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FSGS (Focal Segmental Glomerulosclerosis)

Clinical features:

Mainly children, teenagers and young adults.
Proteinuria, sometimes persistent hematuria.

Nephrotic syndrome* in almost 100% of “Primary” type FSGS,
~ 50% of other subtypes of FSGS.

Often hypertensive.
Progressive renal failure: 70% reach end stage in 10 years.
Recurs in kidney transplants (only “Primary” type FSGS)

*Nephrotic syndrome =
heavy proteinuria (e.g. >3.5 g/day), enough to cause
low serum albumin (e.g. <3 g/dL), low enough to cause
edema, and also to cause secondary
hypercholesterolemia.




FSGS (Focal Segmental Glomerulosclerosis)

Treatment:

20 - 40% of nephrotic cases may be helped by corticosteroids.

Data also support use of
« cyclosporine,

« mycophenolate,

« cyclophosphamide,

* rituximab, etc.

Use ACE-inhibitors or ARB’s (non-specific).

Role of therapeutic apheresis TPE LDL-apheresis*

- for post-transplant FSGS Established | Meagre evidence
(ASFA Category 1)

- for native-kidney 1Y FSGS | Less evidence | Some evidence

* LDL-apheresis using dextran sulfate adsorption (Kaneka Liposorber®)




FSGS (Focal Segmental Glomerulosclerosis)

FSGS Is a group of diseases of the renal glomeruli:
Actually a pattern of response to injury that has multiple etiologies.

The “Primary” type recurs in kidney transplants.
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S Three patients with steroid-resistant
Hmmary idiopathic nephrotic syndrome were
studied at onset and during recurrent nephrotic syn-
drome after renal transplantation. Renal biopsies at the
onset of the nephrotic syndrome showed typical

urine does not clear of protein and these patients pro-
gress to renal failure. We have studied four such
patients at the onset of their disease and after renal
transplantation. The nephrotic syndrome recurred in
three of them shortly after renal transplantation.

Case-reports
FIRST CASE

This boy developed intermittent periorbital cedema at
74 vears of age. 6 months later the nephrotic syndrome was
diagnosed (fig. 1). Prednisone 80 mg. per day for 21 days
did not decrease proteinuria. 6 weeks later anasarca was
present and laboratory studies demonstrated a nephrotic
syndrome (rable 1). 7 months later, laboratory studies were
unchanged and prednisone 60 mg. per day was given for 20
days without decrease in proteinuria. 10 months later,
when renal function was decreasing, azathioprine (* Imu-

Hoyer JR, et al. Lancet. ii: 343-348, 1972
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Plasma exchange (TPE) for FSGS

for recurrent FSGS:
= Recurs post-transplant in ~ 23% of adults with primary FSGS.

= Recurrence rates higher in children.
= Recurrence rates higher if previous transplant loss to recurrence.
= TPE for post-transplant recurrence is well established (1-11).

for native-kidney FSGS:
= _..less evidence.

) Zimmerman S\W: Nephron 40:241-245, 1985

) Valdivia P, et al. Transplant Proc 37:1473-1474, 2005

) Schachter ME, et al: Clin Nephrof 74:173-181, 2010

) Ponticelli C, Glassock RJ: Clin J Am Soc Nephrol 5:2363-2372, 2010
) Moroni G, et al. Transpl Int 23:208-216, 2010

) Gungor O, et al. Transplant Proc 43:853-857, 2011

) Tsagalis G, et al. Artif Organs 35:420-425, 2011

) Gonzalez E, et al. Pediatr Transplant 15:495-501, 2011

) Straatmann C, et al. Pediatric Transplantation 18:29-24, 2014
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P 59 KAINIKH EKBAXH KAI NAPANONTEELZ KINAYMNOY XE AZBENEIEZ ME
EXrTiAKH TMHMATIKH ENEIPAMATOEIKAHPYNIH META ANO
METAMOIXEYEIH NE@POY
I. FTpB£ac'#, M. World?

