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ABSTRACT

Objectives Lupus nephritis (LN) requires renal
replacement therapy in 10%—-30% of patients. About 30%
of these patients receive a kidney transplant. Belatacept
is a second-generation, selective, T-cell co-stimulator
blocker (inhibits cytotoxic, T-lymphocyte antigen 4, CTLA-
4) used as an alternative to calcineurin inhibitors (CNI)

for maintenance regimens after kidney transplantation.
The pathogenic relevance of CTLA-4 inhibition and the
favourable cardiovascular profile of belatacept make

it an attractive therapeutic option in systemic lupus
erythematosus (SLE). Intravenous administration of
belatacept ensures therapeutic adherence.

Methods This retrospective, single-centre study evaluates
the outcomes of LN kidney transplant recipients treated
with belatacept for reasons not related to SLE at the
Columbia University Lupus and Renal Transplant Cohort.
Results Belatacept was started in six patients on CNI
regimens at 15.5+17.1 months following transplantation
for LN. In five patients, creatinine levels stabilised 6 months
after belatacept, one returned to haemodialysis due to
CNI toxicity and pyelonephritis and one relisted for a
kidney transplant following acute cellular rejection and
cortical necrosis. Five patients are followed for extrarenal
lupus; no extrarenal manifestations were documented in
the other two patients. Data on SLE disease activity pre-
belatacept and post-belatacept were available and scored
in three patients using the SLE Disease Activity Index
Glucocorticosteroid Index (SLEDAI-2KG), which accounts
for clinical and laboratory manifestations, as well as steroid
dose. Mean SLEDAI-2KG decreased from 13 to 7.6.
Conclusion Belatacept in LN kidney transplant recipients
may decrease extrarenal manifestations, attenuate CNI
toxicity and stabilise allograft function, providing a better
alternative to CNI regimens. Furthermore, these data
suggest that belatacept, although initiated for reasons not
related to SLE, might have a beneficial effect in SLE.

INTRODUCTION

Systemic lupus erythematosus (SLE) is an
autoimmune, multisystemic disease, which
primarily affects women of childbearing age.
Among its multiple manifestations, lupus
nephritis (LN) is the main cause of morbidity
and mortality in SLE." The prevalence of LN
is 30.9/100 000 habitants in the USA.% Ten to
thirty percent of patients with LN eventually
progress to end-stage renal disease (ESRD)
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within 15 years of diagnosis,3 and about 30%
eventually become kidney transplant recip-
ients.* LN decreases life expectancy by 15.1
years compared with patients without renal
involvement.”

Belatacept is a cytotoxic, T-lymphocyte
antigen 4 (CTLA-4) immunoglobulin human
fusion protein that acts as a selective T-cell
co-stimulation blocker by inhibiting the
CD28-CD80/86 costimulatory pathway. It
differs from abatacept by two amino acids.
Belatacept binds to CD80 and CD86 with
approximately twofold and fourfold higher
avidity, respectively, resulting in a 10-fold
increase in the biological potency compared
with abatacept.® Although abatacept failed to
achieve the primary endpoint in several SLE
clinical trials, CTLA-4 inhibition likely has a
significant role in the treatment of lupus.’
Belatacept, with greater potency and similar
mechanism of action, could show promise in
SLE.

Belatacept-based immunosuppression, as
compared with cyclosporine (CYC)-based
immunosuppression, is associated with similar
patient and graft survival and significantly
improved renal function in kidney-transplant
recipients.” Switching from a calcineurin
inhibitor (CNI)-based regimen to belatacept
is a therapeutic option in SLE kidney trans-
plant patients in a number of indications
including in the setting of CNI nephrotox-
icity, moderate/severe interstitial fibrosis
and tubular atrophy (IFTA) or moderate/
severe arteriosclerosis. In addition, belatacept
regimens ensure some degree of therapeutic
adherence for patients with complicated drug
regimens. The current study was conducted to
evaluate the effect of belatacept on allograft
function in SLE transplant recipients.

METHODS

Single-centre, cross-sectional study of adult
kidney transplant patients with LN who were
switched from CNI-based maintenance regi-
mens to belatacept between June 2006 and
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June 2018. The decision to convert from CNI to belatacept
was based on reasons unrelated to SLE diagnosis or lupus
activity. Institutional Review Board approval was obtained
and chart review was performed for patients with ESRD
due to LN who had undergone kidney transplantation
at Columbia University Irving Medical Centre. SLE was
defined by American College of Rheumatology/Systemic
Lupus International Collaborating Clinics (ACR/SLICC)
criteria. LN was defined by International Society of Neph-
rology/Renal Pathology Society (ISN/RPS) criteria.
Sociodemographic data, type of immunosuppression
regimen, kidney allograft function and SLE activity were
collected. Adherence was ascertained by clinician docu-
mentation. Biopsies of renal transplant recipients were
performed as clinically indicated by decline in renal func-
tion or the onset of proteinuria.

