)
Nonspecific pulmonary hemorrhage, n/N (%) 3/8 (37.5)
ECLS circuit thrombus, n/N (%) 4/38 (10.5)

Thrombocytopenia, n/N (%) 3/38 (7.9)




Specific
management

¢ DAH with pulmonary capillaritis is

managed with immunosuppression

& There is no data specific for DAH

management from RCTs

& Base of evidence extrapolated from

trials on management of AAVs



DAH due to pulmonary capillaritis

& 30-40% of DAH is caused by autoimmune ¢

1seases

®80% is caused |
disease

by AAV and 20% by SLE and

anti-GBM

& The first-year mortality ranges from 15-50% in these patients

& Accounts for almost 12% of ICU admission in patients with

autoimmune diseases

Haworth SJ, Savage CO, Carr D, Hughes JM, Rees AJ. Pulmonary haemorrhage complicating Wegener’s granulomatosis and microscopic polyarteritis. Br Med

J (Clin Res Ed) 1985;290:1775-1778.



Predictors of respiratory failure

& A retrospective observational study conducted on 73 adult patients with AAV (GPA
and MPA) identified that higher BVAS/WG score, raised BAL neutrophils and

elevated CRP levels were associated with severe respiratory failure

& 45% of the patients had active renal involvement, 56% of them required ICU care
and 11% died

& This study did not include subjects <18 years of age, those with capillaritis due to
anti-GBM disease or SLE, and the subjects were predominantly male and all were of
white ethnicity

Cartin-Ceba R, Diaz-Caballero L, Al-Qadi MO, Tryfon S, Fervenza FC, Ytterberg SR, et al. Diffuse Alveolar Hemorrhage Secondary to Antineutrophil Cytoplasmic
Antibody-Associated Vasculitis: Predictors of Respiratory Failure and Clinical Outcomes. Arthritis & Rheumatology. 2016 May 26;68(6):1467—-76.



Outline of management of DAH in capillaritis

® Methyl prednisolone pulse therapy (500-1000 mg IV for 5 days)

followed by oral corticosteroid
¢ Additional immunosuppression- Cyclophosphamide and Rituximab

& Plasma exchange therapy- in patients with severe organ threatening

disease (mostly severe renal involvement)

& Beneficial role of plasma exchange has not been established by RCTs



PULESE STRERCGOTD

& Mechanism of action: non-genomic pathway (through binding of cytosolic/membrane-bound
glucocorticoid receptors and subsequent utilisation of phoshoinositide-3-kinase, AKT, MAPK

to exert various effects and in addition release of proteins to take part in secondary signalling
cascade

& Does not require protein synthesis for action and hence the rapid onset of action
& First used in 1969 for treatment of renal allograft rejection

& First clinical trial on lupus nephritis patients with rapidly progressive renal failure(n-7) in 1976
established its efficacy

& Has since been used in various auto-immune disease for control of aggressive disease
progression successfully

Cathcart Edgar S, Scheinberg Morton A, Idelson Beldon A, Couser William G. BENEFICIAL EFFECTS OF METHYLPREDNISOLONE “PULSE” THERAPY IN DIFFUSE
PROLIFERATIVE LUPUS NEPHRITIS. The Lancet. 1976 Jan;307(7952):163—6.



Landmark Trials in ANCA Nephritis Bt

PEXIVAS
—— Plex vs. no Plex.
PEX MEPEX High dose vs
Plex vs Plex vs. High 7 . . low dose steroid
no Plex dose steroid r

Ongoing

i | WEGENT | IMPROVE | RITAZARE
CYCAZAREM y:
| MTXvs. AZA | MMF vs. AZA ‘ 4 RTX ve. AZA.

- @yangdanwen @tentenkid @Landmark Neph



Disease Severity New/relapse/re  Induction Alternatives Maintenance Alternatives
fractory

GPA/MPA Organ- GC+RTX/CYC RTX/CYC+AV RTX (24-48 MTX/AZA
threatening ACOPAN months or

longer)

Relapse GC+RTX>CYC RTX MTX/AZA

Refractory Revisit
comorbiditiestu
se other options

Non-organ- Any GC+RTX GC+MTX/MM RTX MTX/AZA
threatening F

EULAR recommendations for the management of ANCA- associated vasculitis: 2022 update

Hellmich B, Sanchez-Alamo B, Schirmer JH, Berti A, Blockmans D, Cid MC, et al. EULAR recommendations for the management of ANCA-associated
vasculitis: 2022 update. Annals of the Rheumatic Diseases [Internet]. 2023 Mar 16




Table 2  Examples of organ/life-threatening and not organ/life-threatening manifestations in patients with AAV

Examples of potentially organ/life-threatening manifestations* Examples of manifestations that are not ultimately organ/life-threatening*

Glomerulonephritis Nasal and paranasal disease without bony involvement (erosion) or cartilage collapse or
olfactory dysfunction or deafness

Pulmonary haemorrhage Skin involvement without ulceration
Meningeal involvement Myositis (skeletal muscle only)
Central nervous system involvement Non-cavitating pulmonary nodules
Retro-orbital disease Episcleritis

Cardiac involvement

Mesenteric involvement

Mononeuritis multiplex

*These are just examples of typical disease manifestations and many other manifestations of AAV exist. Assessment of severity in the individual patient may differ (eg, scleritis
can become organ threatening under certain circumstances).
AAV, antineutrophil cytoplasmic antibody-associated vasculitis.

Hellmich B, et al. Ann Rheum Dis 2024:83:30-47. doi:10.1136/ard-2022-223764




Table 2  Examples of organ/life-threatening and not organ/life-threatening manifestations in patients with AAV

Examples of potentially organ/life-threatening manifestations* Examples of manifestations that are not ultimately organ/life-threatening*

Glomerulonephritis Nasal and paranasal disease without bony involvement (erosion) or cartilage collapse or
olfactory dysfunction or deafness

Skin involvement without ulceration
Meningeal involvement Myositis (skeletal muscle only)
Central nervous system involvement Non-cavitating pulmonary nodules
Retro-orbital disease Episcleritis
Cardiac involvement
Mesenteric involvement
Mononeuritis multiplex

*These are just examples of typical disease manifestations and many other manifestations of AAV exist. Assessment of severity in the individual patient may differ (eg, scleritis
can become organ threatening under certain circumstances).
AAV, antineutrophil cytoplasmic antibody-associated vasculitis.

Hellmich B, et al. Ann Rheum Dis 2024:83:30-47. doi:10.1136/ard-2022-223764




VASCULITIS ACTIVITY SCORE 2003
O Tick box only if abnormality represents active disecse Juse the O If all the cbnormalities recorded represent smouldering/low
Vesculits Domage Index, VDI to score ilemns of domage), If there are  grode/grumbling disease, and there are no new/worse features,
no obnormalities in a system, pleasa tick the "None® box please remember %o tick the box of the bottom right cormer

1. General

Myualgla | Loss of pulses
Arthralgia or arthritis Valvular heart disecse
Fever>38.0°C Pericarditis

Woeight loss=2 kg Ischaemic cordiac pain
Cardiomyopathy

% . | Congestive cardiac foilure

Infarct
Purpura ¢ i ¥ .

Ulcer ’ Paritonitis

Gangrene Bloody diarrhoea

| lschosmic cbdominal poin
3. Mucous membranes/eyes . | 8, Renal

Other skin vasculitis

Mouth uicers/gronulomata
Genital ulcers
Adnexal inflommation

Hypertension

Proteinurio> 1 4

Hoematuria= 10 rbe/hpf
Creafinine 125-249 umol/|
Creafinine 250499 pmol/|
Crectinine=500 umol/1

Rise in crectinine>30% or
creatinine clecrance foll >25%

Significant proplosis
Red eye |Epljsclaritis
Red eye conjunctivitis/
blapharitis/keranis
Blurred vision

Sudden visvol loss
‘ 9. Nervous system

Uveitis
Retinal vosculitis/retinol vessel l Headache

thrombaosls/retinal exudates/ Maeringitis

retinal haemorhoge | Organic canfusion
Seizures {not hyperansive}

3 o
4. ENT 0 |

000 0O 00 00O

Bloody nosal discharge/nasol | Cord lesion

crusts/uicers ond/or gronulomato | Cranicl nerve palsy

Poranosal sinus involvement | Sensory periphenal neuropathy
Subglottic stenasis Motor mononeuritis mulfiplex
Conductive heoring loss

Sensorineural hearing loss

0O000C00O0C0O0

5. Chest

Wheaze

Nodules or cavities
Pleural effusion/pleurisy
Infilrate

Endobronchial lenvokawnent Tick hare if all the cbove abnormalities ore dus 1o
Massive haemoptysis/alveclar { low grode grumbling disease and not dve to

maw/worse diiease
hoemorrhage l

Respirotory failure |

Modification and validation of the Birmingham
Vasculitis Activity Score (version 3)

C Mukhtyar,' R Lee.” D Brown,' D Carruthers,” B Dasgupta,* S Dubey,” O Flossmann,®
C Hall,? J Hollywood,* D Jayne,® R Jones,® P Lanyon,” A Muir,” D Scott,® L Young,®
R A Lugmani'?

» Need for a new score: BVAS 2 had redundant/uncommon
parameters

» BVAS 1 disregarded importance of persistent disease (ignored
BVAS 2)

» 313 patients of diagnosed vasculitis included in the study

» BVAS 3 showed good correlation with BVAS 2, good reliability
(low inter-observer variability), good correlation with disease
activity (CRP, physicians’ global assessment, five-point Likert scale)
and a good sensitivity to response to treatment

» Scores may range from 0-33 for stable disease and 0-63 for
new/worsening disease

Mukhtyar C, Lee R, Brown D, Carruthers D, Dasgupta B, Dubey S, et al. Modification and validation of the Birmingham
Vasculitis Activity Score (version 3). Ann Rheum Dis. 2009;68(12):1827-32.



RITUX vs CYC

for remission
induction in

GPA and MPA

(2010)
RAVE trial

RTX vs CYC
for remission
induction in
renal vasculitis
(2010)
RITUXVAS

trial

To compare

RTX with CYC

for remission

induction (both
group had GC

pulse+continuat

ion)

To compare
efficacy and
safety of
RTX+CYC (2
doses) with
CYC t/b
Azathioprine
maintenance;
(both groups

initially received

GC
pulse/PLEX)

197 patients
with MPA
and GPA,
both newly
diagnosed
and relapsing
disease

44 patients
with ANCA
vasculitis and
renal
involvement
at
presentation

Primary: successful
completion of
prednisolone taper at 6
months and BVAS/WG
score-0 (at 6 months)
Secondary: disease flare,
BVAS,/WG-0 with steroid
<10 mg, adverse events,

SF-36 scores

Primary: rate of remission
at 12 months, rate of
serious adverse events (also
death)

Secondary: time to achieve
remission, BVAS between
0-3 months, change in
GFR,SE-36, VDI between
0-12 months

RTX was non-inferior to CYC
overall (11% difference, <20%

non-inferiority margin)

RTX was superior to CYC in

relapsing disease

RTX+CYC was non-inferior
to CYC in achieving

remission at 12 months (93%

vs 90%).
Serious adverse events were
comparable between two

groups (1 per P-Y vs 1.10 per P-

Y).
VDI and SF-36 were not

significantly different between

two groups.

