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SUMMARY

Renal failure causes morbidity and mortality after lung transplantation and
is aggravated by exposure to nephrotoxic immunosuppressant (IS) drugs.
We report an off-label experience using belatacept for lung transplant
recipients with severe renal insufficiency to reduce nephrotoxic IS expo-
sure. We analyzed data retrospectively from a consecutive series of lung
transplant patients with renal insufficiency in whom belatacept treatment
was initiated between June 2012 and June 2014 at the University of Mary-
land Medical Center. Eight patients received belatacept because of acute or
chronic renal insufficiency (median) GFR 24 (IQR 18–26). Glomerular fil-
tration rate (GFR) remained stable in two patients and increased in five."
One patient with established renal and respiratory failure received only the
induction dose of belatacept and died 4 months later of respiratory and
multisystem organ failure. Calcineurin inhibitor or sirolimus exposure was
safely withheld or reduced without moderate or severe acute rejection dur-
ing ongoing belatacept in the other seven patients. FEV1 remained stable
over the 6-month study interval. Belatacept use appears to permit safe
transient reduction in conventional immunosuppressive therapy and was
associated with stable or improved renal function in a small retrospective
series of lung transplant recipients with acute or chronic renal insuffi-
ciency.
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Introduction

Renal insufficiency is an important source of morbidity

and is associated with increased mortality following

lung transplantation [1,2]. Multiple factors contribute

to acute and chronic kidney dysfunction in lung trans-

plant recipients, including baseline pretransplantation

renal insufficiency, recipient comorbidities such as dia-

betes and vascular disease, and acute kidney injury dur-

ing the perioperative period. Exposure to conventional

immunosuppressive agents (IS) (e.g., calcineurin inhibi-

tor (CNI) and mammalian target of rapamycin (mTOR)

inhibitors) is well recognized as a major contributor to

acute and chronic renal insufficiency [3–5]. CNI

nephrotoxicity presents in two distinct but overlapping

forms acute and chronic renal injury. Acute nephrotoxi-

city is a dose-dependent, hemodynamically mediated

disorder that is usually reversible with reduction in CNI

dose. Chronic nephrotoxicity is an insidious lesion,

characterized by an irreversible and progressive renal

interstitial fibrosis, which may cause important impair-

ment in renal function culminating with end-stage renal

disease. While mammalian target of rapamycin (mTOR)

inhibitors were initially publicized as renal-sparing,

extensive experience in heart, liver, and lung recipients

has revealed that mTOR-associated proteinuria,

glomerulonephropathy, and nephrotoxicity occur in a

significant minority of patients [5]. Rapamycin cause

direct tubular and to a lesser degree, glomerular toxicity

and may potentiate CNI toxicity. In lung and other

extra-renal transplant recipients, renal function typically

deteriorates most quickly during the first 6-month post-

transplantation when conventional IS tends to be rela-

tively intensive, and with a variable but often inexorable

further decline thereafter despite efforts to minimize IS

exposure [6,7].

After belatacept was approved in 2011 to replace CNI

for chronic CNI-based immunosuppression in kidney

transplant recipients, we began to explore its off-label

‘compassionate care’ use for lung transplant recipients

whose acute or chronic renal insufficiency thought to be

exacerbated by CNI or mTOR use, and who appeared

refractory to our conventional IS dose-reduction strate-

gies. We hypothesized that belatacept might safely per-

mit further reduction in or even temporary withholding

of conventional IS exposure, and facilitate improved

recovery of renal function.

Here we report our retrospective review of outcomes

in eight lung transplant patients who received belatacept

in the context of renal insufficiency.

Patients and methods

Patient selection

Eight patients were treated with belatacept at the

University of Maryland Medical Center (UMMC)

between June 2012 and July 2014, at the discretion of

their lung transplant physician on an off-label compan-

ionate use basis.