1401 Meviko Zpanwnxd Noocokopeio A8mvaov
ZUniversity Hospital “Queen Elizabeth”, Birmingham, UK

2KOTOG: H umoTpoTA veppwaikoU cuvdpOHoU HETA aTtO VEPPIKA HETAPOOX EUON 0E AOBDEVEIC e €0TIAKA
TUNHATIKA omeipapaTookAnpuvon (ETZX) mapapéver pia ouxvih Kair  ampoPAemTng €§EMENG emITTAOKA.
O1 mapdyovteg KiIvdUvou umoTpom¢ Bev €xouv EekdBapa avayvwpioBei. H mapoloa peAETn
ox£d1d0OnKe yia va avaAUoel Thv KAIVIKA €KPaon Kal Toug TTapdyovTeg KivBUvou UTTOTPOTIAG via ETZ X
o€ aoBeveic PeTA amd PeTaOOXEUON VEQPOU.

YAkO-M£Bodor: Avadpopikd peAeThOnkav dedopéva amd 31 acBeveic pe ETZZ, o1 omoiol umopARBnkav
o€ HeTapoéoxeuon veppou oc didoThpa B eTwv.

AmoTeAéopara: YToTpoT ve@pwOaikoU ouvdpOHoU TapdTnphOnke oc 7 AATITEC vePpPIKOU HooXEUHATOC
(22,6%). O1 86TeC TWv AoBevv TTOU UTToTpoTiadoav ATav vewTepol (32 €TWV) amd TOUG UTTOAOITIOUC
d6Tec (64 eTWwv). TTapdAAnAa kai o1 AATITEC TTOU UTOTpoTTiacav ATav vewTepol (Héon nAikia 36 évavTi
44 e1wv). O xpdvog YuxphAC 1oxaidiac oToug acBevei¢ ToU uToTpoTiacav RTav 9 Wpeg evw O0ToOUG
umohoimmoug 15 wpec. H ETZX  epgavioBnke peTd Thv HETAUOOXEUOh KUpiwWG OTOoUG aoBeveic pe
10TopIKO 1810mTaBouc ETZZ. Ofcia amdppiyn edpavioOnke povo oe évav acOevA pe umotpomh (14%),
evl) oThv umdAoimh opdda Twv acBevwv mapatnphiBnke oe 6 (25%). Kai o1 7 AATTTEC pooxeUUATOC
OTOUC oTroiou¢ emravepgavioBnke n ETZXZ  umoPARBnkav o kaBévac oe 10 kartd péco ouvedpieg
mAaopagaipeong. 4/24 (16,6%) kai 4/7 (57%) amd Tic dVo opdde¢ acBevv uTEdThoav ATWAEIA
VEPPIKOU HOOX EUHATOG.

2upmépaopara:  AoBeveic pe 181omaBn ETZZ mou umoPAROnkav e peTapdéoxeuon veppoU €Xouv
e€aipeTikd aunuéveg mMOAVOTNTEG UTTOTPOTIAG TNG VOOOU. 2€ AUTEC TIC TEPIMTWOEIC N emiPpiwon Tou
VEPPIKOU HoOoxeUUaTog eivar  HIKpOTEPN. 2e& avtiOeon pe dAAec peAéTeC n hAikia Tou d6Tn Oev
mapouaialeTtal w¢ mapdywv KIvOUVOU Yid UTIOTPOTIy TG VOOou. Ta eUpAuATa pag ouvnyopoUv He
pePovwHéva euphpaTa The PiPAioypagiag 6mou emeio6dia ofciac amdppiyng dev eppavifovrar ocuxvd oe
aoBeveic e UTTOTPOTIA TNG VOOOU.



FSGS (Focal Segmental Glomerulosclerosis)

Primary FSGS:
= Plasma from patients with Primary FSGS can cause:
» Proteinuria in experimental animals.
+ Shrinking of cultured glomeruli in vitro.
= Due to endogenous circulating glomerular permeability factor(s).
= Candidate molecules, none proven:
- Small, highly glycosylated, hydrophobic protein(s) / peptide(s),
30 to 50 kDa, poorly characterized.
« sUPAR (soluble urokinase-type Plasminogen Activator Receptor).
« CLC1 (Cardiotrophin-like cytokine 1).
+ others
Mote all are < 50 kDa (molecular weight)

McCarthy ET, Sharma M, Savin VJ. Circulating permeability factors in

idiopathic nephrotic syndrome and focal segmental glomerulosclerosis.
Clin J Am Soc Nephrol 5:2115-2121, 2010
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Glomerular endothelial cell fenestrations: an integral component of the
glomerular filtration barrier