Rate of improvement in GFR

was slightly better with RTX
(all analysis in ITT
population)

28% of patients in each group had
DAH and they did not have a
clinically significant difference in
reaching primary end-point (P-
0.48);

RTX group patients had more
severe renal involvement at
baseline, w/0 any difference in
reaching the primary outcome

Unblinded study with small
number of subjects from 8
different institutions.

Did not find RTX based regimen
superior to conventional CYC
regimen.

Did not find increased risk of
infection among RTX-based
group.

CYC was also not found to be
superior to RTX in vasculitides
with renal impairment at
presentation.

*RTX group did not have any

maintenance therapy, CYC group
received AZA



Table 1. Efficacy Outcomes.®

Cyclophosphamide—
Rituximab Azathioprine
Efficacy Measure (N =99) (N=98) Difference

number {percent) percemtage points (95% Ci)

Efficacy of Remission-Induction Regimens
for ANCA-Associated Vasculitis

Complete remission

& mo 63 (64) 52 (53) 11 (-3 to 24)
12 mo 47 (47) 38 (39) 9 (-5 to0 22)
In 2013 data from a randomlzed COHtI’OHed trlal 18 mo 39 (39) 32 (33) 7 (-7 to 20)
comparing efficacy and safety profile of RTX with CYC A - ot eo 23
f/b AZA maintenance for ANCA associated vasculitis 12 mo 59 (60) 60 (61) 2 (-151012)
: 18 mo 54 (55) 52 (53) 2 (-12to 15)

was pU.thth Complete remission at any timet 76 (77) 70 {71)

Remission and <10 mg/day of prednisone 82 (83) 84 (86)
at any timeg

* 197 patients of AAV (GPA or MPA) were randomly S e 9 (90) 89 (91)

Complete remission in patients with relaps-

assigned to either get RTX or CYC {/b azathioprine i oo

6 mo 34/51 (67) 21/50 (42) 25 (6 to 44)
12 mo 25/51 (49) 12/50 (24) 25 (7 to 43)
18 mo 19/51 (37) 10/50 (20) 17 (O to 34)

* They were followed up and assessed at 6, 12 and 18 . T

months from treatment onset E“‘:”"'f" h‘ ChRmcs
otai cohort
Baseline 76.83+3.77 91.56+3.75

6 mo 78594375 93.1423.73

* The primary outcome was remission and how long it m— i s
was sustained (as per BVAS/WG score) 18 mof 82120412 96.3024.12

Patients with major renal disease¥
Baseline 53542463 70.52+4 64
& mo 57.06+4.59 73.71+4 60
12 mo 60.57+4_80 76.91+4 80

18 mof 64.08+5.21 80.10+5.10

Specks U, Merkel PA, Seo P, Spiera R, Langford CA, Hoffman GS, et al. Efficacy of Remission-Induction Regimens for ANCA-Associated Vasculitis. New
England Journal of Medicine. 2013 Aug;369(5):417-27.



Cyclophosphamide—
Rituximab Azathioprine

Efficacy Measure (N =99) (N =98) Difference P Value

number {perceent) percemtage ports (9526 i)

Complete remission in patients with relaps-
ing disease at baseline

Estimated creatinine clearance

Total cohort

34/51 (67)

25/51 (49)

19/51 (37)

21750 (42)
12/50 (24)
10/50 (20)

miillidters per minute

25 (6 to 44)
25 (7 to 43)

17 {O to 34)

Baseline 76.83+3.77 91.5623.75 -14.74 0.01
& mo 78.59+3.75 93.14+3.73 -14.55 0.01
12 mo 30.36+3 87 94.7243 86 -14.37 0.01
18 mof 32.12+4.12 96.3024.12 -14.18 0.02

Patients with major renal disease%
Baseline
6 mo
12 mo

12 mol

53.541+4.63
57.06+4.59
60.57+4_80
€4 08+5 21

70.52+4 64
73.71+4.60
76.91+4 80
30.10+5 10

Specks U, Merkel PA, Seo P, Spiera R, Langford CA, Hoffman GS, et al. Efficacy of Remission-Induction Regimens for ANCA-Associated Vasculitis. New
England Journal of Medicine. 2013 Aug;369(5):417-27.




Cyclophosphamide—

Rituximab Azathioprine
Efficacy Measure (N =99) {N =98) Difference P Value
AL L™ A" fv o AV I e ran OV . AV O _ A = A0 \_.'33

Specks U, Merkel PA, Seo P, Spiera R, Langford CA, Hoffman GS, et al. Efficacy of Remission-Induction Regimens for ANCA-Associated Vasculitis. New
England Journal of Medicine. 2013 Aug;369(5):417-27.




® On the basis of the above studies, recommendations were made
& For a newly diagnosed case, CYC and RTX were equally effective along with GC.

& But for a relapsing disease, RTX showed better remission rates (although small

difference)

& The long-standing assumption that CYC was better for patients with poorer baseline

renal status was not supported by evidence

& The risk of infection due to B-cell depletion by RTX was also not proven



@ A single centre retrospective study published in 2015 examined records of patients
(n=73) treated for diffuse alveolar haemorrhage (a/w pulmonary capillaritis) with or
without plasma exchange, in conjunction with either Rituximab or

Cyclophosphamide

& The study found no difference in remission rate and long-term survival between

patients treated with and without plasma exchange

& There was no difference in hospital mortality, length of hospital/ICU stay, need of
MYV and long-time survival among patients treated with Rituximab or

Cyclophosphamide.

® However, after adjusting for PE and propensity to undergo PE, the patients treated
with Rituximab had higher odds of achieving remission at 6 months (OR 6.45, CI-
1.78-29, P=0.003)

Cartin-Ceba R, Diaz-Caballero L, Al-Qadi MO, Tryfon S, Fervenza FC, Ytterberg SR, et al. Diffuse Alveolar Hemorrhage Secondary to Antineutrophil Cytoplasmic
Antibody-Associated Vasculitis: Predictors of Respiratory Failure and Clinical Outcomes. Arthritis & Rheumatology. 2016 May 26;68(6):1467—-76.



No plasma
exchange (n=41)

Plasma
exchange (n = 32)

Characteristic
Age, median (IQR) years
Sex, no. (%) male
GPA, no. (%)

o
, \ /0

63 (48-73)

62 (49-72) 0.70
19 (59) 0.62
027

Active renal dn.su.sc, no. (’h)

Requiring new renal replacement

therapy, no. (%)
Hemosiderin-laden macrophages,

median (IQR) %
Neutrophils in BAL fluid, median (IQR) %
Creatinine, median (IQR) mg/dl
GFR, median (IQR) mi/minute
Hemoglobin, median (IQR) gm/dI
Decrease in hemoglobin, median (l()R) gm/dl
Leukocytes, median (IQR) per mm’
Platelet count, median (IQR) per mm’
PR3-ANCA positive, no. (%)
MPO-ANCA positive, no. (%)
ESR, median (1QR) mm/hour
CRP, median (IQR) mg/liter
INR, median (IQR)

Hospital mortality, no. (%)
Length of hospital stay, median (IQR) days
Length of ICU stay, median (IQR) days
Duration of mechanical ventilation,

median (IQR) days
Complete remission at 6 months, no. (%)

60 (21-93)

21 (7-66)
1.1 (1-2.6)
52 (26-75)

95 (84-11)
19 (13-39)
105 (7.2-13)
305 (239-396)
24 (59)
17 (41)
58 (30-80)
172 (3-28)
1.1 (1-13)

3(7)
17 (4-153)
6.1 (2-11)
28 (07-5.1)

32 ()

9 (~3)
55 (28-89)

32 (15-66)
1.9 (0.9-4.4)
26 (11-55)
8.6 (7.6-9.8)
2.6 (1.4-3.7)
12 (10.1-15)
253 (175-346)
16 (50)
16 (50)
68 (32-95)
40 (12-147)
1.1(1-12)

5 (16)
10.8 (7-18)
6 (4.2-9.1)

3.7 (24-54)

23 (72)

Cyclophosphamide
(n=31)

Rituximab
(n=37)

Characteristic
Ago mcdun (IOR) years

67 (56-74)
17.(55)

58 (42-67)
20 (54)

GPA, no. (’/z
MPA, no. ('/;;)

16 (52)

27 (73)
10 (27)

3 score, median

Spoa:Fio; at presentation, median (I10R)

APACHE 111 score, median (IOR)f

Mechanical ventilation, no. (%)

Active renal disease, no. (%)

Requiring new renal replacement
therapy, no. (%)

Hemosiderin-laden macrophages,
median (IQOR) %

Neutrophils in BAL fluid, median (IQR) %

Creatinine, median (IQR) mg/dl
GFR, median (IQR) ml/minute
Hemoglobin, median (IOR) gm/dl
Decrease in hemoglobin,
median (IQR) gm/dl

Leukocytes, median (IQR) per mm°
Platelet count, median (IQR) per mm?®
PR3-ANCA positive, no. (%)
MPO-ANCA positive, no. (%)
ESR, median (IOR) mm/hour
CRP, median (IQR) mg/liter
INR, median (IOR)

QOutcome
Hospital mortality, no. (%)

Length of hospital stay, median (IQR) days

Length of ICU stay, median (IOR) days
Duration of mechanical ventilation,

( ompktc remission at 6 months, no. (%)

* Spo; = oxygen saturation measured by pulse oximetry; Fio; = fraction of inspired oxygen (see Table 1

for other definitions).
1 For 41 patients admitted to the ICU.

