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ANCA Associated Vasculitis (AAV)
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Randomized Trial of Plasma Exchange or High-Dosage
Methylprednisolone as Adjunctive Therapy for Severe
Renal Vasculitis

David R.W. Jayne,* Gill Gaskin,T Niels Rasmussen,* Daniel Abramowicz,® Franco Ferrario,!
Loic Guillevin," Eduardo Mirapeix,** Caroline O.5. Savage,’™ Renato A. Sinico,!

Coen A. Stegeman,™ Kerstin W. Westman,®¥ Fokko J. van der Woude, !l

Robert A.F. de Lind van Wijngaarden,™ and Charles D. Pusey; on behalf of the European
Vasculitis Studv Groun®

ABSTRACT A

systomic vasculitis assocated with autcantibodics to neutrophil cytoplasmic antigans (AMCA) s tha most 1

frequent cause of rapidly progressive glomerulonephritis. Renal failure at presentation carries an increased
risk for ESRD and death despite immunosuppressive therapy. This study investigated whether the addition
of F-EEEI.'I'I-E exchange was more effective than intravenous methylprednisolone in the achievement of renal
F-E{I:W'E"_il' in th:rs.e wl'in prasented with a serum creatinine =500 pmol/L (5.8 n'hga"cH:lIA total of 137 patients |

MCA-associated systemic vasculitis confirmed by renal biopsy and serum creatinine
=500 umol/L (5.8 mg/d were randomly assigned to receive seven plasma exchanges (n = /() or 3000 mg
af intravenous mathylprednizolons (n = &7} Both groups recoived aral eyclophosphamide and oral prod-

nisalone, Tha primary end polnt was dlalysis independance at 3 ma. Secandary arl-d paints included renal and
Fha'tlarrt survival at 1 yr and severe adverse avent rates. [

=]
P

=]
1&

[‘?553 mnﬂd&m intarval for t!'m dﬁqrmm 18 to 35%; P = 0.02).|A= compared with intravenous mathyl-

prednisolone,

Proportion of patients without ESRD
[=]

@ Pationt survival and sovero advorse ovont ratos

at 1 yrwere 51 (146%) of 67 and 32 of 67 (487%) in the intravenous methylprednisolone group and 51 (73%) of ]

0 and 35 of (50%) 70 in the plasma exchange group, respectively. Plasma exchange increased the rate of
renal recovery in ANCA-associated systemic vasculitis that presented with renal failure when compared with
intravencus methylprednisclonse, Patient survival and severe adverse event rates were similar in both groups.

Kpeatwvivn: 500 mol/L = 5.66 mg/dl.

J Am Soc Nephrol 18: 2180-2188, 2007. doi: 10.1681/ASN.2007010090
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Management and treatment of glomerular diseases - —
(part 2): conclusions from a Kidney Disease:

Improving Global Outcomes (KDIGO) Controversies OPEN
Conference

Brad H. Rowir . Dawn 1. Caster”, Daniel £ Cattran®, Keisha L Gibson', Jorathan 1 Hogan®,
Marcus ), Moeller®, Dario Boccatelka’, Michael Cheung”, David C Whesler |, Wolfgang C Winkelmayper
and Jorgen Floege' ; for Conference Participants

Kidney International (2019) 95, 281-295; https.//doiorg/10.1016/
| KINL2018.11.008

' New diagnosis or relapse ofﬁ
ANCA-associated vasculitis

l ,.

For new diagnosis, biopsy to Investigate
the extent of kidney involvement
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Rapidly progressive
ANCA-associated vasculitis
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~ CYC with RTX with
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> 4 mg/dl (354 pmol/l) serum + Pulmonary

e of crescentic GN | hemorrhage
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The NEW ENGLAND JOURNAL of MEDICINE

Plasma Exchange and Glucocorticoids
in Severe ANCA-Associated Vasculitis

M. Walsh, P.A. Merkel, C.-A. Peh, W.M. Szpirt, X. Puéchal, S. Fujimoto,
C.M. Hawley, N. Khalidi, O. FloRmann, R. Wald, L.P. Girard, A. Levin,
G. Gregorini, L. Harper, W.F. Clark, C. Pagnoux, U. Specks, L. Smyth, V. Tesar,
T. lto-lhara, J.R. de Zoysa, W. Szczeklik, L.F. Flores-Sudrez, S. Carette,
L. Guillevin, C.D. Pusey, A.L. Casian, B. Brezina, A. Mazzetti, C.A. McAlear,
E. Broadhurst, D. Reidlinger, S. Mehta, N. Ives, and D.R.W, Jayne,

for the PEXIVAS Investigators®
N Engl J Med 2020;382:622-31.