Simon C. Satchell' and Filip Braet®

'Academic Renal Unit, University of Bristol, Southmead Hospital, Bristol, United Kingdom; and *Australian Kev Centre for
Microscopy and Microanalvsis, The University of Svdney, New South Wales, Australia

Table 1. Comparison of the three tvpes of endothelial cell

fenestrations
Endothelium in Which Fenestrations are Expressed
Swstomc
capillarnes, “Ihscomtinuous
.z pastrointestinal endothelinm,
and renal e hopatic
penimubular sinusoidal Glomerular
American
Endothelial type Fenestrated Discontinuwous Fenestrated Physiologs
Diaphragon Yes Mo Mo Society
[Mameter. nm G070 1175 G0R0
P%-1 expression Yes Mo (only in Mo {only in
development) development)
Cytoskeletal ring T Yes 7
Cholesterol ring T Yes ?
Basal lamina Yes Mo Yes
Glycocalyx Yes 7 Yes
P%W-1. plasmalemmal vesicle-associated protein-1; 7, unknown.

VEGF-A

What Factors Stimulate the Development of Fenestrations?

The observation that high levels of VEGF expression are
found in epithelial cells closely associated with fenestrated
endothelia led to the hypothesis that VEGF induces endothelial Nucleus
fenestrations (25, 44). This hypothesis has been investigated e
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Normal Glomeruli
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Focal = some glomeruli not affected
Segmental = some parts not affected
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Normal Glomerulus - Diagram
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Normal Glomerular Capillary Loop
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Normal Glomerular Capillary Loop

Micrograph © The McGraw-Hill Companies Inc, 2011



Podocyte Foot Process Architecture




Normal Glomerular Capillary Loop
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lllustration from Sever S et al, J Clin Invest 117:2095, 2007




Podocyte Foot Process Architecture

Circulating glomerular
permeability factors can
cause Minimal Change

Nephropathy and A0S comps
Primary FSGS piates / Em -
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lllustrations from Sever S et 3, J Chn Invest 117:2085, 2007 and Ronco P, (edtonal) J Clin Invest 117:2081, 2007




Podocyte Foot Process Effacement

Healthy:

Endothalix
ghycocalyx

Urinary filtrate

Giomerular capiliary lumen

Collapsed / “effaced”:

Uninary fillrate

Podocyle tusion Reorganization of
and collapse actin cytoskeleton

Glomerular caplilary lumen

lllustrations from Sever S et 3, J Chn Invest 117:2025, 2007 and Ronco P, (editorial) J Clin Invest 117:2081, 2007




Podocyte Foot Process Effacement

In Minimal Change Disease:
» podocyte effacement is
reversible with steroids

In Primary FSGS:

» podocyte effacement

» progresses to podocyte
cell death

= with consequent sclerosis
of the underlying
glomerular capillary tuft.

Electron micrographs courtesy Dr Lindskog Johnsson 2014



FSGS is a group of diseases

Primary
FSGS

Secondary
FSGS

Familial
FSGS

“Collapsing”
form of FSGS

FSGS due to
scarring from
other GN

Efiology/
mechanism

Circulating factors
toxic to podocyte

integrity.

Adaptive injury
(hyperfiltration
damage).

Genetic defects of
podocyte and slit-
pore proteins.

Toxins & viruses
(HIV, parvo B19,
pamidronate, etc.)

Mon-specific scarmng
after inflammatory
types of
glomerulonephritis.

}

FSGS is more common in
African Americans.

“Good gene, bad gene. The same
gene variants that promote
destruction of the kidney's filtration
units also combat Trypanosoma
brucei rhodesiense parasites”.

= Two APOL1 variants are common in
West African chromosomes.

= These variant genes produce a serum
factor that lyses trypanosomes.

® But confers FSGS odds ratio of 10.5

= And hypertension-attributed ESRD
odds ratio of 7.3

Genovese G, et al. Science 328:841-845, 2010
Leslie M. Science 329263, 2010 (Editonal)




FSGS is a group of diseases

Etiology/ Histological e Y
mechanism hallmarks For trials of TPE
and other therapies,

Primary Circulating factors Foot process effacement is | _ )
FS5GS toxic to podocyte diffuse and global. im F]Fl-l'[al'lt to ensure
integrity. Sclerosis is focal & segmental. subjects have

rnmary FSGS.
\Lu J

Secondary Adaptive injury Foot process effacement is
FS5GS (hyperfiltration focal and segmental.

damage). Glom & tubular hypertrophy.
Familial Genefic defects of ariable depending on affected
FSE5 podocyte and siit-pore  gene.

proteins.



