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Abstract

Background/Objectives: Calcineurin inhibitors (CNI) contribute to renal dysfunction post-
transplant. Belatacept is a renal sparing immunosuppressive agent. We sought to determine
if the use of belatacept, as an alternative to a CNI-based maintenance immunosuppressive
regimen ameliorates the effects of CNI-related nephrotoxicity in lung transplant recipi-
ents, while preserving graft function. Methods: Retrospective case series of adult lung
transplant recipients (LTR) converted to belatacept with CNI elimination between 2020 and
2023. Primary outcomes were estimated glomerular filtration rate (eGFR) and pulmonary
function testing. Secondary outcomes included incidence of rejection, mortality, donor
specific antibody (DSA), chronic lung allograft dysfunction, infection, malignancies, and
drug discontinuation. Results: Five LTR converted to belatacept with a median follow up
of 3.49 years (IQR 16.4). eGFR improved with a median change of +18 mL/min/1.73 m?2
(IQR 6-34) at 12 months, this was sustained at last-follow-up (+19 mL/min/1.73 m?
(IQOR 6-34)). Force expiratory volume in 1 s (FEV1) declined from baseline to last follow-up
(median change —0.53 L). At a median of 199 days post-conversion (IQR 108-453), belat-
acept was discontinued in 4/5 (80%) LTR, primarily due to graft dysfunction (3/4), and
CNI therapy resumed. No LTR developed CLAD, DSA, malignancy, or died on belata-
cept. Infection (primarily pulmonary bacterial or fungal) occurred in all LTR on belatacept.
Conclusions: Belatacept with complete CNI elimination in LTR resulted in a sustained
improvement in renal function in this series but was accompanied by a high discontinuation
rate due to worsening graft function. The risks to the graft associated with belatacept and
calcineurin inhibitor elimination outweigh any potential renal benefits.
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1. Introduction

Calcineurin inhibitors (CNIs) remain the standard of care for maintenance immuno-
suppression after lung transplantation [1]. Despite their efficacy in the prevention of
rejection, CNIs are associated with significant adverse effects that may require discontin-
uation, including thrombotic microangiopathy and posterior reversible encephalopathy
(PRES) [2—4]. Additionally, CNIs are known to cause both acute and chronic nephrotoxicity.
Acute nephrotoxicity is a dose-dependent effect secondary to afferent arteriole vasocon-
striction, whereas chronic nephrotoxicity is characterized by irreversible interstitial fibrosis
and tubular atrophy [5,6].
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Kidney disease is an important predictor of mortality in lung transplantation. Chronic
kidney disease in non-renal solid organ transplant recipients is associated with a four-
to fivefold increased risk of death after transplantation [7]. Risk of developing stage
4-5 CKD has been reported as 15.8% in lung transplant recipients in the first 5 years post-
transplant [7]. Additionally, the high immunogenicity of the lungs requires maintenance
of CNI at higher goal troughs than what is required for other solid organ transplants,
which increases the risk of CNI toxicities [8]. Thus, it has become of interest to pursue a
maintenance immunosuppressive strategy that prevents the development and progression
of renal insufficiency in the lung transplant population while maintaining graft function.

Mammalian target of rapamycin inhibitors (mTORis) may be utilized as renal-sparing
agents in conjunction with reduced CNI exposure in select cases, but are also associated
with proteinuria and nephrotoxicity, which can further potentiate renal insufficiency [9].
Use of mTORis in lung transplantation has also been largely limited by their adverse
effect profile, with reported discontinuation rates due to adverse effects of 50-71% [10].
Additionally, the significant risk of impaired wound healing and bronchial anastomotic
dehiscence with mTORis precludes de novo use of mTORis early after lung transplantation.
Typically, mTORis are not initiated within the first 3 months post-lung transplant due to
this [11,12]. Given the adverse effect profile of mTORis that limit their use, belatacept may
be an appropriate alternative renal-sparing agent in lung transplantation.

Belatacept is a CTLA-4 inhibitor that binds to CD80 and CD86 receptors on antigen-
presenting cells, preventing CD28-mediated co-stimulation of T-lymphocytes. Belatacept
was approved by the US Food and Drug Administration (FDA) in 2011 for prevention of
rejection in adult kidney transplant recipients seropositive for Epstein—Barr virus (EBV) [13]
Evidence for belatacept in lung transplant recipients (LTR) in the setting of CNI intolerance
is limited to case reports [14-16]. We sought to determine if the use of belatacept, as an
alternative to a CNI-based maintenance immunosuppressive regimen, ameliorates the
effects of CNI-related nephrotoxicity in LTR while preserving graft function.

