R E P O R T s RESEARCH LETTER

KIReports.org

Long-term Apheresis in the Management

1 52
2 of Patients With Recurrent Focal Segmental 53
3 - - 54
.o Glomerulosclerosis After Kidney 55
5 o Transplantation >
6
7 aw Audrey Uffing'?, Frank Hullekes'?, Dennis A. Hesselink®*, Juliana B. Mansur®, gg
g Paolo Malvezzi®, Aiko P.J. de Vries’, Harald Seeger®, Roberto C. Manfro®, 50
o Pitchaphon Nissaisorakarn'?, Aileen X. Wang'', Roman Reindl-Schwaighofer'?, 61
n @ Luis Sanchez-Russo'?, Paolo Cravedi'?, Leonardo V. Riella? and Stefan P. Berger' 2
12 Q3 "Department of Nephrology, University Medical Center Groningen, University of Groningen, Groningen, The Netherlands; 63
13 2Division of Nephrology, Massachusetts General Hospital, Harvard Medical School, Boston, Massachusetts, USA; *Department 64
of Nephrology and Transplantation, Erasmus MC, University Medical Center Rotterdam, Rotterdam, The Netherlands; “Eras-
14 mus MC Transplant Institute, Erasmus MC, University Medical Center Rotterdam, Rotterdam, The Netherlands; ®Division of 65
15 Nephrology, Hospital do Rim, Universidade Federal de Sao Paulo, Sao Paulo, Brazil; ®Service de Néphrologie, Dialyse, 66
16 Aphéréses et Transplantation, CHU Grenoble Alpes, Grenoble, France; “Division of Nephrology, Department of Medicine, 67
Leiden Transplant Center, Leiden University Medical Center, University of Leiden, Leiden, The Netherlands; ®Division of 68
17 Nephrology, University Hospital Zurich, Zurich, Switzerland; °Division of Nephrology, Hospital de clinicas de Porto Alegre/
18 Federal University of Rio Grande do Sul, Porto Alegre, Rio Grande do Sul, Brazil; '°Division of Nephrology, Beth Israel Medical 69
19 Center, Harvard Medical School, Boston, Massachusetts, USA; ''Division of Nephrology, Department of Medicine, Stanford 70
University School of Medicine, Stanford, California, USA; '?Division of Nephrology and Dialysis, Department of Internal 71
20 Medicine Ill, Medical University of Vienna, Vienna, Austria; and 3Renal Division, Department of Medicine, Icahn School of
21 Medicine at Mount Sinai, New York, New York, USA 72
73
22 Correspondence: Stefan P. Berger, Department of Nephrology, University Medical Center Groningen, University of Groningen, 74
23 Q4 Hanzeplein 1, 9713 GZ Groningen, The Netherlands. E-mail: s.p.berger@umcg.nl
75
;;L Received 25 October 2021; revised 24 February 2022; accepted 1 March 2022 76
26 Kidney Int Rep (2022) m, m—m; https://doi.org/10.1016/j.ekir.2022.03.002 77
KEYWORDS: focal segmental glomerulosclerosis; glomerulonephritis; immunoadsorption nephrotic syndrome; kidney 78
27 Q5 transplantation; plasmapheresis; proteinuria; recurrent disease
28 © 2022 International Society of Nephrology. Published by Elsevier Inc. This is an open access article under the CC BY- 79
29 NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/). 80
30 81
31 82
32 3 INTRODUCTION these treatments are constructed, how effective they Z?l
33 . . are in achieving remission of post-transplant FSGS, and
34 rimary focal segmental glomerulosclerosis (FSGS) hat th . licati d 85
i 30% to 60% of alloorafts after kidne what the main complications and outcomes are. 36
35 recurs i Sive ke 4 & Y We analyzed a multicenter, international, retro-Q7
36 transplantation.” A circulating factor has been thought . . d . he clinical ¢ 87
to cause podocvte damace in native and recurrent spective case series to determine the clinical course o 28
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Table 1. Patient characteristics and transplant details

Variables

Follow-up, yr
Age at transplantation, yr
Male gender
Race/ethnicity
White
African American
Asian
Mixed
Unknown

(N = 27)

4.1 [3.0-6.3]

37 [27-49]
15 (56)

16 (56)
1®
1@®
14
9 (33)

BMI at fransplantation
Year of fransplantation

22.3 [18.9-24.7]