FSGS is a group of diseases

Primary
FSGS

Secondary
FSGS

Familial
FSGS

Etiology/
mechanism

Circulating factors
toxic to podocyte

integrity.

Adaptive injury
(hyperfiltration
damage).

Genetic defects of
podocyte and slit-pore
proteins.

+
+

Predict

= recurrence in transplant
= response to TPE

Fredict

= NO recurrence in transplant
= no response to TPE




Glomerular Permeability Factors in FSGS

Glomerular permeability factors —
candidate molecules

= Small, highly glycosylated,
hydrophobic protein(s) / peptide(s),
30 to 50 kDa, poorly characterized.

= sUPAR (soluble urokinase-type
Plasminogen Activator Receptor).

= CLC1 (Cardiotrophin-like cytokine 1).

=  pthers



Glomerular Permeability Factors in FSGS

Candidate molecule:
Small, highly glycosylated, hydrophobic protein 30 to 50 kDa

= Poorly characterized because it disintegrates in vitro. (1)
= Permeability activity is decreased by plasmapheresis. (2)

= Proteinuric effect inhibited by galactose (3), but clinical benefit in
FSGS patients given oral galactose (4, 5) now disproven.

® The GVV (Glomerular Volume Variability) assay — test plasma dripped
on to cultured glomeruli as a biological assay of factor activity.

(1)

(2)

(3)
(4)
(3)

Savin VJ, et al. Circulating factor associated with increased glomerular
permeability to albumin in recurrent focal segmental glomernulosclerosis.
N Engl J Med 334:878-883, 1996

Savin VJ, McCarthy ET, Shama M. Permeability factors in focal
segmental glomerulosclerosis. Semin Nephrol 23:147-60, 2003
SavinV, et al. Transl Res 151:288-292, 2008

De Smet E, et al. Nephrol Dial Transplant 24:2938-2940, 2009

Kopac M, et al. Ther Apher Dial 15:269-272, 2011



Glomerular Permeability Factors in FSGS

Candidate molecule:
CLC1 (Cardiotrophin-like cytokine 1)
= CLC1lisin IL-6 family
(approx. 220 AA, 24kDa).

= Decreases nephrin expression
in cultured podocytes.

= CLC1 inhibitors reverse the
permeability effect of plasma
from FSGS patients.

= Data are preliminary.

McCarthy ET, Sharma M, Savin VJ. Circulating permeability factors in

idiopathic nephrotic syndrome and focal segmental glomerulosclerosis.
Clin J Am Soc Nephrol 5:2115-2121, 2010




Glomerular Permeability Factors in FSGS

Candidate molecule:
sUuPAR (soluble urokinase-type Plasminogen Activator Receptor)

2011: Research implicated “suPAR" present on podocytes:

» sUPAR levels (22 to 45 kDa fragments) are elevated in 70%
of patients with FSGS, but not in other glomerular diseases.

» [n animal models, suUPAR causes podocyte injury by
activation of 3 integrin.

» [n kidney biopsies, B3 integrin is found on podocytes in
patients with FSGS (but not other diseases).

Wei C, et al. Circulating urokinase receptor as a cause of focal
segmenial glomerulosclerosis. Nat Med 17.952-960, 2011



Glomerular Permeability Factors in FSGS

suPAR removal by plasmapheresis in recurrent FSGS
(post-transplant)

= |nitial studies of plasmapheresis (TPE):
+ clinical remission If suPAR levels <2,000 pg/mil.
+ serum no longer induces podocyte B3 integrin.

= |n 2 patients:
+ TPE failed to reduce suPAR levels <2 000 pg/ml.
+ did not achieve clinical remission.
+ serum still strongly activated B3 integrin.

Wei C, et al. Circulating urokinase receptor as a cause of focal
segmental glomerulosclerosis. Nat Med 17.952-960, 2011



Glomerular Permeability Factors in FSGS

Further evidence for a pathogenic role of suPAR

Study patients: Two cohorts with biopsy-proven primary FSGS:

= 70 patients from the North America—based FSGS clinical trial (CT).