15 (434
10 (0-13)
288 (155-442)
50 (33-101)
13 (42)
14 (45)
7 (23)

58 (20-95)

26 (7-80)

1.4 (1-3.9)

29 (10-49)
8.6 (7.9-9.6)
2.6 (1.54.2)

10.5 (6.9-12.2
319 (250-418)
16 (52)

15 (48)

66 (45-93)
18.4 (3.2-23.6)
1.1 (1-1.3)

4 (13)
9.8 (6-15)
8 (2-16)
4.2 (1.2-64)

21 (68)

205 (115-452)
50 (31-72)
18 (49)

16 (43)

3 (8)

52 (28-85)

29 (11-66)
1.1 (0.9-2.4)
32 (24-60)

93 (7.8-11.4)
23 (1.3-3.3)

12.1 (7.7-15.4)
274 (192-376)
23 (62)

14 (38)

47 (24-84)
28.3 (7.4-138)
1.1 (1-1.2)

2 (5.4)

92 (4.9-17)
5.2 (3-8.6)
3.6 (0.8-5)

33 (89)




& Clearly mentioned the number of patients requiring mechanical ventilation
& Confirmed all cases of DAH with bronchoscopy

& This study was a retrospective cohort study from a single centre

& Sample size too small to draw conclusion on long-term survival/mortality

& Involved more patients with GPA than MPA

& There was a bias in choosing plasma exchange for sicker patients

® Collection of data was not uniform



DAH DAH
resolution resolution
and and
Renal Plasma  hospital No plasma hospital
No. (%) Hemoptysis, GPA, MPA, disease, exchange, survival, exchange, survival,
Author, year (ref.) of cases  Age, yearst % % % BVAS: g no. (%) no.(%)§ no. (%) no. (%)Y

Present study 73 (8.3) 61.8 (49.3-724) 5 o0 40 10 (8-13)# 45 32(44) 27 (84) 41 (56) 38 (93)

Hruskova et al, 53(64) 59 (18-81) 86 698  30.2 NR 98.1 40 (75) 18 (45) 13 (25) 4 (31)
2013 (9)

Kostianovsky et al,  80** 49 (13-86) 96.3 613 263 NR 76.3 16 (20) NR 04 (80) NR
2012 (17)

Ravindran and ' 52 100 66.6 )2 23664 666 5 (5 3 (60) 4 (45) 3 (75)

Watts, 2010 (12)
Chen and Zhao, 5(8) 60 (17-78) NR 208+94 100 I (50) 3 (60) 2 (67)

2009 (8)

Others studies conducted thus far suffered from paucity of subjects, inconsistencies in defining DAH or establishing its

diagnosis.




PLEX or no PLEX?

The rationale behind PLEX has been that it can readily remove the antibodies causing the capillaritis and
prevent adverse outcomes



PEXIVAS trial was an open-label randomized
clinical trial among >700 patients with severe
ANCA-associated vasculitis

Aim was to compare rates of death/ESKD in
severe ANCA-associated vasculitis treated with
plasma exchange therapy or no plasma exchange
therapy in addition to standard
immunosuppression.

They additionally compared a low dose
glucocorticoid regimen with the standard
glucocorticoid regimen to see whether lower dose
GC was non-inferior to standard dose with fewer
side effects

The patients were followed up for 1 year from
randomization

Plasma Exchange and Glucocorticoids
in Severe ANCA-Associated Vasculitis
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Table 1. Characteristics of the Patients at Baseline.”

Characteristic

Age —yr

Female sex — no. (%)

History of vasculitis — no. (%)

ANCA subtype — no. (%)
Proteinase 3
Myeloperoxidase

Median C-reactive protein level (IQR)
— mg /liter

Median hemoglobin level (IQR) — g/liter
Kidney function

Median serum creatinine level (IQR)
— umol/liter

Serum creatinine level =500 umol /liter
or undergoing dialysis — no. (%)

Undergoing dialysis — no. (%)

Severity of pulmonary hemorrhage — no. (%)

No hemorrhage
Not severe
Severet

Organ involvement — no. (%)
Cutaneous
Mucous membranes or eyes
Ear, nose, and throat
Cardiovascular

Gastrointestinal

Plasma
Exchange
(N=352)

62.8:14.4
149 (42.3)
35 (9.9)

143 (40.6)
209 (59.4)
50.9 (13.8-122.3)

94 (83-105)

327 (206-491)

101 (28.7)

66 (18.8)

257 (73.0)
64 (18.2)
31 (3.8)

37 (10.5)
30 (8.5)
95 (27.0)
6 (1.7)
2 {0.6)

No Plasma
Exchange
(N=352)

63.5+13.7
158 (44.9)
28 (8.0)

143 (40.6)
208 (59.4)
42.1 (14.0-97.2)

95 (85-105)

336 (209-495)
104 (29.5)

74 (21)

256 (72.7)
66 (18.8)
30 (8.5)

39 (11.1)
36 (10.2)
103 (29.3)
4(L1)
2 (0.6)

Reduced-Dose
Glucocorticoid
Regimen
(N=353)

63.3:14.2
156 (44.2)
34 (9.6)

143 (40.5)
210 (59.5)
44.6 (13.0-117.0)

95 (84-105)

320 (190-480)

102 (23.9)

67 (19.0)

257 (72.8)
65 (18.4)
31 (3.8)

34 (9.6)

30 (8.5)

98 (27.8)
5 (1.4)
1(0.3)

Standard-Dose
Glucocorticoid
Regimen
(N=351)
63.1:13.9
151 (43.0)

29 (8.3)

143 (40.7)
208 (59.3)
45.5 (14.0-98.0)

95 (84.5-105)

335 (219-502)

103 (29.3)

3 {20.8)
256 (72.9)

65 (18.5)
30 (8.5)

100 (28.5)

0.9)

Randomized (n=704)

|

I

Allocated to Reduced
Glucocorticoids (n=353)

Allocated to Standard
Glucocorticoids (n=351)

Withdrew from trial (n=9)
Lost to follow-up (n=2)

) Withdrew from trial (n=10)
Lost to follow-up (n=7)

Analyzed by Intention to Treat
(n=353)

Analyzed by Intention to Treat
(n=351)

Adhered (n=330)
Did not Adhere (n=4)
Unable to Assess (n=19)

Adhered (n=325)
Did not Adhere (n=8)
Unable to Assess (n=18)

Included in Per Protocol
population (n=330)

Included in Per Protocol
population (n=325)

Randomized (n=704)

!

!

Allocated to plasma exchange
(n=352)

Allocated to no plasma exchange

(n=352)

Withdrew from trial (n=12)
Lost to follow-up (n=5)

Pulmonary
Kidney
Nervous system
Other
Median BVAS/GPA (IQR)i

Planned immunosuppressive treatment
— no. (%)

Intravenous cyclophosphamide
Oral cyclophosphamide

Rituximab

145 (41.2)
342 (97.2)
37 (10.5)
61 (17.3)
9 (7-11)

177 (50.3)
120 (34.1)
55 (15.6)

149 (42.3)
349 (99.1)
25 (7.1)
59 (16.8)
g (7-11)

177 (50.3)
121 (34.4)
54 (15.3)

147 (41.6)
346 (98.0)
33 (9.3)
59 (16.7)
9 (7-11)

179 (50.7)
120 (34.0)
54 (15.3)

2
6(
(
5 (14
3 (
(41
(

345 (98.3)
29 (8.3)
61 (17.4)
9 (7-11)

175 (49.9)
121 (34.5)
55 (15.7)

Withdrew from trial (n=7)
Lost to follow-up (n=4)

Analyzed by Intention to Treat
(n=352)

Analyzed by Intention to Treat
(n=352)

Did not receive at least |
plasma exchange within 14
days of randomization
(n=135)

Received at least 1 plasma
exchange during trial
(n=30)

Included in Per Protocol
population (n=338)'

Included in Per Protocol
population (n=322)




Randomized (n=704)

A 4

A 4

Allocated to Reduced
Glucocorticoids (n

Allocated to Standard
=353) Glucocorticoids (n=351)

Withdrew from trial (n=9)
Lost to follow-up (n=2)

A 4

Withdrew from trial (n=10)
Lost to follow-up (n=7)

A 4

(n=353)

Analyzed by Intention to Treat

Analyzed by Intention to Treat

(n=351)

Adhered (n=330)
Did not Adhere (n=4)
Unable to Assess (n=19)

A

Randomized (n=704)

!

!

Allocated to plasma exchange
(n=352)

Allocated to no plasma exchange
(n=352)

Adhered (n=325)
Did not Adhere (n=8)
Unable to Assess (n=18)

Withdrew from trial (n=12)
Lost to follow-up (n=5)

Withdrew from trial (n=7)
Lost to follow-up (n=4)

Analyzed by Intention to Treat
(n=352)

Analyzed by Intention to Treat
(n=352)

A 4

Included in Per Protocol
population (n=330)

Included in Per Protocol
population (n=325)

Did not receive at least |
plasma exchange within 14
days of randomization
(n=135)

Received at least 1 plasma
exchange during trial
(n=30)

Included in Per Protocol
population (n=338)'

Included in Per Protocol
population (n=322)




Table 1. Characteristics of the Patients at Baseline.”

Characteristic

Age —yr

Female sex — no. (%)

History of vasculitis — no. (%)

ANCA subtype — no. (%)
Proteinase 3
Myeloperoxidase

Median C-reactive protein level (IQR)
— mg /liter

Median hemoglobin level (IQR) — g/liter
Kidney function

Median serum creatinine level (IQR)
— umol/liter

Serum creatinine level =500 umol /liter
or undergoing dialysis — no. (%)

Undergoing dialysis — no. (%)

Severity of pulmonary hemorrhage — no. (%)

No hemorrhage
Not severe
Severet

Organ involvement — no. (%)
Cutaneous
Mucous membranes or eyes
Ear, nose, and throat
Cardiovascular

Gastrointestinal

Plasma
Exchange
(N=352)

62.8:14.4
149 (42.3)
35 (9.9)

143 (40.6)
209 (59.4)
50.9 (13.8-122.3)

94 (83-105)

327 (206-491)

101 (28.7)

66 (18.8)

257 (73.0)
64 (18.2)
31 (3.8)

37 (10.5)
30 (8.5)
95 (27.0)
6 (1.7)
2 {0.6)

No Plasma
Exchange
(N=352)

63.5+13.7
158 (44.9)
28 (8.0)

143 (40.6)
208 (59.4)
42.1 (14.0-97.2)

95 (85-105)

336 (209-495)
104 (29.5)

74 (21)

256 (72.7)
66 (18.8)
30 (8.5)

39 (11.1)
36 (10.2)
103 (29.3)
4(L1)
2 (0.6)

Reduced-Dose
Glucocorticoid
Regimen
(N=353)

63.3:14.2
156 (44.2)
34 (9.6)

143 (40.5)
210 (59.5)
44.6 (13.0-117.0)

95 (84-105)

320 (190-480)

102 (23.9)

67 (19.0)

257 (72.8)
65 (18.4)
31 (3.8)

34 (9.6)

30 (8.5)

98 (27.8)
5 (1.4)
1(0.3)

Standard-Dose
Glucocorticoid
Regimen
(N=351)
63.1:13.9
151 (43.0)

29 (8.3)

143 (40.7)
208 (59.3)
45.5 (14.0-98.0)

95 (84.5-105)

335 (219-502)

103 (29.3)

3 {20.8)
256 (72.9)

65 (18.5)
30 (8.5)

100 (28.5)

0.9)

Randomized (n=704)

|

I

Allocated to Reduced
Glucocorticoids (n=353)

Allocated to Standard
Glucocorticoids (n=351)

Withdrew from trial (n=9)
Lost to follow-up (n=2)

) Withdrew from trial (n=10)
Lost to follow-up (n=7)

Analyzed by Intention to Treat
(n=353)

Analyzed by Intention to Treat
(n=351)

Adhered (n=330)
Did not Adhere (n=4)
Unable to Assess (n=19)

Adhered (n=325)
Did not Adhere (n=8)
Unable to Assess (n=18)

Included in Per Protocol
population (n=330)

Included in Per Protocol
population (n=325)

Randomized (n=704)

!