2005-2010 2 ()
2010-2015 9 (33)
2015-2019 16 (59)
Time from diagnosis to KF, mo 60 [36-96]
Time on dialysis, mo 22 [8-36]
Type of dialysis
Hemodialysis 19 (70)
Peritoneal dialysis 2 (7
Both 4 (15)
Pre-emptive transplant 2 ()
Number of prior fransplants
None 14 (52)
1 9 (33)
2-3 4 (15)
DSA at fime of transplant 5 (19)
Deceased donor 12 (44)

Extended criteria donor 4 (33)

Cold ischemia time, h 17 [14-21]
Donor age, yr 47 [42-52]
HLA-A/-B/DR mismatch 3 [1-4]
Delayed graft function 7 (26)
Induction therapy

None 1)

Antithymocyte globulin 16 (59)

Basiliximab 10 (37)
Initial immunosuppressive regimen

Tac + MMF + St 22 (81)

CsA + MMF + St 2 ()

Tac + AZA + St 1)

CsA + AZA + St 1(4)

Tac + EVR + St 14
Early steroid withdrawal 371
Prophylactic plasmapheresis 6 (22)
Prophylactic rituximab 1@

AZA, azathioprine; BMI, body mass index; CsA, cyclosporine; DR, donor—recipient; DSA,
donor-specific antibody; EVR, everolimus; HLA, human leukocyte antigen; KF, kidney
failure; MMF, mycophenolate mofetil; St, steroid; Tac, tacrolimus.

Values represent frequency (percentage) or median [interquartile range].

was started after a median of 4 days (IQR, 1-15)
(Supplementary Table S1). Apheresis was performed
using plasmapheresis, immunoadsorption, or both
modalities in 20 (74%), 3 (11%), and 4 (15%) patients,
respectively. Median time on apheresis was 23 (IQR,
12-48) months, and rituximab was administered in
78% of the cases (21 patients). Angiotensin-converting
enzyme inhibitors or angiotensin II receptor blockers
were used in 23 patients (85%).

2

Treatment Outcomes

Of 27 patients who received long-term apheresis, 23
patients (85%) had achieved partial or complete
remission at one point after treatment. At maximum
follow-up, 9 of these patients (39%) were still on active

treatment (plasmapheresis, n = 6; immunoadsorption, @

n = 3), with a median time on apheresis of 47 (IQR, 36—
54) months. A median apheresis frequency of twice a
month resulted in proteinuria levels between 0.1 and
1.1 g/g in all patients. In the 14 other patients who
achieved remission, chronic apheresis was stopped for
various reasons (Supplementary Table S1): 10 patients
(43%) were successfully weaned off apheresis after a
median time of 11 (IQR, 9-23) months (Supplementary
S2). Three patients (13%) experienced
increasing levels of proteinuria, and 1 patient experi-
enced COVID-19, after which treatment was stopped
(Supplementary Figure S3A and B, respectively).

There were 4 patients (15%) who did not achieve
any form of remission despite chronic treatment (me-
dian time on apheresis 20 [IQR, 15-25] months;
Supplementary Figure S4).

There were 5 patients (19%) who experienced graft
failure because of recurrent FSGS (n = 4) and chronic
antibody-mediated rejection (n=1), with a median time-
to-graft failure of 7.3 (IQR, 4.8-7.7) years. Death-
censored graft survival was 87% at 5 years post-
transplant (Supplementary Figure S5). Furthermore, 1
patient died because of COVID-19 1.8 years after
transplantation.

Figure

Treatment Regimen

Starting frequency of apheresis was 3 sessions a week
in 20 patients (74%). Other patients started at 2 (n = 2),
4 (n=1), or 5 (n = 3) times a week. For patient 3, initial
treatment frequency could not be retrieved. Although
apheresis was slowly tapered in the majority of pa-
tients, regimens differed greatly in how and at what
pace this was executed. A restart or increased fre-
quency of apheresis was successful in achieving
another remission in all patients with an initial
response to apheresis, but there was increased pro-
teinuria after stopping or tapering apheresis (patients
1-6, 10, 12-14, 16, 17, 20, and 21; Figure 1 and
Supplementary Figures S2-S3).