= 594 patients from European PodoNet study of steroid-resistant nephrotic syndrome.

Results:

= FElevated suPAR in 84.3% (CT) and 55.3% (PodoNet), versus 6% of controls
(P=0.0001); inflammation did not account for this difference.

= Reduction of suPAR correlates with treatment and with reduction of proteinuria, with
higher odds for complete remission (P=0.04).

Conclusions:

= sUPAR levels elevated in geographically and ethnically diverse patients with F3G5.

= Reductions in suPAR levels comrelate with different therapeutic regimens and with
remission; this supports the role of suPAR in pathogenesis.

Unexpected finding:

= |n the PodoNet cohort, patients with an NPHS52 mutation had higher suPAR levels
than those without a mutation. (NPHS52 codes for Podocin.)

Wei C et al. Circulating suPAR in two cohorts of primary FSGS.
J Am Soc Nephrol 23:2051-2059, 2012



Glomerular Permeability Factors in FSGS

Contradictatory evidence for a pathogenic role of suPAR

Bock ME et al. Serum soluble urokinase-type receptor levels do not distinguish focal
segmental glomerulosclerosis from other causes of nephrotic syndrome in children.
Clin J Am Soc Nephrol 8:1304-1311, 2013

Franco-Palacios CR, et al. Urine but not serum soluble urokinase receptor(suPAR) may
identify cases of recurrent FSGS in kidney transplant candidates.
Transplantation 96:394-399, 2013

Meijers B et al. The soluble urokinase receptor is not a clinical marker for focal segmental
glomerulosclerosis. Kidney Int 85.636-640, 2014

Wada T, et al. A multicenter cross-sectional analysis study of circulating soluble urokinase
receptor in Japanese patients with glomerular disease. Kidney Int 85:641-648, 2014

Cathelin D, et al. Administration of recombinant soluble urokinase receptor per se is not
sufficient to induce podocyte alterations and proteinuria in mice. JASN 25:1662-1668, 2014

Harita Y, et al. Decreased glomerular filtration as the primary factor of elevated circulating
sUPAR levels in FSGS. Pediatr Nephrol 29:1553-1360, 2014
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Glomerular Permeability Factors in FSGS

suPAR: 241 patients from the NEPTUNE observational study
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“After adjusting for baseline suPAR concentration, age, gender, proteinuria, and time,
the change in suPAR from baseline was associated with eGFR, but this association
was not different for patients with FSGS as compared with other diagnoses. Thus
these results do not support a pathological role for suPAR In F5GS.7

Spinale JM et al. A reassessment of soluble urokinase-type plasminogen activator receptor
in glomerular disease. Kidney Int 87 564-574, 2015



Indications for TPE for FSGS

TPE for post-transplant recurrence:

» TPE is 1=tline therapy (plus mycophenolate, cyclophosph or ntuximab).
= ASFA (2013) recommendation:
« TPE daily x 3 days, then 3+/per wk for the next 2 wks.

 Then 2 - 3/wk until remission (monitoring urine protein quantitation
and serum creatinine); can take weeks to months. (1, 2)

s (Case Series:

« 17 TPE treatments in each of 7 adults, all with functioning
transplants 10 months later. (3)

« Remission rates of 80% in adults (4)
 Remission rate of 88% in children. (5)

(1) Schwartz J, Winters JL, Padmanabhan A, et al. J Clin Apher 28:145-284, 2013
(2) Sanchez AP and Ward DM, Semin Dialysis 25:119-131, 2012

(3) Valdivia P, et al. Transplant Proc 37:1473-1474, 2005

(4) Moroni G, et al. Transpl Int 23:208-216, 2010

(2) Gonzalez E, et al. Pediatr Transplant 15:495-201, 2011



Indications for TPE for FSGS

TPE for peri-transplant prophylaxis:

=10 patients at high nsk because of rapid progression (4) or prior recurrence in
a transplant (6) received 8 TPE treatments in the pen-operative penod.
* 3 had recurrence within 3 months (all had prior graft loss to recurrence);
2 developed ESRD, 3™ with significant renal dysfunction.
* { (including 3 with prior graft loss to recurrence) were free of recurrence
at follow-up (238-1258 days), mean creatinine 1.53 mg/dL. (1)