!

Allocated to plasma exchange
(n=352)

Allocated to no plasma exchange

(n=352)

Withdrew from trial (n=12)
Lost to follow-up (n=5)

Pulmonary
Kidney
Nervous system
Other
Median BVAS/GPA (IQR)i

Planned immunosuppressive treatment
— no. (%)

Intravenous cyclophosphamide
Oral cyclophosphamide

Rituximab

145 (41.2)
342 (97.2)
37 (10.5)
61 (17.3)
9 (7-11)

177 (50.3)
120 (34.1)
55 (15.6)

149 (42.3)
349 (99.1)
25 (7.1)
59 (16.8)
g (7-11)

177 (50.3)
121 (34.4)
54 (15.3)

147 (41.6)
346 (98.0)
33 (9.3)
59 (16.7)
9 (7-11)

179 (50.7)
120 (34.0)
54 (15.3)
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6(
(
5 (14
3 (
(41
(

345 (98.3)
29 (8.3)
61 (17.4)
9 (7-11)

175 (49.9)
121 (34.5)
55 (15.7)

Withdrew from trial (n=7)
Lost to follow-up (n=4)

Analyzed by Intention to Treat
(n=352)

Analyzed by Intention to Treat
(n=352)

Did not receive at least |
plasma exchange within 14
days of randomization
(n=135)

Received at least 1 plasma
exchange during trial
(n=30)

Included in Per Protocol
population (n=338)'

Included in Per Protocol
population (n=322)
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A

4

\ 4

Allocated to plasma exchange
(n=352)

Allocated to no plasma exchange

(n=352)

Withdrew from trial (n=12)
Lost to follow-up (n=5)

4

A

Randomized (n=704)

|

I
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Withdrew from trial (n=10)
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Analyzed by Intention to Treat
(n=353)

Analyzed by Intention to Treat
(n=351)
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Lost to follow-up (n=4)
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Did not Adhere (n=4)
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A 4

Analyzed by Intention to Treat
(n=352)

Analyzed by Intention to Treat

(n=352)

Did not receive at least |

plasma exchange within 14
days of randomization
(n=13)

A

y

Received at least | plasma
exchange during trial
(n=30)

v

Included in Per Protocol
population (n=338)’

Included in Per Protocol
population (n=322)

Adhered (n=325)
Did not Adhere (n=8)
Unable to Assess (n=18)

Included in Per Protocol
population (n=330)

Included in Per Protocol
population (n=325)




Age
<60 years ¢ 1.20(0.73,1.97)
Analysis Plasma Exchange No Plasma Exchange Hazard Ratio (95% Cl) 20 years i 075 (0.54,1.04)

Table 2. Primary Composite Outcome with Plasma Exchange as Compared with No Plasma Exchange.*

no. with outcome ftotal no. (%) S il e
Primary analysis} 100/352 (28.4) 109/352 (31.0) 0.86 (0.65-1.13) Creatining <5.6 mg/d 0.98(0.65, 1.48)
Partially adjusted analysis 100/352 (28.4) 109/352 (31.0) 0.89 (0.63-117) AR g e ol el
Per-protocol analysis 95/338 (28.1) 99/322 (30.7) 0.85 (0.64-1.13) ANCA sublype

Analysis at 1-year follow-up 70/352 (19.9) 85/352 (24.1) 0.7 (0.56-1.06) PRE-ANCA ol
MPO-ANCA 4 0.87(0.62,1.21)

Plasma Exchange vs. No Plasma SN/ ARG TRAMOTAY
Secondary Outcome Exchange No haemorrhage 0.95(0.69, 1.31
Haemarrhage, blood 02 sat>85% on room air 0.64(0.33,1.24

eﬁect si Haemorhage, blood 02 sat <=85% on room air of ventilated 0.67(0.28, 1.64

Death from any cause 0.87 (0.58-1.29
0.57-1.13

( )

( ) IV cyclophosphamide 0.79(0.55, 1.14)
Sustained remission 1.01 (0.89-1.15)

( )

( )

Oral cyclophosphamide 0.98(0.61,1.57)
Rituximab 0.87(0.38,1.96)

End-stage kidney disease 0.81

0.96-1.52
Serious infections at 1 year 1.16 (0.87-1.56

Serious adverse events 1.21

Favours Plex 1 Favours No Plex

Walsh M, Merkel PA, Peh CA, Szpirt WM, Puéchal X, Fujimoto S, et al. Plasma Exchange and Glucocorticoids in Severe ANCA-Associated
Vasculitis. New England Journal of Medicine. 2020 Feb 13;382(7):622-31.
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1:20(0.73,1.97)
0.75(0.54, 1.04)

0.98 (0.65, 1.48)
0.77(0.53,1.11)

No plasma exchange _ 084 (051, 13)

0.87(0.62,1.21)

0.95(0.69,1.31)
0,64 (033, 1.24)
067(028,164)

Plasma exchange

No. at Risk

No plasma 352
exchange

Plasma exchange 352

079055, 1.14)
0.98 (061, 157)
0,7 (0.38,1.96)

10

1) 0 Favours No Plex

Walsh M, Merkel PA, Peh CA, Szpirt WM, Puéchal X, Fujimoto S, et al. Plasma Exchange and Glucocorticoids in Severe ANCA-Associated

Vasculitis. New England Journal of Medicine. 2020 Feb 13;382(7):622-31.



Age
<60 years 1.20(0.73,1.97)
Analysis Plasma Exchange No Plasma Exchange Hazard Ratio (95% Cl) 280 yers i 075(054,104

Table 2. Primary Composite Outcome with Plasma Exchange as Compared with No Plasma Exchange.*

no. with outcome ftotal no. (%) ,
! ! Severlly of renal disease

10NJ32C9 (99 4\ 1001289 {21 N} NS NEC 1 12) Puaal L 8 onldl

Sustained remission 1.0l (U.65-1.1))
Serious adverse events 1.21 (0.96-1.52)
Serious infections at 1 year 1.16 (0.87-1.56)

Rituximab 0.87(0.38, 1,96)

Favours Plex Favours No Plex

Walsh M, Merkel PA, Peh CA, Szpirt WM, Puéchal X, Fujimoto S, et al. Plasma Exchange and Glucocorticoids in Severe ANCA-Associated
Vasculitis. New England Journal of Medicine. 2020 Feb 13;382(7):622-31.




Table 3. Secondary Outcomes.*

Secondary Outcome

Death from any cause

End-stage kidney disease

Sustained remission
Serious adverse events

Serious infections at 1 year

Reduced-Dose vs. Standard-Dose

(95% Cl)

Glucocorticoid Regimen

0.78 (0.53-1.17)
0.96 (0.68-1.34)
1.04 (0.92-1.19)
0.95 (0.75-1.20)
0.69 (0.52-0.93)

Death or ESKD (% of patients)

educed dose
Red i d

et

“~ Standard dose

No. at Risk
Reduced dose
Standard dose

Age
<60) years

260 years

Saverlty of ranal disease
Craatinine <5.6 mg/d|

Requiring dialysis or creatinine 25.6 mg/d|

ANCA subtype
PRI-ANCA
MPO-ANCA

Severlly of lung haemorrhage
No haemorrhage
Haemorrhage, blood 02 sat>85% on room alr

Haemorrhage, blood 02 sat <=85% on room air or ventilated

Induction immunosuppression
IV cyclophosphamide
Oral cyclophosphamide

Rituximab

086 (052, 1.41)
1,06 (0.76, 1.46)

1.24(0.82, 1.88)
0.85(0.89,1.22)

0.82(0.50, 1.34)
110(0.79,159)

0.94 (0,68, 1.29)
1.16(0.60, 226)
1,25 (052, 309)

084 (0.8, 1.21
1.08 (087,173
1.86(0.83, .14

Favours Redcued GC

Favours Standard GC




Table 3. Secondary Outcomes.*

Secondary Outcome

Reduced-Dose vs. Standard-Dose
Glucocorticoid Regimen

Age
<60) years

260 years

086 (052, 141)
1,06 (076, 1.48)

Serious Adverse
Event Type

PLEX
(N=352)

No PLEX
(n=352)

Relative Risk
(95% CI)

Reduced-Dose
Glucocorticoids
(N=353)

Standard-Dose

Glucocorticoids
(n=351)

Unadjusted
Relative Risk
(95% CI)

Cardiovascular

69 (20%)

55 (16%)

1.25 (091 to 1.73)

68 (19%)

56 (16%)

1.21 (0.88 to 1.66)

Endocrine

9 (3%)

3 (1%)

3.00 (0.82 to 11.0)

4 (1%)

8 (2%)

0.50 (0.15 to 1.64)

Gastrointestinal

34 (10%)

39 (11%)

0.87 (0.56 to 1.35)

43 (12%)

30 (9%)

1.43 (0.92 t0 2.22)

Hematologic

25 (7%)

16 (5%)

1.56 (0.85 to 2.88)

22 (6%)

19 (5%)

1.15 (0.63 to 2.09)

Infection

136 (39%)

114 (32%)

1.19 (0.98 to 1.46)

119 (34%)

131 (37%)

0.90 (0.74 to 1.10)

Kidney/Urinary

41 (12%)

36 (10%)

1.14(0.75 to 1.74)

50 (14%)

27 (8%)

1.84 (1.18 to 2.87)

Surgery

16 (5%)

13 (4%)

1.23 (0.60 to 2.52)

14 (4%)

15 (4%)

0.93 (0.45 to 1.89)

Vasculitis
relapse

23 (7%)

32 (9%)

0.72 (0.43 to 1.20)

32 (9%)

23 (7%)

1.38 (0.83 to 2.32)

Other

89 (25%)

79 (22%)

.13 (0.86 to 1.47)

91 (26%)

77 (22%)

1.18 (0.90 to 1.53)

PLEX = plasma exchange; CI = confidence interval

No. at Risk
Reduced dose
Standard dose

Years

133
138

Favours Redcued GC

Favours Standard GC




Table 3. Second/ao//\

~ _

se vs. Standard-Dose

B

icoid Regimen

Age
<60 years

260 years

0.86 (052, 1.41)
1,06 (0.76,1.48)

Relative Risk
(95% CI)