2. Materials and Methods
2.1. Study Design

This was a retrospective case series of all adult LTR at University of Michigan initiated
on belatacept for any indication between 2020 and 2023. Reason for belatacept initiation,
time to initiation of belatacept, dosing and duration of belatacept therapy, immunosup-
pression at the time of belatacept initiation, management of concomitant maintenance
immunosuppression with belatacept initiation, and reason for discontinuation of belatacept
were collected. Efficacy outcomes included mortality, pulmonary function tests (PFTs), esti-
mated glomerular filtration rate (eGFR) using the CKD-EPI 2021 equation, donor-specific
antibodies (DSA), biopsy-proven acute cellular rejection (ACR), antibody-mediated rejec-
tion (AMR), and chronic lung allograft function (CLAD) stage [17]. Pulmonary function
tests (PFTs) and chest computed tomography results were also evaluated to characterize
the development and progression of chronic lung allograft function (CLAD) stage. Safety
outcomes included viral, bacterial, and fungal infections and malignancies. Outcomes were
assessed while on belatacept therapy and at last follow-up. Descriptive statistics were used
to summarize demographics and outcomes. Outcomes were collected until last follow-up
or date of death.

2.2. Immunosuppression

All LTR received IV methylprednisolone without antibody induction at the time of
transplant, per standard institutional protocol. Standard post-operative maintenance im-
munosuppression included tacrolimus, azathioprine, and corticosteroids, per institutional
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protocol at the time. Mycophenolate may be used in lieu of azathioprine per treating
pulmonologist’s discretion. Target tacrolimus troughs were 10-14 ng/mL until 6 months
post-transplant, 8-12 ng/mL from 6 to 24 months post-transplant, and 6-8 ng/mL after
24 months post-transplant. Tacrolimus troughs were reduced per pulmonologists” discre-
tion for renal dysfunction.

LTR were considered for belatacept maintenance immunosuppression for indications
of renal insufficiency or severe CNI adverse effects. Only Epstein-Barr virus (EBV) IgG-
positive patients were considered for belatacept immunosuppression. For indications
where the calcineurin inhibitor was tapered off, belatacept was dosed at 5 mg/kg day 1, 15,
29, 45,57 £ 71 (5-6 induction doses) followed by 5 mg/kg monthly thereafter. If tapered
off, tacrolimus was kept at 100% of the starting dose on day 1, reduced to 50% on day 15,
reduced to 25% on day 29, and discontinued on day 45. For indications where immediate
discontinuation of the calcineurin inhibitor was required, belatacept was dosed at 10 mg/kg
onday 1,7, 14, 28, 56, and 84 (6 induction doses) followed by 5 mg/kg monthly thereafter.
The dosing weight for belatacept was weight at the time of transplant; if weight changed
by >10%, then the belatacept dose was adjusted accordingly [18].

3. Results
3.1. Patient Population

Five LTR were switched from a CNI-based regimen to a belatacept-based regimen
(Table 1). Of these patients, four were switched for an indication of renal insufficiency
and one was switched given microangiopathic hemolytic anemia secondary to tacrolimus.
Median age at the time of initiation was 64 years (IQR 16.4) and belatacept was initiated
at a median of 575 (IQR 3-98) days post-transplant, with a median follow-up period
of 3.49 years (IQR 2.9-7.4). Immunosuppression management at the time of belatacept
initiation is shown in Table 2. Of the 4 patients who were switched to belatacept for
renal insufficiency, 2/4 (patients 2 and 3) had tacrolimus goal troughs reduced prior to
belatacept initiation. This did not result in improvement in eGFR, prompting the decision
to pursue belatacept.

Table 1. Baseline Characteristics.

Initiation, POD

Patient 1 2 3 4 5
Age at Transplant, years 63 67 56 51 50
Sex F F M M F
Race White White White White White
Indication for Transplant CcorD COPrD COPD/Sarcoidosis CF CorD
Type of Transplant Bilateral Bilateral Bilateral Bilateral Bilateral
CMV Serostatus, D/R —/— +/— —/+ +/— +/—
EBV Serostatus, D/R +/+ +/+ Unknown/+ —/+ +/+
CLAD Stage 0 0 3 0 0
FEV, L 1.73 2.01 1.53 3.94 ——
FEV, % predicted 93 89 53 118 ——
eGFR, mL/min/1.73 m? 27 22 18 36 9
Time to Belatacept 440 689 3778 575 61

F = female; M = male; COPD = chronic obstructive pulmonary disease; CF = cystic fibrosis; CMV = cy-
tomegalovirus; D = donor; R = recipient; EBV = Epstein—Barr virus; CLAD = chronic lung allograft dysfunction;
FEV = forced expiratory volume; eGFR = estimated glomerular filtration rate; POD = post-operative day.
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Table 2. Immunosuppression at Time of Belatacept Initiation and Belatacept Conversion Dosing.