=More recently, in 34 pediatric transplant cases, prophylactic TPE post-
transplant appeared not to confer any outcome benefit compared with
treatment of actual recurrence. (2)

(1) Gohh RY, et al. Preemptive plasmapheresis and recurrence of FSGS in high-
risk renal transplant recipients. Am J Transplantation 5: 2907-2912, 2003
(2) Gonzalez E, et al. Preemptive plasmapheresis and recurrence of focal

segmental glomerulosclerosis in pediatric renal transplantation.
Pediatr Transplant 15:495-501, 2011



Indications for TPE for FSGS

TPE for primary FSGS (in native kidneys):

= TPE (averaging 17 treatmenis) plus corticosteroids and cyclophosphamide
achieved sustained remissions in 8 of 11 previously unresponsive adults. (1)
= TPE (six treatments) without consistent immunosuppressive drugs reduced
proteinuna in only 2 of 8 patients_ (2)
= Expert opinion “based on very limited experience” (3):
“Consider TPE for
« Severe disease manifestations despite an adequate trial of initial immuno-
suppressive therapy, in which very high levels of circulating permeability
factor have been demonstrated.
» Continued massive proteinuria and hypoalbuminemia despite exposure to
an adequate course of prednisone, cyclosporine, and mycophenolate.”

(1) Mitwalli AH. Adding plasmapheresis to corticosteroids and alkylating agents: does it
benefit patients with focal segmental glomerulosclerosis? Nephrol Dial Transplant
13:1524—1528, 1998

(2) Feld SM, et al. Plasmapheresis in the treatment of steroid resistant focal segmental
glomerulosclerosis in native kidneys. Am J Kidney Dis 32:230-237, 1998

(3) Appel GB and Cattran DC. Treatment of primary FSGS. In “UpToDate” & online.



VWhat does TPE do for FSGS?

Conventional plasma exchange (with albumin replacement):

= Established first-line treatment for recurrent FSGS (1-9)
= Sometimes useful pre-transplant in primary FSGS

» Removes macromolecules of all sizes:
= |gG (140 kDa)
suPAR (22 to 45 kDa)
llI-defined permeability factors (30 to 50 kDa)
CLC1 (24 kDa), etc., etc.
LDL-cholesterol (and other lipids)

(1) Zimmerman SW. Nephron 40:241-245, 1985

(2) Valdivia P, et al. Transplant Proc 37:1473-1474, 2005

(3) Schachter ME, et al: Clin Nephrol 74:173-181, 2010

(4) Ponticelli C, Glassock RJ: Clin J Am Soc Nephrol 5:2363-2372, 2010
(S) Moroni G, et al. Transpl Int 23:208-216, 2010

(6) Gungor O, et al. Transplant Proc 43:853-857, 2011

(7) Tesagalis G, et al. Artif Organs 35:420-425, 2011

(8) Gonzalez E, et al. Pediafr Transplant 15:495-501, 2011
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What does LDL-apheresis do for FSGS?
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factors (as efficiently as TPE)?

Eliminates nephrotic syndrome in a
majority of cases of pnmary FS5G57

#27

Muso

Urinary Protein [g/ day]

et al,
2015

Reduces hypercholesterolemia that
contributes to glomerular damage?
Somewhat improves proteinuria in
a variety of nephrotic diseases?




LDL Apheresis - systems available worldwide

LDL removal from separated plasma * = FDA-approved

1. Adsorption

« Liposorber (Dextran sulfate adsorption) *

« TheraSorb LDL (Anti-ApoB immunoadsorption)
2. Precipitation

« H.E.L.P. (Heparin-induced precipitation) *
3. Filtration

« Double Filtration Plasmapheresis (DFPP)

Direct LDL adsorption from whole blood
« Liposorber D (Dextran sulfate adsorption)

« Direct Adsorption of Lipoprotein (DALI)
(Polyacrylate adsorption)

Sanchez AP, Cunard R, Ward DM. The selective therapeutic apheresis procedures.
J Clin Apheresis 268:20-29 2013



H.E.L.P. system LDL-Apheresis

}.Braun “Plasmat Futura®®  Heparin-induced Extracorporeal LDL-Cholesterol Precipitation

plasma

blood
— Acidity (pH 5.12)
plus heparin causes
precipitation of
lipoprotein complexes
Precipitate
filter
ures
ﬁ;:“ﬁntﬂn
: Bicarbonate complesies
rom '|dmg-.:|: and
ultrafiltration

Ultrafilter

to caeet o1 |

Mo evidence - no reported use in FSGS.