Reduced-Dose
Glucocorticoids
(N=353)

Standard-Dose
Glucocorticoids

(n=351)

Unadjusted
Relative Risk
(95% CI)

25 (0.91 to 1.73)

68 (19%)

56 (16%)

1.21 (0.88 to 1.66)

.00 (0.82 to 11.0)

4 (1%)

8 (2%)

0.50 (0.15 to 1.64)

£.87 (0.56 to 1.35)

43 (12%)

30 (9%)

1.43 (0.92 to 2.22)

7 1.56 (0.85 to 2.88)

22 (6%)

19 (5%)

1.15 (0.63 to 2.09)

1.19(0.98 to 1.46)

119 (34%)

131 (37%)

0.90 (0.74 to 1.10)

A
%)

1.14 (0.75 to 1.74)

50 (14%)

27 (8%)

1.84 (1.18 to 2.87)

13 (4%)

1.23 (0.60 to 2.52)

14 (4%)

15 (4%)

0.93 (0.45 to 1.89)

Vasculitis
relapse

23 (7T%)

32 (9%)

0.72 (0.43 to 1.20)

32 (9%)

23 (T%)

1.38 (0.83 to 2.32)

Other

89 (25%)

79 (22%)

1.13 (0.86 to 1.47)

91 (26%)

77 (22%)

1.18 (0.90 to 1.53)

PLEX

No. at Risk
Reduced dose
Standard dose

= plasm

Years

133
138

a exchange; CI = confidence interval
2 3 4 5 6

Favours Redcued GC

Favours Standard GC




Table 3. Second/ao//\ hge
<60 years 0.86 (0.52, 141)
\‘Q{’S; Stanc!ard-Dose 260 years 1,06 (0.76, 148)
icoid Regimen
n o o ,
Relative B ¢ | Standard-Dose Unadjusted
Glucocorticoids Relative Risk
(n=351) (95% CI)

\ 56 (16%) 1.21 (0.88 to 1.66)
8 (2%) 0.50 (0.15 to 1.64)
30 (9%) 143 (0.92 t0 2.22)
f 1.8 19 (5%) 1.15 (0.63 to 2.09)
/ . /131 (37%) | 0.90(0.74 to 1.10)

%) | 1.1 /27 (8%) .84 (1.18 to 2.87)
13 (4%) | 1.23 (O /15 (4%) 0.93 (0.45 to 1.89)

/!

Vasculitis 23 (7%) 32(9%) | 0.72 (0.4\ 23 (%) 1.38 (0.83 to 2.32)
relapse _

Other 89 (25%) | 79(22%) | 1.13(0.86 to 1.47) 91 (26%) 77 (22%) 1.18(0.90 to 1.53)
PLEX = plasma exchange; CI = confidence interval
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Table 3. Second/ao/\

T~ T3(4%)

ose vs. Standard-Dose
icoid Regimen

%)

Vasculitis
relapse

23 (7%)

32 (9%)

Age
<60 years

260 years

086 (052, 141)
1,06 (0.76,1.48)

| Standard-Dose

Glucocorticoids
(n=351)

Unadjusted
Relative Risk
(95% Cl)

\ 56 (16%)

1.21 (0.88 to 1.66)

8 (2%)

0.50 (0.15 to 1.64)

30 (9%)

131

Other

89 (25%)

79 (22%) | 1.13(0.86 to 1.47)

91 (26%)

PLEX = plasma exchange; CI = confidence interval
0] 1 2 3 )

No. at Risk

Reduced dose
Standard dose

4 5

Years

Favours Redcued GC

Favours Standard GC




& It was the first large RCT to include DAH patient requiring Mechanical ventilation
& Showed that PLEX did not provide an added benefit in patients with DAH

® Reduced dose GC would be as effective as standard dose with lower risk of serious

infection
& Open label study, allowed cross-over (very insignificant number)

& CI was broad for some of the parameters



& It was the first large RCT to include DAH patient requiring Mechanical ventilation

® Open label study, allowed cross-over (very insignificant number)

& CI was broad for some of the parameters



Participants

704
Total participants

Alveolar Hemorrhage in Antineutrophil Cytoplasmic in PEXIVAS

Antibody—-Associated Vasculitis ' ,

Resulis of an International Randomized Controlled Trial (PEXIVAS)

5

@ Lynn A. Fussner', Luis Felipe Flores-Suarez?®, Rodrigo Cartin-Ceba®, Ulrich Specks®, P. Gerard Cox>,
David R. W. Jayne®, Peter A. Merkel'?'', and Michael Walsh®7-8; for the PEXIVAS Investigators

191
With DAH

I
[ 1

130 61

Age, yr, mean (SD) 61.1 (15.4) 63.9 (13.4) : Non-severe DAH Severe DAH
Female 78 (40.8) 229 (44.6)
ANCA
Anti-PR3 99 (51.8) 187 (36.5)
Anti-MPO 92 (48.2) 326 (63.6)
New diagnosis of AAV 164 (85.8) 477 (93.0) ; 29
BVAS/WG 11 (9-13) 7 (6-9) X 4
Creatinine, pmol/L 184 (115-320) 304 (212-442) ~0. Mechanically
Dialysis at baseline 48 (25.3) 92 (18.0) 1 ventilated
Randomized to PLEX 95 (49.7) 257 (50.1) ;
Randomized to reduced GC 96 (50.3) 257 (50.1) .
Immunosuppression =0. Treatment Groups
Oral cyclophosphamide 44 (23.0) 197 (38.4)
Intravenous cyclophosphamide 107 (56.0) 247 (48.2)
Rituximab 40 (20.9) 69 (13.4) PLEX PLEX No PLEX No PLEX
+ + + +

Standard GC Reduced GC Standard GC Reduced GC

Any DAH (n=191) No DAH (n=513) P Value

A cohort analysis of PEXIVAS trial showed similar results in N =176 N =176 N=175 N =177
No DAH 129 No DAH 128 No DAH 127 No DAH 129

DAH patlents treated Wlth or WlthOU.t PLEX Non-severe DAH 32 Non-severe DAH 32 Non-severe DAH 33 Non-severe DAH 33
Severe DAH 15 Severe DAH 16 Severe DAH 15 Severe DAH 15
Ventilated 7 | |Ventilated 8 Ventilated 6 Ventilated 8

Fussner LA, Luis Felipe Flores-Suarez, Cartin-Ceba R, Specks U, P. Gerard Cox, David, et al. Alveolar Hemorrhage in ANCA-associated Vasculitis: Results of an
International, Randomized, Controlled Trial (PEXIVAS). American journal of respiratory and critical care medicine. 2024 Feb 12




Died 3 Mo Died 1 Yr Effect of PLEX
PLEX No PLEX PLEX No PLEX HR (95% CI) P-interaction

Overall 18 (5.1) 21 (6.0) 25 (71) 32 (9.1) 0.74 (0.44-1.26)
No DAH 12 (4.7) 9 (3.5) 17 (6.6) 17 (6.6) 0.86 (0.43-1.71)
Any DAH 6 (6.3) 12 (12.5) 8 (8.4) 15 (15.6) 0.52 (0.21-1.24)

Nonsevere DAH 0.43 (0.08-2.31)

Severe DAH 5 (16.1) 9 (30.0) 6 (19.4) 10 (33.3) 0.45 (0.14-1.40)

Definition of abbreviations: Cl = confidence interval, DAH = diffuse alveolar hemorrhage; HR = hazard ratio; PLEX = plasma exchange.
Effects of PLEX are expressed as HR over the first year and are adjusted for age, sex, antineutrophil cytoplasmic antibody subtype, baseline
kidney function, and initial treatments.

Died 3 Mo Died 1 Yr Effect of Reduced GC
Reduced GC Standard GC Reduced GC Standard GC HR (95% Cl) P-interaction

Overall 16 (4.5) 23 (6.6) 24 (6.8) 33 (9.4) 0.69 (0.41-1.17)
No DAH 7 (2.7) 14 (5.5) 11 (4.3) 23 (9.0) 0.46 (0.22-0.94)
Any DAH 9 (9.4) 9 (9.5) 13 (13.5) 10 (10.5) 1.33 (0.57-3.13) 0.10

Nonsevere DAH 1(1.5) 3 (4.6) . 0.62 (0.12-3.21) 0.65
Severe DAH 8 (25.8) 6 (20.0) 10 (32.3 6 (20.0 2.02 (0.64-6.39) 0.08

Definition of abbreviations: Cl = confidence interval, DAH = diffuse alveolar hemorrhage; GC = glucocorticoid; HR = hazard ratio.
Effects of GC are expressed as HR over the first year and are adjusted for age, sex, antineutrophil cytoplasmic antibody subtype, baseline
kidney function, and initial treatments.
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For maintenance of remission: AZA or RTX?

® CYCAZAREM study in 2003 randomized patients with ANCA associated vasculitis
to receive CYC (oral, 1.5 mg/Kg/D) (N-73) or AZA (oral, 2 mg/Kg/D) (N-71) after
they achieved remission with CYC pulse and GC

& All patients received GC maintenance and was followed up over 18 months
@ Relapse occurred in 15.5% patients in AZA group and 13.7% in CYC group (P-0.65)

& Rate of serious adverse events were similar between the two groups

® This RCT established that AZA is a safe and effective alternative to CYC in

maintaining remission among patients with AAV

Jayne D, Rasmussen N, Andrassy K, Bacon P, Tervaert JWC, Dadoniené J, et al. A Randomized Trial of Maintenance Therapy for Vasculitis Associated with
Antineutrophil Cytoplasmic Autoantibodies. New England Journal of Medicine. 2003 Jul 3;349(1):36-44.



For maintenance of remission: AZA or RTX?

CLINICAL SCIENCE

Rituximab versus azathioprine for maintenance of
remission for patients with ANCA-associated
vasculitis and relapsing disease: an international
randomised controlled trial

Rona M Smith ,' Rachel B Jones,” Ulrich Specks,® Simon Bond,*
Marianna Nodale ,* Reem Al-jayyousi,” Jacqueline Andrews,® Annette Bruchfeld,’

Q

Brian Camilleri,® Simon Carette,®? Chee Kay Cheung, ' Vimal Derebail,’' Tim Doulton,'?