Patient

1

2

3

4

5

Indication for

Renal insufficiency

Renal insufficiency

Renal insufficiency

Renal insufficiency

Microangiopathic

Belatacept hemolytic anemia
ISN Befor Tac (8-12 ng/mL) Tac (4-6 ng/mL) Tac (3-5ng/mL) Tac (8-12ng/mL)  Tac (10-14 ng/mL)
el taecé’ 'f MPS180mgBID  EVL (3-8ng/mL)  MPS720mgBID  AZA 150 mg daily ~ MMEF 500 mg BID
p Pred 5 mg daily Pred 5 mg daily Pred 5 mg daily Pred 5 mg daily Pred 20 mg daily
Belatacept Dosin 5mg/kgday1,15 5mg/kgday1,15 5mg/kgday1,15 5mg/kgday1,15 10mg/kgday1l,7,
¢ S:}ff dulss & 29,43 57,then5  29,43,57,71,then  29,43,57,71,then  29,43,57,then5 14,28, 56, 84, then
mg/kg monthly 5 mg/kg monthly 5 mg/kg monthly mg/kg monthly 5 mg/kg monthly
Management Immediate
of Tac Tapered off Tapered off Tapered off Tapered off discontinuation
MPS 180 mg BID MPS 720 mg BID MPA 720 mg BID AZA 150 mg daily MMF 500 mg BID
ISN on Belatacept and Pred and Pred and Pred and Pred and Pred
5 mg daily 5 mg daily 5 mg daily 5 mg daily 20 mg daily
Time on 121 104 276 512 Remains on

Belatacept, days

belatacept therapy

ISN = immunosuppression; Tac = tacrolimus; MPS = mycophenolate sodium; Pred = prednisone; EVL = everolimus;
AZA = azathioprine; MMF = mycophenolate mofetil.

Median duration of belatacept therapy was 199 days (IQR 108-453). Median baseline
eGFR was 22 mL/min/1.73m? (IQR 14-32) One LTR had pre-existing CLAD stage 3 with
bronchiolitis obliterans syndrome (BOS) phenotype at the time of belatacept initiation.
Prior to belatacept initiation, one LTR had positive DSAs, two were treated for presumptive
ACR, and one had A1BX ACR that was not treated, given stable PFTs.

3.2. Outcomes
3.2.1. Efficacy

Renal function, defined by eGFR at 12 months post-belatacept initiation, was sta-
bilized or increased from pre-belatacept values in all patients, with a median change
of +18 mL/min/1.73 m? (IQR 6-34) (Figure 1). At a median follow-up period of
3.49 years (IQR 2.9-7.4), this eGFR increase was sustained with a median change of
+19 mL/min/1.73 m?2 (IQR 0—41). The largest increase in eGFR from baseline to 12 months
(+39 mL/min/1.73 m?) was observed in patient 5, who converted from CNI to belatacept
therapy for an indication of a thrombotic microangiopathy secondary to tacrolimus.