After receiving IRB approval, we retrospectively

reviewed clinical and laboratory data on lung transplant
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recipients who were started on belatacept. General

demographic and clinical data, including surgical proce-

dures and other postoperative variables, were abstracted

from each patient’s medical record. Belatacept was initi-

ated in each patient to allow the reduction of CNI

exposure in the context of progressive or recurrent

acute renal insufficiency, and when alternative

approaches (mTOR inhibitor substitution, CNI reduc-

tion alone) were either ineffective or were deemed clini-

cally unwise. It was considered clinically unwise to start

or resume rapamycin for patients with thrombocytope-

nia, uncontrolled hypertrigliceremia, or recent major

surgery and failure to respond to rapamycin. It was also

considered clinically unwise to decease CNI dose for

patients unable to tolerate antimetabolites and had a

previous history of acute (three patients) or chronic

rejection (five patients).

Bronchiolitis obliterans syndrome (BOS) is clinically

defined as a sustained pulmonary decline with a

reduced FEV1 (more than 20%) for more than 3 weeks

and the exclusion of acute allograft rejection, anasto-

motic complications or stricture, infection, or other dis-

ease affecting pulmonary function.

Glomerular filtration rate (GFR) was estimated using

the CKD-EPI (Chronic Kidney Disease-Epidemiology

Collaboration) creatinine equation [8].

An infection event is defined as a significant infec-

tious pathogen (bacterial, viral, or fungus) isolated from

BAL.

Patients on belatacept were compared with an histor-

ical reference group of patients from the investigator’s

clinical cohort of patients who developed renal insuffi-

ciency also following transplant between 1992 and 2007,

and who were managed prior to belatacept availability,

that is, before 2011 (n = 66). Each patient’s first peak

creatinine above 2.9 mg/dl was treated as their baseline

for time of onset of renal insufficiency. A follow-up cre-

atinine value was selected by identifying the value mea-

sured at the closest interval to 6 months (�up to

2 months) after the baseline value. The date of first ele-

vated Cr was considered baseline for reference group.

Clinical management

Immunosuppression protocol

Initial immunosuppression after lung transplant at

UMMC was based on conventional triple-drug therapy:

CNI (cyclosporine or tacrolimus); mycophenolate mofe-

til (MMF) or azathioprine; and corticosteroids. With

some variability in practice, all UM lung transplant

patients were started initially after transplant on tacroli-

mus with a blood level goal of 10–14 ng/ml; mycophe-

nolate mofetil 1000 mg two times daily or azathioprine

2 mg/kg daily; and prednisone 10 (if alemtuzumab or

anti-thymocyte globulin induction therapy was used) or

20 mg/daily (without induction). When a lung recipient

developed renal insufficiency (serum creatinine generally

above 1.8 mg/dl), as first-line treatment CNI dose was

reduced targeting a trough level goal of 4–8, with or

without addition of sirolimus; or sirolimus was substi-

tuted for CNI. Routine post-transplant infection pro-

phylaxis included trimethoprim–sulfamethoxazole,

voriconazole, and valganciclovir.

Before belatacept initiation, three study patients were

switched from tacrolimus to oral cyclosporine after

developing neurologic toxicity ascribed to tacrolimus.

Inhaled CsA is commonly used at our center, and two

patients received inhaled cyclosporine after developing

CNI-related nephrotoxicity as part of a separate clinical

trial (Registration number NCT01650545).

Three patients with progressive renal toxicity were

started on rapamycin before belatacept was initiated.

Rapamycin was discontinued about 2 weeks before

belatacept was started after the development of side

effects and/or in association with a major surgical proce-

dure. Events that prompted discontinuation of rapamy-

cin in one patient each were thrombocytopenia, renal

failure, and cardiovascular surgery. No case received

rapamycin at belatacept initiation. Patient 8 developed

renal failure requiring hemodialysis while on rapamycin

prompting belatacept initiation. Therefore, rapamycin

was stopped 13 days before starting belatacept.

The rejection surveillance protocol at UMMC

includes routine bronchoscopy at 1 month and then

every 3 months for 1 year. Additional bronchoscopy

and biopsy procedures are performed based on patient

symptoms or pulmonary function testing (PFT) decline.