DOI: 10.1056/NE]Moal803537
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We conducted a randomized trial with a 2-by-2 factorial design to evaluate the use
of plasma exchange and two regimens of oral glucocorticoids in patients with se-
vere ANCA-associated vasculitis (defined by an estimated glomerular filtration rate
of <50 ml per minute per 1.73 m? of body-surface area or diffuse pulmonary hemor-
rhage). Patients were randomly assigned to undergo plasma exchange (seven plasma
exchanges within 14 days after randomization) or no plasma exchange (control
group). Patients were also randomly assigned to follow either a standard-dose regi-
men or a reduced-dose regimen of oral glucocorticoids. Patients were followed for up

to 7 years for the primary composite outcome of death from any cause or end-stage
kidney disease (ESKD).

A Primary Outcome According to Plasma Exchange
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ANCA ATTEIITIZ — KPEATININH - MA

VASCULITIS, ANCA-ASSOCIATED (AAYV)

Incidence: 1-3/100,000/yr (geographical and ethnic

differences; MPA: 48-65%. GPA: 25-40%, EGPA: 10-12%) MPA /GPARI V

# reported patients: > 300

Indication Procedure KRecommendation  Category
RPGN, Cr=5.7 mg/dl* TPE Grade 1A |
RPGN, Cr <57 mg/dl* TPE Grade 2C I11
DAH TPE Grade 1C I

EGPA TPE Grade 2C I11

RCT CT Cs CR

10{ 1091 ) 3(345) NA NA

MPA = mucroscopic polyangiitis; GPA = granulomatosis with polyangitis; EGP A = eosmophilic granulomatosis with polyangutis; RLY = renal-
limited vasculitis; RPGN, rapidly progressive glomemulonephntis; DAH = diffuse alveolar hemorrhage;

*Cr thresholds for renal function at presentation adopted from

Yates, 2016; Cr 25.7 mg/dl includes “on dialysis™.

American Society for Apheresis

J Clin Apher. 201934:171-354.
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EULAR/ERA-EDTA recommendations for the
management of ANCA-associated vasculitis

M Yates,'* R A Watts,* | M Bajema,” M C Cid,> B Crestani,® T Hauser,’

B Hellmich,® J U Holle,” M Laudien,'® M A Little,"" R A Lugmani,'? A Mahr,"
P A Merkel,"* J Mills,"® J Mooney," M Segelmark,'® ' V Tesar,'® K Westman, '
A Vaglio,?® N Yalcindag,?' D R Jayne,?? C Mukhtyar'

PLEX use is usually reserved for patients with either
severe renal impairment or those with diffuse alveolar haemor-
rhage.®” ™ The largest trial published to date is MEPEX which
recruited those individuals with either a serum creatine

>500 pmol/L (5.7 mg/dL) or those requiring dialysis.®”

Yates M, et al. Ann Rheum Dis 2016;75:1583-1594
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— N Engl J Med 2008;359:1502-7
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anti-GBM voooc kal nAaopadaipeon

ANTI-GLOMERULAR BASEMENT MEMBRANE DISEASE
(GOODPASTURE SYNDROME)

Incidence: <2/1 000,000/yr Indication Procedure Recommendation Category
DAH TPE Grade 1C |
Dialysis-independence TPE Grade 1B | |
Dialysis-dependence®, no DAH TPE Grade 2B [11 I

CT CS CR
0 22(516) NA

# reported patients: =300

DAH = diffuse alveolg
*At presentation (i

hemorrhage:;
dY indicates “dialysis-dependence”

American Society for Apheresis
J Clin Apher. 2019;34:171-354
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JOHN P. JOHNSON, MDD, JACK MOORE, Jr., M.D, HOWARD A. AUSTIN, 1H, M0},
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Therapy of Anti-Glomerular Basement Membrane Antibody
Disease: Analysis of Prognostic Significance of Clinical,
Pathologic and Treatment Factors

JOHN P. JOHNSON, MDD, JACK MOORE, Jr., M.D, HOWARD A. AUSTIN, 1H, M0},
JAMES E. BALOW. M.1), TATIANA T. ANTONOVYCH, M., aNp
CURTIS B, WILSON, M.D!