Forced expiratory volume in one second (FEV1 L) values are depicted in Figure 2.
FEV1 declined from baseline to last follow-up (median change —0.53 L). Treated acute
cellular rejection occurred in 3/5 (60%) LTR on belatacept; of these, 2 (patients 1, 2) were
presumed acute cellular and treated with intravenous methylprednisolone, and 1 (patient 5)
was symptomatic A1B0 rejection which was treated with an oral prednisone burst. No
donor-specific antibodies (DSA) developed on belatacept. One LTR (patient 1) had DSA
prior to initiation (DQA1*05 in association with DQ2 with MFI 1072), which cleared during
belatacept therapy and remained negative at last follow-up 377 days after belatacept
discontinuation. One LTR (patient 4) developed antibody-mediated rejection 142 days post-
belatacept discontinuation that was treated with methylprednisolone, plasma exchange,
carfilzomib, and IVIG. No LTR experienced development of CLAD (patient 1, 2, 4, 5),
and no progression of pre-existing CLAD occurred during belatacept therapy (patient 3).
Post-belatacept discontinuation, two LTR developed CLAD. Patient 1 developed CLAD
stage 2 (165 days post-discontinuation) and patient 2 developed CLAD stage 2 (90 days
post-discontinuation). Both patients 1 and 2 progressed to CLAD stage 3 and patient 3
remained in CLAD stage 3 throughout the last follow-up.
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Figure 1. Estimated Glomerular Filtration Rate Post-Belatacept Initiation.
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Belatacept was discontinued in four of the five LTR at a median of 199 days (IQR 108-
453), at which point CNI therapy was resumed. Of the LTR who discontinued belatacept,
patients 1 and 2 discontinued due to concern for presumed acute cellular rejection (ACR);
patient 4 had belatacept held after 470 days of therapy due to concern for post-transplant
lymphoproliferative disorder (PTLD) and resumed treatment once PTLD was ruled out,
but later discontinued belatacept due to declining PFTs; and patient 3 transitioned to home
hospice, at which point maintenance immunosuppression was discontinued. Patient 5
remains on belatacept. When examining LTR 1-4 who discontinued belatacept and resumed
a CNI, the median change in eGFR from pre-belatacept to belatacept discontinuation was
+31.5 mL/min/1.73 m? (IQR 19-34). This improvement in eGFR was partially reversed
with CNI resumption, with a median change in eGFR from belatacept discontinuation to
last follow-up of —22 mL/min/1.73 m? (IQR 43-62). Overall, renal function improved
from their pre-belatacept baseline with a median net change of +9.5 mL/min/1.73 m? (IQR
19-63) at last follow-up.

3.2.2. Safety

Infection occurred in all 5 LTR during belatacept treatment. Most were bacterial or
fungal pulmonary infections and did not require a modification to the belatacept regimen.
No LTR developed EBV or CMV viremia during belatacept therapy. Time to infection and
infection type are listed in Table 3. No malignancy developed on belatacept therapy, and
none died on therapy. Four LTR were alive at last follow-up.

Table 3. Infections.

I\IIJzi?etr Infections Under Belatacept Belat];cae}:tflloirtrilation
Urinary Tract Infection 19
1 Methicillin susceptible staphylococcus 51
aureus pneumonia
Pulmonary aspergillus 120
Upper respiratory tract infection 84
2 Multifocal pneumonia 99
3 Pulmonary aspergillus 137
Multifocal pneumonia 94
4 Sinus infection x2 354, 396
Enterococcus faecalis pleural fluid infection 36
Sinus infection x9 106, 295, 547, 574, 602, 672,
5 884, 1169, 1210
Superimposed bacterial pneumonia 236
Aspiration pneumonia 540

4. Discussion

In this case series, belatacept use as an alternative to calcineurin inhibitor therapy
in LTR was associated with an improvement or stabilization in kidney function. Despite
high belatacept discontinuation rates, improvements in kidney function were sustained
post-belatacept discontinuation after CNI therapy was reinitiated. The primary reason for
belatacept use was graft dysfunction/treated acute rejection. Despite all cases of acute
rejection being treated, two of the three LTR with treated acute rejection later developed
CLAD post-belatacept discontinuation. All LTR developed either a bacterial or fungal
infection while on belatacept therapy, and none developed a viral infection. The absence of
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viral infections in this cohort is surprising, as belatacept-based immunosuppression has
been associated with an increased risk of viral (CMV, EBV) infections, which is thought to be
due to the effect of belatacept on naive CD4 T cells, impairing immune responses to primary
viral infections [19-21]. While infection was seen in all patients in this series, our data
cannot conclude that the bacterial and fungal infections seen were resultant of belatacept
therapy, as these are common types of infection seen in the lung transplant population
overall [21]. Overall, the maintenance dosing regimen of belatacept and CNI withdrawal
taper used in this study may have contributed to tolerability. It would be prudent to explore
alternative belatacept dosing and concurrent maintenance immunosuppressive regimens,
such as low dose CNI regimens or a prolonged CNI taper, that would minimize the risk of
infection, preserve renal function, and maintain adequate graft function.

Acceptable rejection outcomes with renal function improvement have been previously
reported with both calcineurin minimization and elimination strategies when utilizing
belatacept in the lung transplant population. Timofte et al. evaluated belatacept use in
eight lung transplant recipients with renal insufficiency where the CNI was decreased or
temporarily discontinued. All had stabilization or improvement in renal function, with two
patients weaning off dialysis. FEV1 remained stable in this cohort, with only one steroid-
responsive ACR [16]. lasella et al. had similar findings when evaluating belatacept use
with CNI withdrawal in nine lung transplant recipients. Belatacept was initiated in place
of the CNI for thrombotic thrombocytopenic purpura, PRES, and renal insufficiency. Renal
function was significantly higher post-belatacept and two patients were weaned off dialysis.
There was no difference in FEV1 or ACR pre- and post-conversion to belatacept [15].
Our findings support a potential renal-sparing benefit of belatacept, as all patients had
an increase or stabilization in eGFR during and post-belatacept therapy. However, our
findings do not support the conclusion of the aforementioned studies with respect to graft
function. This may be due to inherent differences in the immunological baseline risk of our
population compared to other reports, time post-transplant to conversion, differences in
concurrent maintenance immunosuppression, and belatacept dosing regimens utilized.