After belatacept initiation, patients continued to be fol-

lowed on the standard lung transplant clinical follow-up

protocol. Four of eight patients underwent trans-

bronchial biopsies after belatacept. Only one patient

(patient #5) was diagnosed and treated for acute low

grade (A1B0). Regular chemistry panels (including BUN

and creatinine) and therapeutic drug monitoring was

generally completed every 1–2 weeks.

Belatacept protocol

The intent of adding belatacept was to reduce CNI

exposure associated with either acute or chronic renal

dysfunction. When the standard CNI reduction or
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mTOR substitution regimen was not tolerated, or if

renal insufficiency persisted or worsened, belatacept was

added and CNI or mTOR inhibitor trough levels were

further reduced either persistently (in three patients

who were treated with ongoing belatacept) or tran-

siently during belatacept use. The belatacept dose regi-

men was as follows: 10 mg/kg at day 0 and 4, again on

weeks 2 and 4, and (for chronic treatment patients

only) then monthly thereafter. One patient with estab-

lished renal and respiratory failure received only the

two induction doses of belatacept.

The decision to add belatacept was solely at the dis-

cretion of the treating clinicians. If patients developed

renal insufficiency, belatacept was added to their exist-

ing tacrolimus- or cyclosporine-based regimen while

CNI or mTOR treatment intensity was temporarily dis-

continued, or dosing targets were reduced. In the latter

circumstance, target blood trough level was generally

decreased to 2–6 ng/ml for tacrolimus; 4–6 ng/ml for

sirolimus; and 75–100 ng/ml for cyclosporine. During

belatacept initiation and for several subsequent months

until a stable treatment regimen was re-established, IS

and creatinine monitoring frequency was typically

intensified.

Clinical variables guiding patient treatment

Recovery of renal function to normal (defined as

GFR > 60, Cr < 1.5 mg/dl off renal replacement) or

prevention of further decline in renal function (mea-

sured by GRF and serum Cr) was the primary outcome

variable used to direct belatacept duration and IS man-

agement. Secondary variables used to direct specific

management decisions included serial FEV1 measure-

ments; histologic rejection and infection incidence; and

change from baseline CNI exposure measured as a per-

centage from baseline immunosuppression.

Statistics

Data were analyzed using the Wilcoxon rank-sum test.

Statistical significance was set at P < 0.05 and all tests

were two-sided. Data were presented as median (in-

terquartile range) except where otherwise indicated.

Box plots demonstrate median, and first and third quar-

tiles of data.

Patients on belatacept were compared with a refer-

ence group of historical patients from the investigators

clinical cohort who also developed renal insufficiency at

similar intervals following transplant between 1992 and

2007. Sixty-six patients were identified with an elevated

‘baseline’ creatinine value and a recorded 6-month crea-

tinine follow-up. Their FEV1 values at these time points

were also recorded. For statistical purposes, in the belat-

acept cohort and the reference cohort, if a patient was

on dialysis or died in the context of severe renal insuffi-

ciency, that patient’s creatinine value was analyzed as

ranking worst. Change in median creatinine and FEV1

by cohort was tested using the Wilcoxon rank-sum test.

The infection rate in belatacept-treated patients was

compared with historic controls, calculated as infection

events per 30 days of follow-up.

Results

Between April 2008 and August 2013, 132 lung trans-

plant (LT) procedures were performed at UMMC. Since

June 2012, eight patients received a median of three

doses (2–9) of belatacept, initiated on median postoper-

ative day 585 (139–1414). All eight patients had normal

renal function pretransplant (median creatinine 0.9 mg/

dl; range 0.6–1.1 mg/dl; GFR > 60). Three patients were

receiving renal replacement therapy for acute or acute-

on-chronic renal failure at belatacept initiation. Patient

characteristics are summarized in Tables 1 and 2.