Safety

Bacterial and/or viral infections were observed in 24
patients (89%). Regarding viral infections, cytomega-
lovirus (CMV) was observed in 8 patients (30%), BK
viremia occurred in 3 patients (11%), and 4 patients
(15%) had varicella zoster infection. No trends were
observed between viral infections and total duration of
apheresis, treatment modality, and/or rituximab use,
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Figure 1. Clinical course of patients with post-transplant FSGS actively treated with long-term apheresis. Proteinuria, eGFR, and treatment
regimen in patients on long-term apheresis. Each graph represents 1 patient. Blue and orange lines represent plasmapheresis and immu-
noadsorption, respectively. The dashed vertical line indicates start of apheresis. Triangles represent 1 dose of rituximab. Patient 5 received
prophylactic plasmapheresis pre-transplant. * In patient 3, frequency of treatment could not be retrieved; at maximum follow-up, treatment
frequency was once per week. eGFR, estimated glomerular filtration rate calculated by Modification of Diet in Renal Disease Study; FSGS, focal

segmental glomerulosclerosis; Pw, per week; p2w, per 2 weeks.

including cumulative dose. However, in patients who
received antithymocyte globulin induction therapy,
the incidence of any viral infection (CMV, BK viremia,
and/or varicella zoster) was 63% (10 of 16), compared
with 27% (3 of 11) of patients receiving basiliximab or
no induction therapy.

DISCUSSION

In this international, multicenter study, we provided a
detailed analysis of 27 patients with recurrent FSGS
who were treated with long-term apheresis. Of the
patients who achieved initial remission, 39% remained
on active treatment and 43% could be successfully
weaned, whereas 13% experienced therapy failure.
The number of patients being treated with long-term
apheresis for post-transplant FSGS is low. In the largest
study of FSGS recurrence so far, only 7% of patients who
received apheresis were treated chronically.' As re-
flected in our cohort, apheresis is usually performed with
plasmapheresis, but it has been partially replaced by
immunoadsorption, with the reported advantage that it
removes circulating antibodies more selectively without
removal of coagulation factors.” Our data show that both

Kidney International Reports (2022) m, m-H

modalities can be used to achieve continued remission
and both methods are tolerated for multiple years.

The higher rate of rituximab use in our cohort (78%)
compared with that in literature on recurrent FSGS
(~60%)' could be due to selection bias: patients
achieving quick remission without need for additional
treatment were not included in our study. The timing
and cumulative dose of rituximab differed greatly
across patients, and therefore, its contribution to
achieving (partial) remission could not be determined.

Long-term apheresis and rituximab in immunocom-
promised patients may lead to increased susceptibility
to infections, yet it is difficult to assess the specific role
of additional versus baseline transplant immunosup-
pression. The rate of viral infections such as CMV was
higher compared with transplant recipients with pri-
mary FSGS from the same TANGO transplant centers
(CMV: 30% vs. 11%)." The increased rate of CMV
could be explained by the high use of antithymocyte
globulin in our cohort because antithymocyte globulin
has been linked to increased risk of CMV after organ
transplantation.” ’ Overall, there might be a rationale
for increased surveillance for viral infections in pa-
tients who are treated with long-term apheresis for
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recurrent FSGS, particularly in patients who received
antithymocyte globulin.

Although case series cannot be used to draw robust
conclusions, there are some important notes that can be
taken from our data. In patients who had an initial
response to treatment, increases in proteinuria when
apheresis was weaned were successfully countered by
reinitiation or increased frequency of apheresis. After a
failed attempt to reduce frequency of apheresis, a sec-
ond, slower tapering schedule was in some cases suc-
cessful. Slower tapering schedules seemed to be more
efficient in maintaining disease remission compared
with a quick taper. In patients without initial response
to apheresis, remission was never achieved, which
would imply that long-term treatment in these patients
would not be justified. Finally, 5 of 9 patients who are
stable on long-term apheresis had lost 1 or 2 prior
transplants because of recurrent FSGS, which could be
informative in the discussion whether to retransplant
patients with graft loss because of FSGS. However, it
should be emphasized that our cohort is selected and
patients with graft loss early after transplant were not
included. Another limitation of our study is its retro-
spective design and the large variety in type, timing,
and intensity of treatment for FSGS. Nonetheless, the
clinical course of the patients who were included might
provide information and guidance for clinicians who
are dealing with patients with recurrent FSGS with an
apheresis-dependent response to treatment.

In conclusion, we show that in a subset of patients
with post-transplant FSGS, long-term apheresis can be
an effective, well-tolerated treatment strategy to main-
tain remission. The high rate of viral infections provides
a rationale for increased surveillance in these patients.
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