All qualitative variables were analysed using descrip-
tive statistics, calculating means, frequencies and SD.
A p value<0.05 was considered statistically significantly
different. Statistical calculations were performed using
Stata/IC V.15.1.

PATIENT AND PUBLIC INVOLVEMENT
We did not involve patients or the public in our work as it
is a cross-sectional study.

RESULTS

In all, 48 patients with SLE were identified and included
in the analysis. Of these, six were converted from CNI-
based regimens to belatacept. Demographic and SLE
data for patients converted to belatacept are presented in
table 1A and B. All patients were women, with a mean age
at SLE diagnosis of 19.67+3.27 years. The median interval
and range between SLE diagnosis and kidney transplant
was 15 (5-23) years. Two patients had native renal biop-
sies with LN Class V, three had combinations of features
as defined by ISN-RPS (Class IV & VI, IV & III, IV & V).
Native renal biopsy data for one patient was missing. All
six patients were Epstein-Barr virus seropositive. The
median and range follow-up time post-transplant was 39.8
(4-88) months.

Four out of six transplant recipients patients (66.7%)
received  induction  immunosuppressive  therapy
consisting of rabbit anti-thymocyte globulin (rATG), one
with alemtuzumab (14%) and one with basiliximab (14%)
which was followed by treatment of an acute cellular rejec-
tion episode with rATG. Maintenance regimens included
tacrolimus (TAC) 9.2mg +1/day (n=5) or CYC 300mg/
day (n=1); mycophenolate mean dose 1520+488 mg/day
(n=6), and prednisone at a mean dose of 5.8+3.8 mg/day
(n=5). The decision to switch from a CNI-based regimen
to belatacept was individualised. Three patients had
treatment changed to belatacept because of CNI side

Table 1 Demographics and SLE characteristics of the six patients converted to belatacept
A:Demographics and SLE characteristics of the six patients converted to belatacept
Time from Type and time
Patient # Sex Race Age SLE dx SLE to KT LN class in RT Type KT Age at KT
A Female  African-American 16 years 13years IV, VI HD—36months  DDKT 29.0years
B Female White 18 years 23years v, vV None DDKT 41.0years
C Female  African-American 19 years 9years V PD—0.5months  LUKT 28.5years
D Female Asian 22 years Syears HD—3months LRKT 27.4years
E Female  African-American 18 years 17 years Y HD—72months  DDKT 34.8years
F Female Hispanic 25 years 23years i, v HD—82months  DDKT 48.6years
B: Demographics and SLE characteristics of the six patients converted to belatacept
Patient # SLE serological markers SLE extrarenal manifestations Rheum. f/u HCQ TMP-SMX
A ANA+, dsDNA+ Disc Never No Yes
B ANA+, dsDNA+, low C3, LAC+ Malar, Phot, Arthr, Seros, CNS Current Only before KT  Yes
C ANA+, dsDNA+, low C3&C4 Malar, Phot, Disc, Arthr, Ulcers,  Current Yes Yes
Cytop
D dsDNA+, low C4 Current Yes Yes
E ANA+, dsDNA+, low C3&C4, Malar, Phot, Disc, Arthr, Seros, Current No No
beta2GPI+ CNS, Cytop
F ANA+, low C3 Arthr, Cytop Current No Yes

#, number; ANA, antinuclear antibodies; Artrhr, arthritis; beta2GPI, Beta-2 gliycoprotein |; C3, complement C3; C4, complement C4; CNS,
central nervous system; Cytop, cytopenias; DDKT, donor deceased KT; Disc, discoid; dsDNA, anti-double stranded DNA antibodies; HCQ,
hydroxychloroquine; HD, hemodyalisis; LAC, lupus anticoagulant; LN, lupus nephritis; LRKT, living-related KT; LUKT, living unrelated KT; PD,
peritoneal dyalisis; Phot, photosensitivity; Rheum f/u, Rheumatologic follow-up; RT, replacement therapy; Seros, serositis; SLE, systemic

lupus erythematosus; TMP-SMX, trimethoprim-sulfamethoxazole.