Renal function and creatinine/GFR

In belatacept-treated patients, without including the

deceased patient, median GFR at belatacept initiation

[24 ml/min/1.73 m2 (IQR 18–26)] increased to 28 (20–
60) at 1 month, P = 0.10; 31 (27–39) at 3 months,

P = 0.02; and 36 (25–60) at 6 months after belatacept

initiation, P = 0.01) (Table 3).

There was a trend toward improvement in creatinine

values from baseline at the time of belatacept initiation.

Two patients on dialysis were successfully weaned off

renal replacement therapy, with serum creatinine levels

<1.1. Two more patients with creatinine levels >2.0
improved to creatinine levels <2.0. In all three patients

with chronic renal insufficiency at belatacept initiation

(patients 1–3) and who were maintained on belatacept

with reintroduction of low-dose CNI (target trough ~2),
renal function stabilized at creatinine levels around 2.0

and GFR > 25. Of the three patients on hemodialysis

prior to receiving belatacept, one remained hemodialy-

sis-dependent and died; the other two became dialysis-

free between 6 and 13 days after belatacept initiation.

The deceased patient, who received only the induc-

tion dose(s) of belatacept, was on hemodialysis prior to

receiving belatacept, remained hemodialysis-dependent,

and died after 4 months of multisystem organ failure
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associated with persistent pulmonary atypical mycobac-

terial infection, chronic rejection, and persistent renal

failure. He was transferred to another hospital where

belatacept was not available after receiving only two

induction doses. Persistent infection (mycobacterial pul-

monary infection and fungal and bacterial sepsis) upon

readmission here dissuaded us from resuming belatacept

treatment.

We compared creatinine trends in belatacept-treated

patients with historical and contemporary patients who

also developed renal insufficiency, but did not receive

belatacept.

Excluding the patient who died, creatinine decreased

from baseline 3.1 (1.9–9.4) to 1.7 (1.1–2.5) (P = 0.05)

at 1 month, 1.9 (1.7–2.0) (P = 0.13) at 3 months, and

1.9 (1.1–2.0) (P = 0.03) at 6 months. The historic

cohort’s baseline creatinine value was 3.2 (n = 66; IQR

3.0–3.8; none dialysis-dependent) and the follow-up

value was 2.6 (n = 66; IQR 2.1–3.4; none dialysis-

dependent) (test for difference in creatinine change

P = 0.48) (Fig. 1). Nephrotoxicity in controls who did

not receive belatacept was predominately related to cal-

cineurin toxicity.

Including the patient who died, the belatacept

cohort’s median creatinine value at baseline was 3.7 and

1.9 at follow-up. The historic cohort’s baseline crea-

tinine value was 3.2 (n = 66; IQR 3.0–3.8; none dialy-

sis-dependent) and the follow-up value was 2.6 (n = 66;

IQR 2.1–3.4; none dialysis-dependent) (test for differ-

ence in creatinine change P = 0.28).

Table 1. Belatacept patient characteristics

Pt. Age Sex
Indication for
transplant

Type of
transplant

CNI at time of
belatacept
initiation

Adjuvant immuno
suppression at time of
belatacept initiation

BOS at time of
belatacept
initiation

Renal
failure
preTx

DM
preTx

HTN
preTx

1 66 F Pulmonary fibrosis Single-lung Tacrolimus Inhaled cyclosporine Yes No No Yes
2 72 F Pulmonary fibrosis Bilateral-lung Tacrolimus Inhaled cyclosporine Yes No No No
3 57 M PAP Bilateral-lung Tacrolimus Yes No No No
4 71 M Pulmonary fibrosis Single-lung Tacrolimus Mycophenolate mofetil No No No Yes
5 74 F Pulmonary fibrosis Single-lung Cyclosporine Mycophenolate mofetil Yes No No No
6 71 F COPD Single-lung Tacrolimus Mycophenolate mofetil No No No No
7 74 M Pulmonary fibrosis Single-lung Tacrolimus Yes No Yes No
8 74 M Pulmonary fibrosis Single-lung Cyclosporine Mycophenolate mofetil No No No Yes

Tx: each row represents the demographic and clinical characteristics of each patient who received belatacept treatment. Tx,
transplant; M, male; F, female; BOS, bronchiolitis obliterans syndrome; PAP, pulmonary alveolar proteinosis; CNI, calcineurin
inhibitor; COPD, chronic obstructive pulmonary disease; DM, diabetes mellitus; HTN, hypertension.