ACR remains a significant concern in the lung transplant population given that it is
associated with development of CLAD. Brugiere et al. examined a CNI-free belatacept regi-
men and a belatacept/low-dose CNI regimen in a total of ten lung transplant recipients. Be-
latacept was initiated for severe renal failure for nine patients and for immunosuppression-
related toxicities in one patient. Concordant with our findings, they found that eGFR
significantly improved after belatacept initiation; however, they found a high incidence
of recurrent ACR exclusively in patients with CNI-free belatacept-based immunosuppres-
sion [14].

There have been a few proposed mechanisms for ACR risk associated with belatacept.
Belatacept works by inhibiting the co-stimulatory signal; however, pre-sensitized memory
T-cells are resistant to co-stimulatory blockage by belatacept [22]. Additionally, terminally
differentiated memory CD4+ and CD8+ T-cells have downregulation of CD28 expression
and become insensitive to the lack of CD28/B7 co-stimulation [23]. Increased numbers of
CD4+ and CD8+ CD28— memory T-cells have been associated with poor outcomes in lung
transplant recipients [24]. Belatacept’s mechanism of preventing signaling through CTLA-4
can also have negative effects on the functions of regulatory T-cells. Calcineurin inhibitors
suppress cytokine secretion from memory T-cells, which may counter the risk of rejection
that comes with the activation of memory T-cells [25]. Based upon the findings from
Timofte and lasella, renal function improvements were found with both CNI minimization
and elimination strategies [15,16]. Thus, utilizing a CNI minimization strategy with a lower
goal trough in indications where continuation of CNI is feasible (e.g., renal insufficiency)
may decrease immunologic risk.
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Additionally, it is unclear at what time after transplant or degree of renal insufficiency
belatacept should be initiated to maximize renal improvements. De novo use of belata-
cept in lung transplant is associated with increased risk of mortality, which precludes its
widespread use early post-transplant [26]. However, earlier initiation of belatacept may
be prudent to avoid the onset of chronic CNI nephrotoxicity. In the Timofte case series,
patients initiated on belatacept between POD 140 and 400 exhibited improvements in renal
function, and patients initiated on belatacept between POD 347 and 2176 had stabilization
of renal function, suggesting that earlier initiation may be of greater benefit. However, with
the case series from lasella, timing of belatacept initiation was not associated with degree
of renal improvement, as patients initiated up to 9 years post-transplant still had renal
improvements [15,16]. In our study, belatacept was initiated at a range of POD 61-3778,
and there was no correlation between timing of initiation and renal function changes.

This case series is limited by its retrospective study design and small sample size.
LTR were converted to belatacept at varying times post-transplant and adjustments to
other maintenance immunosuppression regimens throughout the study period were not
examined. Furthermore, maintenance immunosuppression amongst LTR varied, which
poses a confounding variable that we could not control for. Our cohort also had high
discontinuation rates of belatacept, so we were unable to evaluate whether ACR influences
long-term graft outcomes while on belatacept-based immunosuppression. Additionally,
given lack of matching to a control cohort, it is difficult to exclude that renal function
changes may have occurred in the absence of belatacept immunosuppression therapy.

5. Conclusions

Belatacept with complete CNI elimination in LTR resulted in a sustained improvement
in renal function in this case series, but was accompanied by a high discontinuation rate
due to worsening graft function. The risks to the graft associated with belatacept and
calcineurin inhibitor elimination outweigh any potential renal benefits. Further studies
investigating alternative maintenance immunosuppressive regimens that preserve renal
function while maintaining adequate graft function are warranted.
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Abbreviations

The following abbreviations are used in this manuscript:
CNI Calcineurin inhibitor

LTR Lung transplant recipients

DSA Donor specific antibody
mTORi Mammalian target of rapamycin inhibitors

FEV1 Forced expiratory volumein1s
eGFR Estimated glomerular filtration rate
CLAD  Chronic lung allograft dysfunction
ACR Acute cellular rejection
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