Alastair Ferraro,'? Lindsy Forbess,'* Shouichi Fujimoto 1% Shunsuke Furuta V8

Ora Gewurz—Singer," Lorraine Harper '8 Toshiko Ito-lhara,'® Nader Khalidi
Rainer Klocke,?' Curry Koening,?? Yoshinori Komagata,?? Carol Langford,?*
Peter Lanyon,?” Raashid Lugmani,?® Carol McAlear,?’ Larry W Moreland,?®
Kim Mynard,?? Patrick Nachman,?° Christian Pagnoux,®' Chen Au Peh,??
Charles Pusey,?? Dwarakanathan Ranganathan,?® Rennie L Rhee 2
Robert Spiera 36 Antoine G Sreih,?’ Vladamir Tesar,?’ Giles Walters ;98
Caroline Wroe,*? David Jayne 49 Peter A Merkel,”' RITAZAREM co-investigators

20
’

Smith RM, Jones RB, Specks U, Bond S, Nodale M, Reem Al-jayyousi, et al. Rituximab versus azathioprine for maintenance of remission for patients with
ANCA-associated vasculitis and relapsing disease: an international randomised controlled trial. Annals of the Rheumatic Diseases. 2023 Mar 23;ard-223559.



WEGENT: an
RCT to
compare MTX
to AZA for
maintenance of
remission in

AAV (2008)

MAINRITSAN

An RCT to
compare RTX
vs AZA for
maintenance of
remission in
AAV patients
(2014)
(unblinded)

>18 years of age with

GPA/MPA who has gone into

remission after GC

(pulsetmaintenance)+CYC

(pulse) (N-126, DAH in
20.6% patients, more in

AZA)

18-75 years old patients

diagnosed with
GPA/MPA/renal limited

vasculitis who have achieved

remission (BVAS-0) with
CYC+GC
(N-115)

(alveolar haemorrhage in 19%

of AZA and 16% of RTX

group, pulmonary

involvement in 66% and 58%

of AZA and RTX respectively)

AZA 2 mg/Kg/D
MTX 0.3
mg/Kg/ Wk
increased 2.5
mg/ Wk to 25
mg/ Wk

Both for 12 months

IV RTX 500 mg
on DO and D14
f/b at months
6,12,18.

Oral AZA
2mg/Kg/D for 12
months, then 1.5
mg/Kg/D for 6
months and 1
mg/Kg/D g for 4

months

Both received tapering
doses of GC at least
for 18 months

Primary: severe AE
(death/discontinuatio
n)

Secondary: any AE,
relapse-free survival,
event-free survival

Primary: major relapse
within at 28 months
follow up (BVAS>0
and organ threatening
disease)

Secondary: minor
relapse, AE, mortality

11% in AZA group
and 19% in MTX
group met primary
end-point (P-0.21)
36% in AZA and 33%
in MTX grp had
relapse (P-0.71)

RFS and EFS were not
significantly different

Major relapses
happened more
frequently in AZA
group in comparison
to RTX group (29% vs
5%, HR 6.61, CI-95%,
1.56-27.96, P<0.002)
Minor relapse more in
AZA group (16% vs
11%, P=0.43)

Severe infections were
more frequent in RTX

group (19% vs 14%)

MTX and AZA were
similarly effective for
maintenance and
MTX was not a/w
better safety profile.

Establishes RTX as an
effective and safe
agent for remission
maintenance.
Unblinded study;
Majority of patients
had GPA, very small
MPA /renal-limited
vasculitis;

Early cross-over of
patients from AZA to
RTX group due to
major relapses;




& Open-label unblinded RCT to compare

rates of relapse in patients of AAV
treated with RTX or AZA as

maintenance therapy

Initial induction phase (0-4 months) saw
patients treated with RTX as the
induction agent in addition to GC

Over next 4-24 months patients received
either RTX or CYC along with GC for
maintenance of remission once it was

achieved

& Patients were followed up till 48 months

from initiation of induction

CLINICAL SCIENCI

Rituximab versus azathioprine for maintenance of
remission for patients with ANCA-associated
vasculitis and relapsing disease: an international
randomised controlled trial

Not eligible for induction (N = 1)

Induction therapy with rituximab
(N =187)
Withdrawn (N = 8)
Death (N = 4)
l - Withdrawal of consent (N = 3)
— - Investigator decision (N = 1)

Completed induction phase Other (N = 0)

(N =179)

Patients randomised to
maintenance therapy with
rituximab or azathioprine

Allocated to Azathioprine Allccated to Rituximab
Full analysis poputation? (n = 85) Full analysis population® (n = 85)

Withdrawn from study (N = 7)
Death (N = 0)
Withdrawal of consent (N = 1)
— Other (N = 6)

Month 24

Completed maintenance phase Completed maintenance phase
(n =78) (n=78)

Withdrawn from study (N = 8) Withdrawn from study (N = 7)
Death (N = 1) Death (N = 2)
Withdrawal of consent (N = 4) — Withdrawal of consent (N = 1)
Other (N = 3) Other (N = 4)

Common Close

Completed follow-up phase Completed follow-up phase
{(n = 70) (n=71)




®
or:
®

Rituximab versus azathioprine for maintenance of

remission for patients with ANCA-associated
vasculitis and relapsing disease: an international

randomised controlled tri

Screen

\ch for induction (N = 1)

= 4)

pr decision (N = 1)
0)

lal of consent (N = 3)

= 0)

lission at month 4
nt decision (N = 0)
ator decision (N
N = 2)

r randomisation (N = 9)'
(N =86)

1)

ituximab
Pulation® (n

Allo
85)

Full analy:

Withdrawn from study (N
Death (N = 1)

Withdrawn from study (N = 7)
Death (N = 0) |
Withdrawal of consent (N = 1) i
Other (N = 6) j Other (N = 2)
[ Wonthze |

v
Completed maintenance phase Completed maintenance phase
(n=78) (n=78)

Withdrawn from study (N

Withdrawn from study (N = 8)
Death (N = 1) Death (N = 2)
Withdrawal of consent (N = 4) - - Withdrawal of consent (
Other (N = 3) Other (N = 4)
(
v v
Completed follow-up phase Completed follow-up phase ‘
(n=71)

(n = 70)

Withdrawal of consent (N = 4)
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Rituximab versus azathioprine for maintenance of
remission for patients with ANCA-associated
vasculitis and relapsing disease: an international
randomised controlled tri




Table 1 Baseline demographics of randomised study population in

o Aot o Rituximab was superior to azathioprine for the prevention of major

SN T or minor disease relapse: HR 0.41, 95% CI 0.27 to 0.61, p<0.001
T (1 70) SR Qo) S The HR during the maintenance phase was 0.35, 95%CI 0.18 to
e i o B 0.66, p=0.001, and during the follow-up phase was 0.45, 95%CI 0.26

Male, number (%) 84 (49%) 43 (51%) 41 (48%)
Race, number (%) to 0‘78> p=O'OO4

White 155 (91%) 78 (92%) 77 (91%)

Asian 10 (6%) 5 (6%) 5 (6%)

Hispanic 3 (2%) 2 (2%) 1 (1%) Azathioprine Rituximab

Black 0 0 0

Other 2 (1%) 0 2 (2%)
Disease duration, years: mean (SD) 7.16 (6.52) 7.38 (6.94) 6.93 (6.10)
Prior treatment with cyclophosphamide

Number of patients (%) 133 (78%) 67 (79%) 66 (78%)

Cumulative dose, grams (g): mean (SD) 25.7 (43.3) 24.4 (50.4) 26.9 (35.5)
Prior rituximab therapy

Number of patients (%) 60 (35%) 33 (39%) 27 (32%)

Cumulative dose, grams (g): mean (SD) 4.88 (3.24) 4.47 (2.95) 5.40 (3.57)
Glucocorticoid induction regimen

1 mg/kg/day starting dose (1A) 48 (28%) 24 (28%) 24 (28%)

0.5 mg/kgl/day starting dose (1B) 122 (72%) 61 (72%) 61 (72%)
ANCA type

Anti-proteinase 3 123 (72%) 61 (72%) 62 (73%) - - T T T

Anti-myeloperoxidase 47 (28%) 24 (28%) 23 27%) ' ' e Tim;from ‘;’an d;r‘:nsati;:‘ (Moﬁths) o
Relapse type on entry into trial

Severe 106 (62%) 52 (61%) 54 (64%)

Non-severe 64 (38%) 33 (39%) 31 (36%)

Relapse-free Survival Probability

|
|
|
|
1
|
|
|
|
|
U
|
|
|
|
|
|
|
|
|
|
|
|
|
|
4

Rituximab

Azathioprine




Total relapses

Major relapses
Minor relapse

Relapse during
Maintenance

Relapse during

Follow-up

Sustained

remission rate at

48 months

52
38/85 patients
(45%)

11
il

13/85 (15%)

33

89
60/85 (71%)

28

61

32/85 (38%)

49




» Rituximab was superior to azathioprine for the prevention of major or minor disease relapse: HR 0.41, 95% CI 0.27 to
0.61, p<0.001

* The HR during the maintenance phase was 0.35, 95%CI 0.18 to 0.66, p=0.001, and during the follow-up phase was 0.45,
95%CI 0.26 to 0.78, p=0.004

Table 2  Adverse events according to treatment regimen in the RITAZAREM trial

Total Rituximab Azathioprine Not randomised
(N=188) (N=85) (N=85) (N=18)

Number (%) of patients with a serious adverse event 92 (49%) 37 (44%) 48 (56%) 7 (39%)

Number (%) of patients with a serious infection 39 (21%) 15 (18%) 19 (22%) 5 (28%)

Number (%) of patients with a non-serious infection 119 (63%) 54 (64%) 62 (73%) 3 (17%)

Number (%) of patients with plasma lgG<5g/L 66 (35%) 36 (42%) 26 (31%) 4 (22%)

Number (%) of patients with plasma lgG<3 g/L 17 (9%) 8 (9%) 6 (7%) 3 (17%)

» Severe infections occurred in 15 (18%) patients in the rituximab and 27 in 19 (22%) patients in the azathioprine groups
* 197 and 207 non-severe infections occurred in 54 (64%) and 62 (73%) patients in the rituximab and azathioprine groups,
respectively



* Rituximab was superior to azathioprine for the prevention of major or minor disease relapse: HR 0.41, 95% CI 0.27 to
0.61, p<0.001

* The HR during the maintenance phase was 0.35, 95%CI 0.18 to 0.66, p=0.001, and during the follow-up phase was 0.45,
95%CI 0.26 to 0.78, p=0.004

Table 2  Adverse events according to treatment regimen in the RITAZAREM trial

Number (%) of 1

Number (%) of

Number (%) of

Number (%) of palererrrrproomrgo<ag S e SRR %)
Number (%) of patients with plasma laG<3 g/L 17 (9%) 8 (9%) 6 (7%) 3 (17%)

* Severe infections occurred in 15 (18%) patients in the rituximab and 27 in 19 (22%) patients in the azathioprine groups
* 197 and 207 non-severe infections occurred in 54 (64%) and 62 (73%) patients in the rituximab and azathioprine groups,
respectively






RTX 375 mg/BSA once weekly for 4 weeks GC 18-24
months

i

MPS 1 g for 1-3 day followed by prednisolone 1mg/Kg/D tapered to <5 mg by 6 months and stopped by 18-24 months (taper to 40 mg/d by 1

month and decrease every 2 weekly)