Weak evidence for use in FSGS

Double-filtration (cascade) plasmapheresis (DFPP):.
» Returns albumin (67 kDa) and all smaller molecules to the patient.

#1: Plasma-filter
Pore size: large
Cut-off: =2000 kD

Membrane specifications
are those of Asahi products
[Asahi Kasei Kuraray
Medical Co., Tokyo 101-
E101, Japan)

Chizgram firom
J Cin Apheresis
26-230-234, 2011

from
patient

Globulin

#2: Plasma-fractionator

Pore size: medium
Cut-off: ~ 100 kD

LDL ~3000 kDa
IgM ~ 870 kDa
IgG ~ 140 K[Da

Effluent

Albumin ~ 67 kDa
Permeabilty factors
= 50 kDa

A few DFPP cases reported together with LDL-apheresis cases in FSGS publications.




Weak evidence for use in FSGS

Immunoadsorption (lA):

Anti-lgG columns
= Some reports say effective for recurrent FSGS. (1, 2)

= But they remove 1gG, not lipoproteins or small proteins <50 kDa.

Example: Globaffin ® columns use peptide ligand
PGAM146 to adsorb IgG (Fresenius, Germany).

* One case report using Globaffin |IA vs TPE claims effectiveness
of 1A. (3)

(1) Haas M, et al. Nephrol Dial Transplant 13:2013-2016, 1998
(2) Dantal J, Godfrin Y, Koll R, et al: J Am Soc Nephrol 9:1709-1715, 1958
(3) Morath C, et al. Am J Therapeutics 20:226-229, 2013



Weak evidence for use in FSGS

Impression:

» Claims for effectiveness of immunoadsorption (1A)
or double-filtration (DFPP) are based on minimal evidence:
+ |Aremoves lgG but not LDL or proteins <50 kDa.
+ DFPP removes IgG and LDL but not proteins <50 kDa.

Other column adsorption apheresis:
Protein A columns

* Only one report of effectiveness for recurrent FSGS (1)
» Removes lgG, but not LDL or small proteins <50 kDa, etc.

Tryptophan adsorption column:
* One center reports “Effective for steroid resistant FSGS'. (2)

(1) Dantal J, Bigot E, Bogers W, et al. N Engl J Med 330:7-14, 1994
(2) Beige J, etal. Am J Transplant 31459, 2003
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TABLE N. Category Definithons for Therapewtic A pheresis

Category

[rescription

I Drisoaders fior which aphemsis is accepted as fira-line
therapy, either 8 a primary gandslone restment od
in conjuncion with other modes of treatment.

m Drisndders for which aphemesis is accepted & second-line
therapy, either 83 a standalone reastment or in
oonjunction with other modes of e smenL

IT1 ODpimuom role of apheresis terapy is not established.
[rec mion making should be individoalized.
T Drisorders in which poblished evidence demonstrates oo

sugpeds aphensiis o be ineffective or amful

IRE approval is desirable if aphemesis treament is
undenaken in these clroumstamnoes.,

Grading Recommenidations Adopted from Guyatt et al. [4.9]

Piexc rumenudat ion

Dhesscr pot b

Methodological quality of suppornting
enviche noe

[:lr'q:ll ications

Grrade

Cirade

Ciradie

Cirade

Cirade

Cirade

LA

1B

- i

Strong nmeood i endat ko,
high-quality evidemos

Strong meoor i endat ko,
msderate quality evidence

Sirong mecodn mensdal oo,
kvw-qua ity or very
k:-w-qu.a IJ-'l_'r e

Weak recormime ndation,
high-guality evidemos:

Weak recoamime ndation,
miaderste-guality evidenos

Weslk reooame ndation,
k- qua ity or very
b= s iy e

RAOCTs withaoat impontant Bmitations o
averwhelming evidemnos From
observationa] sudies