&

Patients randomized to Group I (immunosuppression alone)
received oral prednisone 2 mg/kg daily for 1 week, which was
reduced to 1 mg/kg daily for the next 3 weeks, then tapered to
alternate-day dosage for the next 3 months. Cyclophosphamide
was given orally at 2 me/kg daily for 3 months beginning
concomitantly with prednisone, then 1 mg/kg/d for the remain-
der of treatment. Patients in Group 1l iplasma exchange) re-
ceived the identical drug regimen with the addition of|4-liter
plasma exchanges every 3 days.|Plasma exchange was continued
until anti-G:BM antibody titer was less than 5% binding or the
patient had been siable on maintenance hemodialysis for longer
than 30 davs. For patients in both groups, cyclophosphamide




Therapy of Anti-Glomerular Basement Membrane Antibody
Disease: Analysis of Prognostic Significance of Clinical,
Pathologic and Treatment Factors

ENTRY SERUM CREATININE (mg:dl)
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Therapy of Anti-Glomerular Basement Membrane Antibody
Disease: Analysis of Prognostic Significance of Clinical,
Pathologic and Treatment Factors
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Therapy of Anti-Glomerular Basement Membrane Antibody
Disease: Analysis of Prognostic Significance of Clinical,
Pathologic and Treatment Factors

TABLE 4. Incidence of renal failure by levels of
prognostic factors

e T T riar T R — ] —

Prognostic Factor®* Numbert Failurest p Value§
Entry serum creatinine (mg/dl)
53'0 J l therapeutic modality. Thus, though plasma ex-
s 0 _ . o 8 / change may offer some advantage over immuno-
Anti-GBM Antibody Titer (%) <1 suppression alone in the treatment of this disease,
<24 7 1 degree of pathologic involvement appears to be the
=24 10 T major {actor affecting outcome. Patients with low
cresents (< 30%) and well preserved function did
Pe;'éeont crescents <.05 well with either treatment, while patients with se-
8 1 vere crescentic involvement and impaired glomer-
- :'%'_5 0 1 6 N ular filtration rate did poorly.
Treatment >.2
Drugs alone 9 6
. Drugs + PE 8 2 y




Therapy of Anti-Glomerular Basement Membrane Antibody
Disease: Analysis of Prognostic Significance of Clinical,
Pathologic and Treatment Factors

Thus, though plasma ex-
change may offer some advantage over immuno-
suppression alone in the treatment of this disease,
degree of pathologic involvement appears to be the

major factor affecting outcome. Patients with low
cresents (< 30%) and well preserved function did
well with either treatment, while patients with se-
vere crescentic involvement and impaired glomer-

ular filtration rate did poorly.




Chapter 14: Anti-glomerular basement membrane

antibody glomerulonephritis

Kidmay Infernationa! Supplemenss (20120 2, 240-24% dor101038 kisup 201 2,27

14.1: Treatment of anti-GBM GN

14.1.1:

We recommend initiating immunosup pression
with cyclophosphamide and corticosteroids
plus plasmapheresis (see Table 31) in all
patients with anti-GBM GN except those who
are dialysis-dependent at presentation and have
100% crescents in an adequate biopsy sample,
and do not have pulmonary hemorrhage. (IB)



Cr >5.7 mg/dl

antiGBM




Cr >5.7 mg/dl




Cr >5.7 mg/dl

AAV antiGBM
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Alayvwon AAV vs antiGBM

* AvoooAoyikoc €Aleyxoc (ANCA, MPO, PR3, antiGBM)

* Buoyia



Alayvwon AAV vs antiGBM

* AvoooAoyikoc €Aleyxoc (ANCA, MPO, PR3, antiGBM)

* Buoyia
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antiGBM ka A
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AAV n antiGBM + TIVEULOVLK




AAV n antiGBM + rtveupovikn atpoppaylo




OpopuBwTtikn pkpoayyelonabela (OMA)



Primary TMA: hereditary A Primary TMA: acquired

B .