CYC 2 mg/Kg orally (renal function and age-adjusted dose) daily for 3 months 3 months AZA 2 mg/Kg/D from  Up to

4t month if remission 18

N was achieved months
MPS 1 g for 1 day followed by prednisolone 1mg/Kg/D tapered to <5 mg by 6 months and stopped by 18-24 months (taper to 40 mg/d by 1
month and decrease every 2 weekly)
RTX 375 mg/BSA once weekly for 4 weeks GC 18-24
months
L
CYC 15 mg/Kg with 1t and 3 dose of RTX
i
IV MPS 1 g 1 day f/b prednisolone 1 mg/Kg tapered over 6 months to <5 mg/day and then stop by 18-24 months
CYC 15 mg/Kg every 2 weeks for first 3 doses and then 3 weekly until remission (minimum 3 months and maximum 6 months) 3.6 months AZA 2 mg/Kg/D from  Until
the time of remission trial
us
ends
IV MPS 1 g 1 day f/b prednisolone 1 mg/Kg tapered over 6 months to <5 mg/day and then stop by 18-24 months
CYC Minimum 13 weeks (started after remission

and maximum 26  or after 26 weeks)
Oral 2 mg/Kg/day (max 200 mg) dose adjusted to age, renal function, Cytopenias (monitor CBC every weekly for 4 wks/weekly for 4 weeks weeks

after each dose change and monthly thereafter) AZA 2 mg/Kg/D (modify

acc to age, renal function

Or IV 15 mg/Kg/dose 2 weekly for first 3 doses and then 3 weekly (monitor CBC every 14 days and 1 day before each pulse)

and cytopenia)

i Monitor CBC every 2
7 sessions in 14

Plasma exchange days weeks for the first month

and then monthly




Newer therapies- AVACOPAN?

& Avacopan is an orally administered selective C5a receptor antagonist

& In Vasculitis, activation of the alternative pathway, and subsequent production of

C5a drives the inflammation (neutrophil chemoattraction and activation)

& In Murine models, Avacopan has shown to block C5a receptors and prevent ANCA-

driven glomerulonephritis

& ADVOCATE trial examined its efficacy in maintaining sustained remission in AAV

patients

Jayne DRW, Merkel PA, Schall TJ, Bekker P. Avacopan for the Treatment of ANCA-Associated Vasculitis. New England Journal of Medicine. 2021 Feb
18;384(7):599-609.
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Phase 3 randomized controlled trial . x \ ~T :
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Participants: patients with ANCA associated vasculitis - 4 ,N l , v | o (I.I ds I\i o ;
JOURNAL o« MEDICINE

IMPORTANTLY: Patients with alveolar haemorrhage requiring
mechanical ventilation anticipated to continue beyond the study
period were excluded (Chest involvement was present in ~ 42%
of patients)

Avacopan for the Treatment of ANCA-Associated Vasculitis
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articipants: patients with associated vasculitis JOURNAL o MEDICINE

IMPORTANTLY: Patients with alveolar haemorrhage requiring NS o0 v PRBRUAR 18,2022
mechanical ventilation anticipated to continue beyond the study N _ N
period were excluded (Chest involvement was present in ~42% Avacopan for the Treatment of ANCA-Associated Vasculitis

of patients)
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period were excluded (Chest involvement was present in ~ 42%
of patients)

Avacopan for the Treatment of ANCA-Associated Vasculitis

* Remission at week 26 was observed in 120 of 166 patients (72.3%) in the avacopan group and in 115 of
164 patients (70.1%) in the prednisone group (P<0.001 for non-inferiority but P=0.24 for superiority)

» Sustained remission at week 52 was observed in 109 of 166 patients (65.7%) in the avacopan group and
in 90 of 164 patients (54.9%) in the prednisone group (estimated common difference, 12.5 percentage
points) (P <0.001 for non-inferiority and P=0.007 for superiority)
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Baseline eGFR (mean)
Prednisone taper: 46.8 mUL/Imin/1.73 m*
Avacopan: 508 mL/minv1. 73 m?
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Prednisone taper (n=24)
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Baseline eGFR (mean)
Prednisone taper: 21.0 mL/min/1.73 m?
Avacopan: 21.0 mL/mind1. 73 m?

01234 7 10 13 16 20 26 32
Time (weeks)

eGFR Change from Baseline

24

Geetha D, Dua A, Yue H, Springer J, Salvarani C, Jayne D, et al. Efficacy and safety of avacopan in patients with ANCA-associated vasculitis receiving rituximab in
a randomised trial. Annals of the Rheumatic Diseases [Internet]. 2024 Jan 11;83(2):223-32.




Prednisone Avacopan+
taper+rituximab  rituximab

group group
(N=107) (N=107)

Any adverse event, n (%) 105 (98.1) 105 (98.1)
No. of events 1239 1074

Any infection, n (%) 17 (72.0) 68 (63.6)
No. of events 188 136

Any serious adverse event, n (%) 42 (39.3) 37 (34.6)
No. of events 91 62

Any serious infection, n (%) 15(14.0) 11(10.3)
No. of events 19 12

Discontinuation of trial medication due to 16 (15.0) 13(12.1)
adverse event, n (%)

Serious adverse event of abnormality on liver- 4 (3.7) 3(2.8)
function testing, n (%)

Fatal, n (%) 3(28) 0(0.0)

Geetha D, Dua A, Yue H, Springer J, Salvarani C, Jayne D, et al. Efficacy and safety of avacopan in patients with ANCA-associated vasculitis receiving rituximab in
a randomised trial. Annals of the Rheumatic Diseases [Internet]. 2024 Jan 11;83(2):223-32.




Guideline

EULAR

KDIGO

CAN-VASC

Treatment

recommendation

Avacopan in combination with
rituximab or cyclophosphamide may be
considered for induction of remission in
GPA or MPA, as part of a strategy to
substantially reduce exposure to
glucocorticoids.

We recommend that glucocorticoids in
combination with rituximab or
cyclophosphamide be used as initial
treatment of new-onset AAV. Avacopan
may be used as an alternative to

glucocorticoids

The addition of oral avacopan can be
considered for induction of remission in
patients with newly diagnosed or
relapsing GPA or MPA treated with
cyclophosphamide or rituximab. After
starting avacopan, a faster
glucocorticoid tapering protocol aiming
for discontinuation by the end of week
4 should be considered.

Patients most

likely to benefit

* Patients at risk of development or
worsening of GC-related adverse
effects and complications.

* Patients with active
glomerulonephritis and rapidly
deteriorating kidney function

* Patients at increased risk of GC
toxicity, including those with high
infection risk, preexisting diabetes
mellitus, psychiatric disorders, and
OSteoporosis.

* Patients with lower kidney function
(eGFR <20 mL/min per .73 m2).

» Patients at increased risk of GC
toxicity

» Patients with renal involvement

* Patients refractory to conventional

treatments

Treatment
duration

Stop avacopan after duration of
treatment of 6—12 months; there are no
data on use of avacopan beyond | year,
so longer-term use cannot be

recommended.

There is a lack of long-term data on

avacopan usage.

When initiated as part of induction
therapy, avacopan can be continued for

one year.

Abbreviations: EGFR, estimated glomerular filtration rate; GPA, granulomatosis with polyangiitis; GC, glucocorticoids; MPA, microscopic polyangiitis; MPO, myeloperox-
idase; PR3, proteinase-3.

van Leeuwen J, Quartuccio L, Draibe J, Gunnarson |, Sprangers B, Teng YKO. Evaluating Avacopan in the Treatment of ANCA-Associated Vasculitis: Design,
Development and Positioning of Therapy. Drug Design, Development and Therapy [Internet]. 2025 Jan;Volume 19:23-37.




Diseases other than AAV

& Treatment of DAH secondary to anti-GBM disease
& Treatment of alveolar haemorrhage associated with drugs

& Treatment of idiopathic pulmonary haemosiderosis



Anti-GBM disease

& <1% of all causes of end-stage renal diseases

& 90% have renal involvement

& 40% may have isolated renal involvement at beginning
@ 10% may have isolated lung disease

& When both affected=> pulmonary renal syndrome (Goodpasture disease)






Treatment regimen

& PLASMAPHERESIS: centrifugal bowl or plasma filter method with high plasma
volume (50-60 mL/kg/session to a maximum of 4 L) exchanged daily until anti-GBM

antibodies are undetectable or at least for 14 days

& Corticosteroids: pulse methylprednisolone followed by oral maintenance therapy

tapered over 6-9 months as per clinical status of disease
& CYC oral or IV pulse/ Alternatively RTX

¢ Kidney transplant in ESRD if no circulating auto-antibody for 6 weeks



& Randomized clinical trial involving 17 patients conducted in 1985

& All patients had met 2 of 3 criteria: circulating anti-GBM ab, histological evidence of
liner deposition of IgG in kidney/lung or anti-GBM ab eluted from lung or kidney

¢ Randomized to either undergo only immunosuppression with CYC and GC or

Plasma exchange in addition to CYC and GC

Johnson JP, Moore JJ, Austin H a. |, Balow JE, Antonovych TT, Wilson CB. Therapy of Anti-Glomerular Basement Membrane Antibody Disease: Analysis
of Prognostic Significance of Clinical, Pathologic and Treatment Factors. Medicine [Internet]. 1985 Jul 1 [cited 2024 Apr 13];64(4):219



Johnson JP, Moore JJ, Austin H a. |, Balow JE, Antonovych TT, Wilson CB. Therapy of Anti-Glomerular Basement Membrane Antibody Disease: Analysis
of Prognostic Significance of Clinical, Pathologic and Treatment Factors. Medicine [Internet]. 1985 Jul 1 [cited 2024 Apr 13];64(4):219
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Newer option

& Imlifidase is an enzyme derived from Streptococcus pyogenes
& Cleaves IgG within hours into F(ab) and F( ¢ ) fragments rendering it non-functional
& Does not improve renal status

& Phase II trials have shown its ability to clear anti-GBM antibodies readily and
effectively

& Currently a phase III trial is in enrolment stage to assess efficacy and safety of

Imlifidase in randomized control trial setting



DAH in other settings

¢ DAH secondary to SLE/APLA/other

auto-immune diseases
¢ DAH secondary to cryoglobulineamia
¢ Drug-induced DAH
¢ Idiopathic pulmonary haemosiderosis
® DAH due to excess anti-coagulation
¢ DAH in allogenic HSCT recipients

® DAH due to infection

% No data from large RCT

% Data on treatment extrapolated from

treatment of DAH in AAV or from case

series/observational cohort studies

4 Management of the underlying

condition is often the mainstay of

treatment




& A 2021 systematic review and metaanalysis examined 8 studies with 251 SLE patients
who had 262 episodes of diffuse alveolar haemorrhage

& All the patients had SLE according to ACR classification and DAH on the basis of

cough/dyspnea/haemoptysis, acute onset b/l lung infiltrates on imaging, drop of
Hb>1.5g/dL without bleeding elsewhere and haemosiderin-laden macrophages on

BAL/TBLB

& The article evaluated risk factors for poor outcome and responses to treatment in the
studies which were conducted in USA, S. Korea, China, USA, Columbia and
Sigapore.