RACTs with imopsortant 1 tatdons
{inconsistent resnlts, methodological
Mlaws, mdirect, or mpeec e ) o
excepionally strong evidence from
o rvationa] sudies

Observational stodies or case series

RACTs withoatt important Hmitations o
overwhelming evidence From
o rvationa] sudies

RACTs with imapsortant 1o tations
{inconsistent resnlis, methodnlogical
lawes, mdirect, or bmpoeciss) o
excepionally strong evidence from
o rvational Sudies

Oibser vational studies oF case series

Strang rectmmendation, can apply ks
maat palients nomost Clncumsie nees
withoout meservation

Strang recommendation, can apply ks
sl patients in most claoumSis nees
withoout meservation

Sirang fecommendation but may clange
when higher quality evidence becomes
avai lable

Wieak recommendation, best action may
differ depending on clroumaances o
patients” or societal values

Wieak recommendation, best action may
dif fer depending on clroumatances or
patients” or societal values

fery weak recommmendations other
aliematives may be agually reasonable
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156 Schwartz et al,

TABLE IV. Coninued

[Meease e TA Muodality Tinad hcauthoni Category Grade Page
Familial hypercholesiemkmia LDL apheress Haomaoy podes I 14 211
LDL apheresis He oy pobes I 14
TFE Homoeygotes with small I Ic
Blood violume
Focal sepmental glome o ks TPFE Recument in transplanted kidney I B 213
LDL apheress Sterodd resiktant in native kidney Im X
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Rationale for therapeutic apheresis

Patients with reccurent FSGS appear to have a permeability factor, which is removed by TPE and decreasing plasma concentration
comcides with proteinuria improvement. Pretransplant TPE may prevent or delay recurrence in high-nisk patients but this finding
has not been universal. Usually TPE 1s started once recurrence 1s diagnosed. The number of TPEs needed to control proteinuria, sur-
rogate marker of FSGS, is vanable. Garcia (2006) treated 9 children with 10 TPEs plus high doses of cyclosporine, mycophenolate
mofetil, and prednisone, starting <48 h after the diagnosis of protemuria, and reported a 55% complete remission and 12% partial
response rates, compared with no remissions among five children who did not receive TPE. Studies support the need for immuno-
suppression as well as TPE. Sener (2009) reported on four adults treated with 9-15 TPES of and mycophenolate mophetil who had
preserved renal function as late as 34 months post-transplant. A rerospective study of adults with FSGS (Moroni, 2010) suggested
that TPE and ACE mhibitors resulted in either complete or partial remission of protemuria m 80% of patients. Tsagals (2011)
reported 50% complete remission and 50% partial remission in four patients with recurrent FSGS treated with a combination of
TPE and nituximab. Some patients with recurrent FSGS have been treated with partial success with a combmation of TPE and [A
with staphylococcal protein A columns,
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Duration and discontinuation/number of procedures

One approach 1 to beain with 3 duly TPEs followed by at least six more TPES i the subsequent 2 weeks. Another reported
approach of intensemantenance TPE treatment includes the followmg schedule; 3/week for the first 3 week, followed by 2/week
for 3 week, |/week untl month 3 2/month untl month 3, and /month until month 9, with concomitant immunosuppression treat-
ment, Ustally profeinura decreases gradually while the patient i bemg treated with TPE as well a the creatinme, in those patiens
who showed decreased renal clearance at diagnosis of FSGS recurrence, Tapering should be decided on a case by case basis and i
auided by the degree of proteimuria. Timing of clmical response 15 vanable and complete abolishment of protemuna may take sev-
eral weeks to months. Some patiens require long-term regimens of weekly to monthly TPES to prevent reappearance of the profe-
nuria, There are no climcal or lsboratory characteristicsthat predictthe kkelihood of success wth TPE. It s recommended that TPE
be msftuted as soon as recument FSGS is diamosed, in order to halt the process and maintain kidney function,
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Kidney Research and Clinical Practice e
journal homepage: hitp://'www . krcp-ksn.com m
Contents lists available at ScienceDirect =
Review article
Permeability factors in nephrotic syndrome and focal segmental @Cmm

eglomerulosclerosis
Virginia |. Savin®, Ellen T. McCarthy, Mukut Sharma

Kansas Gy Veterans Adminiration Medical Center, Kanses City, MO, United States

Frotection from Circulating Factors in FSG5
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