Secondary TMA Infection associated TMA

Clin J Am Soc Nephrol 13: 300-317, 2018



OMA kot 1A

Thrombotic microangiopathy, TPE THED, DGKE, and PLG I11 2C
coagulation mediated mutations
Thrombotic microangiopathy, TPE Factor H autoantibody | 2C
complement mediated TPE Complement factor gene II1 20
mutations
Thrombotic microangiopathy, drug TPE Ticlopidine [ 2B
associated TPE Clopidogre] I1 B
TPE Gemeitabine/Quinine v 2C
Thrombotic microangiopathy, TPEMA STEC-HUS, severe 111 2C
infection associated TPE pHUS I C
Thrombotic microangiopathy, TPE | 1A
thrombotic thrombocytopenic
purpura (TTP)
Thrombotic microangiopathy, TPE I 2C

transplantation associated




OpopuBwtikn OpopPornevikn Mopdupa
Thrombotic Thrombocytopenic Purpura (TTP)



Oeparmneio TTP pe mhaopadaipeon

Adoaipeon avaoToAEa KoL
xopnyynon ADAMTS13

Subendothehal
ce!l T

Me tnv MA n Bvntotnta ano 90% £neoe ota 25%
50% umotporH



TTP — Alokomn adaipeonc

 TPE is generally performed daily until the platelet
count is >150 x 109/L, and LDH is near normal for

2-3 consecutive days.

American Society for Apheresis
J Clin Apher. 2019;34:171-354
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2.UvOpopo utrepyAoiotntac (2YT)

« AUEnon o@aIpIVWV(AVTIOWHUATWY) AOYWw aldaToAOYIKAS VOOOU
(TroAAQTTAOUV pUéAwpa R vooog Waldestroem)

« AU&non 1€wdoug — yAoloTNTAG TTAACHATOC

«  KegpalaAyia, kakouyia, UTTvnAia, aKOUOTIKEC/OTTITIKEC DIATAPAXEC,
OTTAOMOI, KWHQ




[A kol 2YT

HYPERVISCOSITY INHYPERGAMMAGLOBULINEMIA

Incidence: 5/1,000,000/yr Indication Procedure Recommendation Category
Symptomatic TPE Grade IB |
Prophylaxis for rituximab TPE Grade 1C I

# reported patients: =300 RCT CT Cs CR

Symptomatic 0 3(46) 21(279) NA

Prophylaxis for rituximab 0 0 3i{45) 3(3)

American Society for Apheresis
J Clin Apher. 2019;34:171-354



[Aolotnta - LEWOEC

Measurement units of viscosity

- pascal seconds (Pa-s)
 millipascal second (mPa-s)
- centipoise (cP)

0.001Pass = TmPas = 1cP

pascal seconds millipascal seconds centipoise

https://www.thinkymixer.com/en-us/library/topic/about-viscosity-difference-in-viscosity-seen-with-your-own-eyes/



Shortening/Lard

Viscosities of various materials | = Mustard paste

(T:ypical exar:nples app:roximate v:alues . oo ki

At room temfperat’tjr‘e around 20-24 ° Q) : ' Rice jelly(Tdr
. - : ¥ J = Pomade
E : | ' = Toothpaste
! ' : E Honey !
| ; : | ~ Mayonnaise '
 Low viscosity | % Strawberry jam ; :
5 ' ' “ Gumsyrup | : ; -
5 = Eggyolk . High viscosity
E ! Y(:)gurt | E A ' . .
5 Loty starchl 5 UItra-hlgb viscosity
E i = Water-based printing ink ;
E Silicone adhesive ;
© Saladoll | 4 : <!
; i = Petrolenginecii  Medium viscosity
5 = Worcester sauce ' ‘ :

Water i i i :
i i i i i i i
cP 10 100 1,000 10,000 100,000 1,000,000 mPa-s

(0.0001)  (0.001) (0.1) (1) (10) (100) (1,000) (Pa-s)



Ertiteda Ig kot 2YT

* «Symptoms of hyperviscosity usually appear
when the normal serum viscosity of 1.4 to 1.8 cp

reaches 4 to 5 cp,
corresponding to a serum

lgM level of at least 3 g/dL, an

1gG level of 4 g/dL, and an

IgA level of 6 g/dL»

Worcester sauce: 6-7 cp

Semin Thromb Hemost 2003; 29(5): 467-472



lgs, LEyeBoc, Katavoun Kot anopakpuvon pe MNMA

=i i

Removal of IgM
Ward DM, Updates to Harrison's Principle’s
of internal Medicine, Volume Y, 1984