2 Carrién-Barbera |, et al. Lupus Science & Medicine 2019;6:6000355. doi:10.1136/lupus-2019-000355



Immunology and inflammation

Table 2

Immunosuppression and KT characteristics of the six patients converted to belatacept

A: Immunosuppression and KT characteristics of the 6 patients converted to belatacept

Time from KT  Meds when starting Time on

Patient # Induction therapy Maintenance drugs to belatacept = belatacept EBV Dbelatacept

A Thymoglobuline MMF 2160, TAC 8, NO 30 months MMF 1440, TAC 8, PRED + 1 month
PRED 10

B Basiliximab MMF 1440, CYC 300, 4months MMF 500, CYC 150, PRED + 37 months
PRED 10 S

C Thymoglobuline MPA 640, TAC 10, PRED 3.5months MPA 360, TAC 10, PRED 5 + 48 months
5

D Thymoglobuline MMF 1440, TAC 10, 38 months TAC 6, AZA 25, PRED 5 + 13 months
PRED 10

E Thymoglobuline MMF 2000, TAC 10, 3.5months MMF 2000, TAC 8, PRED + 37 months
PRED 5 10

F Alemtuzumab MMF 1140, TAC 10, 0.75months MPA 1440, TAC 8, PRED 5 + 31 months
PRED 10

B: Immunosuppression and KT characteristics of the 6 patients converted to belatacept

Reason for Cold isquemia
Patient # belatacept switch DGF Donor age time RT failure Last PC ratio
A Non-adherence No 33years 40hours ACR, BK nephropathy 0.32
B Cortical necrosis Yes 25years 42 hours 10 min ACR, cortical necrosis 1.49
C CNI side effects No 0.06
D CNI side effects No CNI, pyelonephritis,

recurrent LN

E CNI side effects No 45years 4 hours 02 min  ACR 0.44
F TMA on biopsy Yes 44 years 41 hours ACR, TMA 0.125

#, number; ACR, acute cellular rejection;AZA, azathioprine; BK, BK virus; CNI, calcineurin inhibitors; CYC, cyclosporine; DGF, delayed graft
function;EBV, Epstein Barr Virus; KT, kidney transplant; LN, lupus nephritis;meds, medications; min, minutes;MMF, mycophenolate mofetil;
MPA, mycophenolic acid; PRED, prednisone; PCR Ratio, random urine protein creatinine ratio; RT, renal transplant;TAC, tacrolimus; TMA,

thrombotic microangiopathy.

effects, one because of non-adherence to oral treatments,
one due to biopsy proven thrombotic microangiopathy
(TMA) and one due to cortical necrosis. In transitioning
to belatacept, CNI dose weaning was not standardised. Six
months after switching to belatacept, five of six patients
were still on concomitant CNI maintenance immunosup-
pression. Belatacept conversion dosing was performed
with a dose of 5mg/kg belatacept every 2 weeks for a
total of 10 weeks (five doses total), then monthly 5mg/kg
dosing. Characteristics of kidney transplant and immuno-
suppressive regimens are detailed in table 2A and B. In
four patients, the addition of belatacept was prompted by
worsening allograft function. Three patients had improve-
ment of renal function after conversion to belatacept, one
progressed to ESRD on haemodialysis due to CNI toxicity
and pyelonephritis (patient E), and one had progression
of renal failure following ACR and cortical necrosis but
not yet on dialysis, being evaluated for second kidney
transplant (patient C). Recurrent LN class V was noted in
one of the six patients, but it did not lead to graft failure.
Variations in renal function before and after belatacept
initiation are shown in figure 1.

Five patients were also monitored by Rheuma-
tology for persistent extrarenal lupus. No extrarenal

manifestations were documented in the remaining two
patients. SLEDAI and serological data could only be
retrieved for three patients followed by rheumatologists
at our centre. SLEDAI data were available and scored
using the SLEDAI-2KG, which accounts for clinical and
laboratory manifestations as well as steroid use, at a mean
follow-up of 23.83+19.25 months after initiation of bela-
tacept (figure 2). Mean ds-DNA value pre-belatacept was
1334178 Ul/mL and 58+72 UI/mL post-belatacept. Mean
C3 pre-belatacept and post-belatacept was 89+31 mg/dL

Creatinine (mg/dl)

12 6 -4 -2

-1 0 1 2 3 4 5 6 7

8 9 10 11 12 24 36

Time from Bela Conversion (Months)

— B
Creatinine trend before and after belatacept.
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Figure 1
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Figure 2 SLEDAI-2KG before and after belatacept.

and 91+21 mg/dL. Mean C4 35+15mg/dL and 38+7mg/
dL, respectively. Figures 3 and 4 demonstrate trends in
ds-DNA, C3 and C4 pre-belatacept and post-belatacept
conversion.

DISCUSSION

Patients converted to belatacept with or without with-
drawal of CNI demonstrated a trend towards stabilisation
of allograft function and lower SLEDAI-2KG following
kidney transplantation. The SLEDAI-2KG decreased
from a mean of 13 to 7.6, dsDNA and complement levels
demonstrated improvement in three patients and allo-
graft function stabilised in five patients. These data are
the first to evaluate belatacept in SLE transplant recipi-
ents and to substantiate a possible role for this CTLA-4
inhibitor in the maintenance regimens of SLE kidney
transplant patients and, although not specifically evalu-
ated for SLE activity, a possible role in SLE.