Jiang M, Chen R, Li Z, Zhang X. Risk factors for mortality of diffuse alveolar hemorrhage in systemic lupus erythematosus: a systematic review and meta-
analysis. 2021 Feb 16;23(1).



Variables No. of Number of

Effects

studies enrolled episodes model

OR/SMD
(95%Cl)

P values Relationship Publication bias
(P value of Begg's test)

Demographic and clinical characteristics

Female

Disease duration

Lupus nephritis

NPSLE

Laboratory data and disease activity

Platelet 6

Drop of

hemoglobin

SLEDAI

Comorbidity and treatment

Infection 6

CTX treatment

MG treatment

Plasmapheresis

Mechanical
ventilation

Random

Fixed

Random

Random

Random

Random

Fixed

Random

Random

0.0%

0.0%

035 (0.08,

069 (031, 154)

028 (0.01,

096 (043, 2.15)

029 (- 0.86,
0.29)

% 034 (-0.17,

0.85)

% 048 (- 051,

1 AL\
40)

o 024 (—0.52,

0.99)

277 (1.55,495) 0.001

5% 074 (0.16,341) 0.700

128 (024, 687) 0.780

Increased

No
association

Increased

No
association

No

association

No
association
No
association
No
association
No
association

Increased
risks

No
association
No
association
Increased

risks

Increased
risks

ne (1.000)

ne (0.260)

ne (0.296)

ne (1.000)

None (0.260)

None (0.806)

ne ( OOO|

> (1.000)

ne (0.260)

ne (1.000)

ne (0296)

ne (0.806)

one (1.000)

They identified an increased
risk of mortality associated
with advanced age at

presentation, long duration of
disease, association of
infection and need for
mechanical ventilation and
plasmapheresis.

There was no association
between treatment with or
without cyclophosphamide.

The ones requiring
plasmapheresis may be sicker
at the onset and this may
explain higher mortality in this
group




DAH in HSCT

-




DAH in HSCT




DAH in HSCT

Vo V. N

These form the basis of managing DAH with immunosuppressive therapy (no RCT)
IV corticosteroids (methylprednisolone) 250 mg-2g/day for 5 days, followed by 1mg/Kg prednisolone tapered over 2-4
weeks (basis: retrospective observational studies and anecdotal reports)
No role of other immunosuppressive therapies and PLEX has been demonstrated

N A

Loecher AM, West K, Quinn TD, Defayette AA.

Bekele Afessa, Ayalew Tefferi, Litzow MR, Krowka MJ, Wylam ME, Management of diffuse alveolar hemorrhage in the

Peters SG. Diffuse Alveolar Hemorrhage in Hematopoietic Stem Cell hemato!ooietic Saei ceI'I tran.splantation
Transplant Recipients. 2002 Sep 1;166(5):641-5. population: A systematic review. Pharmacotherapy

[Internet]. 2021 Nov;41(11):943-52




[diopathic pulmonary haemosiderosis

& A 2022 systematic review examined cases of IPH and Lane-Hamilton syndrome (IPH+celiac disease)

between 1971 and 2022

& They found that although majority of patients were diagnosed at a young age, delay in diagnosis of
[PH was substantial

& The patients with only IPH has been treated with glucocorticoids in >90% of cases and about 10% of
them required additional immunosuppression (CYC)

® Only 40% of cases of Lane-Hamilton syndrome were treated with GC and few of them were treated
with gluten free diet.

¢ They found a rate of recurrence of around 56% in IPH patients and 28% in LHS

& In a follow up period of about 3 years, 21% of IPH patients died despite treatment (0% among LHS
group)

Saha BK, Datar P, Aiman A, Bonnier A, Saha S, Milman NT. Comparative Analysis of Adult Patients With Idiopathic Pulmonary Hemosiderosis and Lane-Hamilton
Syndrome: A Systematic Review of the Literature in the Period 1971-2022. Cureus [Internet]. 2022;14(3):e23482.



¢ DAH secondary to SLE/APLA/other

auto-immune diseases

& DAH secondary to cryoglobulineamia

¢ Drug-induced DAH

& Idiopathic pulmonary haemosiderosis




® DAH due to excess anti-coagulation

¢ DAH in allogenic HSCT recipients

¢ DAH due to infection

& DAH due to MS/CCF




rFACTOR VIla for DAH

@ rFVIla is a haemostatic agent and approved for treatment of hameophilia A and B
(who acquired Ab to factor VII and IX)

@& A retrospective study reported characteristics and outcomes in patients between 2003

and 2013 who received rFVIla for diffuse alveolar haemorrhage (n-23)

& All patients received rFVIla at a dose of 35-120 mcg/Kg every 2 hours for total 4
times/day (standard dose was 75 mcg/Kg)

& All received standard of care immunosuppression additionally

& Treatment was deemed successful if Haematocrit was stabilized along with

resolution/stabilization of Pulmonary infiltrates and ventilatory parameters

Pathak V, Kuhn J, Gabriel D, Barrow J, Jennette JC, Henke DC. Use of Activated Factor VIl in Patients with Diffuse Alveolar Hemorrhage: A 10 Years
Institutional Experience. Lung. 2015 Mar 23;193(3):375-9.



Diagnosis No., of Mean age  Alveolar ICU admission  Intubation RFVIa dose  Other treatments Martality
patients  (years) hemomhage {mean) (mg)

ANCA vasculitis " 48 Resolved Yes &9 09 Flasmapheresis, corticosteroids, and cytotoxic drugs 1M
Bone marrow transplant (07 44 Resolved Yes &7 Patelet transtusions and carticosteroids

Good pasture’s syndrome ‘ Resolved Yes V3 Plasmapheresis, carticosteroids, and cytotoxic drugs

SLE (2 L Resolved Yes ' : Pasmapheresis, platelet tmnsfusion, and corticosterids

e 01 7 Resolved No . ! Patelet transtusion, IVIG, and conticostermids
Cryoglobulinemia 0l Resolved Yes . Plasmapheresis, carticosteroids, and cytotoxic drugs

Total 23 1823

ANCA anti-peutrophil ¢ytoplasmic antibody, SLE systemic lupus erythematosus, TP idiopathic thrombocytopenic purpura, /VIG intravenous immunoglobulin
Resolved In one patient with Good pasture’s syndrome, bleading did not stop and the patient died
(ther treatments The corticosteroids used was methy lprednisone: cytotoxic drugs used were either cyclophosphanude or rntuximab based on the severity of illness

Etiology of DAH
22 of the 23 patients required ICU admission and 18

ILe
required mechanical ventilation
DAH resolved in 22 of 23 patients | MANCA vascutcs
However, 8 patients died (6 bone marrow transplant | T T~

recipient, 2 ANCA vasculitis) BGood pamure’s syndrome
BSLE

Deaths were due to multiorgan failure and progression of

underlying disease mirp

j LyoRobuineea

No thrombotic adverse events was observed due to rFVIla




Diagnosis No, of Mean age  Alveolar ICT admassion Intuhation  RFVIHa dose  Other treatments Martality
patients ears hemomhage {mean) (mg)

ANCA vasculitis ' K Resolved ( Flasmapheresis, corticosteroids, and cytotoxic drugs
Bone marrow transplant (7 4 Resolved 7 Patelet trmnstusions and carticosteroids

Good pasture’s syndrome | 42 Resolved - Plasmapheresis, carticosteroids, and cytotoxic drogs

SLE 02 trans fuson, and corticosternids
I'p . and conicostermids
Cryoglobulinemia . oids, and cylotoxic drogs

Total

ANCA anti-neutrophil ¢ytoplasmic unoelobulin
Resolved In one patient with Good

(Other treatmments The corticosternic sverity of illness

y of DAH
22 of the 23 patient

required mechanica

DAH resolved in 27
However, 8 patients &
recipient, 2 ANCA vasculitis)

Deaths were due to multiorgan failure and progression of
underlying disease

No thrombotic adverse events was observed due to rFVIla




CONCLUSION

¢ DAH is a life-threatening manifestation of multiple disease processes

& It requires prompt identification and management as delay in diagnosis is a/w higher rate
of adverse outcome

® Management of DAH depends largely on treatment of the underlying inflammation
& Current mainstay of treatment: immunosuppression:

A. Induction with CYC/RTX (with or without AVACOPAN)+ IV pulse corticosteroid
(consider RTX better in relapsing disease)

A.  Maintenance with RTX/AZA + tapering glucocorticoids for adequate duration

B. PLASMA EXCHANGE has doubtful role

c. Newer adjunctive therapies



CONCLUSION

& Research lacunae: many large RCTs exclude patients with severe DAH, do not report
results of DAH subgroup separately and do not mention nature of pulmonary

involvement

& Larger RCTs are required to examine roles of newer therapies such as AVACOPAN,
rEVIla and IMLIFIDASE considering the high risk of side effects of cytotoxic agents

and long-term systemic glucocorticoids
& Role of IVIg can be reviewed (anecdotal reports of benefit)

& RCTs are required to evaluate treatment options in DAH associated with diseases

other than AAV/drugs/infections



Proposed management of DAH

® Induction of remission:

& IV methyl prednisolone 1 gram for 3 days
& IV Rituximab 375 mg/BSA once weekly for 4 weeks

¢ Continue oral prednisolone 1 mg/Kg/day for 1 week followed by 0.5 mg/Kg/day to
be tapered to <5mg/day 6 months and stop if possible

® Maintenance:

@ Rituximab 375 mg/BSA 6 monthly until 18-24 months



& Major relapse: re-introduction with Rituximab (same dose as induction)
® With or without additional pulse dose of steroids
& Alternative: Cyclophosphamide pulse doses (if renal involvement predominates)

® Minor relapse: increased dose of oral glucocorticoids (0.5 mg/Kg/day) and tapered
back to baseline dose by 4 weeks



& In refractory disease (remission not achieved by proposed regimen)

& Options include-
A.  Re-induction with CYC 15 mg/Kg/d 2 weekly for 3 doses and then 2 weekly until remission (3-6

months)

B. Alternatively, plasma exchange therapy (more chance of benefit in anti-GBM disease and in
patients with poor baseline/new onset renal impairment)

c. Additional pulse doses of methylprednisolone

& Experimental options-

A.  Recombinant factor VIla: 75 mcg/Kg/dose 2 hourly for 4 doses a day until DAH resolves
B. IMLIFIDASE



THANK YOU
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