Monoclonal IgM (mg/dl)

Plasmapheresis procedures

Waldenstrom’'s macroglobulinemia
* IgM is large (—970.000 Daltons)
« 85% of IgM stays intravascular

Removal of |QG
Ward DM, Updates to Hamison's Principle’s
of Internal Medicine, Volume W, 1984

lgG Autoantibody titer

Plasmapheresis procedures

Most antibody mediated diseases:
* 1gG is smaller (-146,000 Daltons)
* Only 30%-40% 1s intravascular




AntoteAeopatikotnta MA oe 2YI aro IgM

Removal of igM
(Ward DM, Updates to Harrison’s Principle’s
of Internal Medicine, Volume V, 1984)

Monoclonal IgM (mg/dl)
5000

Plasmapheresis procedures

Waldenstrom’'s macroglobulinemia
* IgM is large (~970,000 Daltons)
* 85% of IgM stays intravascular

“IlgM is 80% intravascular and serum viscosity rises

steeply with increasing IgM levels.

Thus, a relatively small reduction in IgM

concentration has a significant effect on lowering

serum viscosity.

TPE reduces viscosity 20-30% per treatment.”

American Society for Apheresis
J Clin Apher. 2019;34:171-354



WM, 2YT, Rituximab, IgM kot MNMA

140007 Annals of Oncology 15: 1481-1483, 2004
— WM 1
12000 B WM 2
\ e WM 3
__ 10000 , - - WM
- | r
. — W 5
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0 2 4 B B 10 12 14

Figure 1. Senal IgM serum levels for 11 patients with Waldenstrom's
macroglobulinermia who recerved treatment with rituximab. P denotes

patient required plasmapheresis for hyperviscosity.

“A transient increase in IgM level after

rituximab therapy (flares), has been reported

TPE should be considered before giving

rituximab if serum viscosity >3.5 cp or
IgM >4 g/dL.

to lower IgM to <4 g/dL prior to rituximab

therapy.”

American Society for Apheresis
J Clin Apher. 2019;34:171-354
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MA Kot vwdoyovo

e KaBnuepwec NA pe aABoupivn

D

* YouNAO wvwbdoyovo

D ¢

* Awoppayikn dtabeon

-

* MapakoAouBOnon erumedwv tvwdoyovou

* MpooBnkn FFP



Eykupoouvn kat wwdoyovo

TARLE 1. Hecommendations for Conducting Therapeutic
Flusma Exchange in g Fregwant Pativod

Recommendigim

Reaswming

Leh Lateral Decabios
Pasitaomn

Adjustment of Plasmn
Wisloiree:

Prevention of
hvpocakeemin

Flacing the patsent i shghic 0 el
dicubitus posiion may eelp odnimiee
II:I|.|.'Ii1|I VEET LaIva L"I‘I:Iifl'rl."\'\-illll aikl
poor vascular reium

Incrense caloulated plasma valume by
ARt acconnt lor phvsiloge:
changes pssociated silh pregnancy wl
the sart of the 2nd ioimester

May conssler admimsteitasn of calciom
glucomue (strfing dosa 1 g) w

— e clenm ey Fibrinogeen levels Consider the lower limit of normal

Fbrinosen levels Consider the lower limit of ol =
librinoeen o e S0% hiezler toan the baie i 5 - e -
e i il pabnecv [ibrinogen to be 50% higher than the
HI'\- OF oS :\.:ll III"."\i!.'IIIL':n.' l\.'IL1II ] " e b " = -
ottt o i lower limit for non-pregnant individu-

plucEment Teid o include FFP i - . .

it morl i | als to account for physiologic chanees.

li_‘-::-rl-l.lTliup:'-u | Involverment of Uresieincs anmdior s

Obsietrics Fewl-Maternal Medwmne may help PUhtp[}]]ﬂ l]'l'[}CE [.']ll]'t"h Or 1 [}dl t}"l

Deterninaiion of Bh
Stargs and Bhig
AclrrmsErabim

with overall makagement of patint . . —
and fetu replacement fluid to include FFP if

Plasma exchange may reduce Bhlg o R : ;
levels below rocommended fevels clinically mdicated
He-almunimismn of Bhlg may e
considersd wller cessaiion of plasmao
enchiunge

Journal of Clinical Apheresis (2016)DOI: 10.1002/jca.21468
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