Belatacept is currently used as an alternative treatment
to CNI in the maintenance regimen of kidney transplant
patients. Two phase III clinical trials, the Belatacept Eval-
uation of Nephroprotection and Efficacy as Firstline
Immunosuppression Trial (BENEFIT)® and the Belata-
cept Evaluation of Nephroprotection and Efficacy as First-
line Immunosuppression Trial-EXTended criteria donors
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Figure 3 Changes on ds-DNA antibodies levels pre-
belatacept and post-belatacept.
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(BENEFIT-EXT)*"" showed no difference in the rates
of patient survival, graft survival, and acute rejection in
both low- and high-intensity belatacept regimen groups
compared with the CNI group. Improved cardiovascular
profile, better blood pressure, better lipid profile, lower
incidence of diabetes mellitus, significantly less chronic
kidney scarring and sustained improved renal function at
3years post-transplantation were noted in the belatacept
group. The increased rate of post-transplant lymphopro-
liferative disorder, particularly in Epstein-Barr seronega-
tive patients, identified during the initial trials remains
to be fully evaluated. In our cohort, three patients were
switched to belatacept due to CNI side effects. One
suffered from CNI neurological side effects (tremors,
headaches and brain fog) documented by clinical history
and physical examination, attributed to CNI regimens
due to a clear temporal relationship with the initiation
and discontinuation of CNI. The other two patients
showed signs of acute graft CNI toxicity on biopsy. Renal
biopsy in one of them (patient D) was performed 3years
after KT due to arise in creatinine levels >20%. It showed
acute CNI-toxicity and moderate/severe tubular atrophy
and interstitial fibrosis. A renal biopsy was performed in
the other patient (patient E) 4 months after KT, which
showed signs of acute tubular injury due to CNI-toxicity,
as well as ACR Banff grade 2B in a patient which also had
poor adherence to oral therapeutic regimens. Further-
more, two other patients were switched from CNI to
belatacept due to cortical necrosis and TMA on biopsy
respectively, both attributed to their treatment with CNI
regimens. TMA in the renal transplant setting has a wide
differential, including antibody-mediated rejection, or
antiphospholipid syndrome, but could also be due to
CNI toxicity. Immunofluorescence findings provided
evidence against glomerular disease or immune complex
disease. C4d staining was negative on biopsy which was
inconsistent with antibody-mediated rejection and renal
function improved with conversion to belatacept. No
post-transplant lymphoproliferative disorders were noted
in this cohort. Cardiovascular disease is reported as the
major cause of death in SLE patients who have received a
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renal transplant.'® No deaths were reported in our cohort,
and none of these patients had cardiovascular events or
other malignancies. Two patients had recurrent urinary
tract infections.

When considering worsening kidney allograft func-
tion in SLE, recurrent LN is an important consider-
ation. Recurrent LN incidence varies greatly, reported
in 2%-44% of KT recipients with SLE."” '* But it rarely
leads to kidney allograft loss.'” One patient had recur-
rent LN class V on her renal allograft biopsy (patient D).
While her allograft failed 7years after kidney transplan-
tation, her last allograft biopsy demonstrated ischaemic
nephropathy and severe arteriolar narrowing attributed
to CNI toxicity that did not recover after discontinuation
of TAC.

In a patient population known to have difficulty with
maintaining complicated medication regimens, belata-
cept improves therapeutic adherence through reduc-
tion of pill burden. As evidenced here, one patient was
converted to belatacept after she self-discontinued all
immunosuppressants for 2weeks (with subsequent biopsy
demonstrating acute cellular rejection). Immunosup-
pressive regimens tailored to assist patient adherence will
improve allograft and patient outcomes.

Study limitations include the retrospective design, the
small number of patients treated with belatacept post-
kidney transplant, as well as the availability of rheuma-
tologic data (SLEDAI-2KG, complement and ds-DNA
antibodies levels) in only three of the six patients.

Patients who are maintained on typical post-kidney
transplant immunosuppression regimens also tend to
have improvement in extrarenal manifestations of SLE.
Our report suggests that belatacept in LN kidney trans-
plant recipients may decrease extrarenal manifestations,
attenuate CNI toxicity, ensure therapeutic adherence
and stabilise allograft function, providing an alternative
therapy to CNI-based renal transplant maintenance regi-
mens. Future prospective studies to evaluate belatacept
as a personalised treatment option for SLE kidney trans-
plant recipients are warranted.
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