Table 2. Belatacept and renal function

Pt.

Belatacept initiation
in relation to
Tx (POD)

Belatacept
dose (mg)

Reason for
discontinuation

Renal insufficiency
at time of
belatacept initiation

Cr at belatacept
initiation

GFR at
belatacept
initiation

Cr at CNI
transition

GFR at
transition

1 1414 8 Ongoing Chronic 2 25 N/A N/A
2 987 9 Ongoing Chronic 1.92 26 N/A N/A
3 2176 8 Ongoing Chronic 3.1 21 N/A N/A
4 405 3 Renal recovery Acute 4.3 14 1.3 >60
5 347 2 Renal recovery Chronic 1.82 24 2.3 20
6 139 2 Renal recovery Acute CVVH CVVH 0.7 >60
7 761 2 Transfer Chronic HD HD HD HD
8 327 3 Renal recovery Acute HD HD 1.24 57

Tx, transplant; POD, postoperative day; HD, hemodialysis; CVVH, continuous veno-venous hemofiltration; Belatacept initiation
in relation to Tx, number of days after transplant when belatacept was started; Cr, creatinine; N/A, not applicable because
patient continued to receive belatacept for more than 6 months. Cr at CNI transition, creatinine when the patient restarted
CNI after receiving belatacept; GFR at transition, GFR when the patient restarted CNI after receiving belatacept.
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Table 3. Relationship between renal and lung function (next page)

1Mo before Belatacept Belatacept initiation 1Mo after initiation 3Mo after 6Mo after

Patient 1
Cr 2.1 2 2.5 1.9 2
GFR 24 25 21 28 25
FEV1 1.05 1.06 1.01 0.96 0.97
Renal replacement No No No No No
FK level 11.3 11.6 6.2 2.9 2.1
Cyclo level
Rapa level

Patient 2
Cr 2.34 1.92 2.42 1.76 1.98
GFR 20 26 20 29 25
FEV1 1.29 1.21 1.22 1.23 1.26
Renal replacement No No No No No
FK level 7.4 6.2 7.5 2 2
Cyclo level
Rapa level 0 0 0 5.2 4.3

Patient 3
Cr 2.2 3.1 2.68 2.02 1.94
GFR 31 21 25 32 37
FEV1 2.2 2.55 2.6 2.58 2.57
Renal replacement No No No No No
FK level 4.7 1.6 3.2 1 1
Cyclo level
Rapa level 0 0 0 6.9 3.2

Patient 4
Cr 0.97 4.3 1.08 1.67 1.9
GFR 60 14 60 41 36
FEV1 1.39 1.88 1.72 1.86 1.6
Renal replacement No No No No No
FK level 2 3.1 2.4 8.8 5.3
Cyclo level
Rapa level 3.5 1 9.7

Patient 5
Cr 1.94 1.82 1.65 1.96 1.72
GFR 25 24 28 25 30
FEV1 1.45 0.88 0.87 0.91 0.95
Renal replacement No No No No No
FK level 0 0 7.4 7 4.8
Cyclo level 218 61 0 0 0
Rapa level

Patient 6
Cr 0.78 On Dialysis 0.81 On Dialysis 0.67
GFR 60 31 60 19 60
FEV1 1.12 0.9 1.08 1.03 0.98
Renal replacement No Yes No Yes No
FK level 19.3 6.5 0 0 0
Cyclo level 0 0 276 94 74
Rapa level 0 0 0 10.3 5.2

Patient 7
Cr 1.5 On Dialysis On Dialysis On Dialysis Deceased
GFR 55 On Dialysis On Dialysis On Dialysis Deceased
FEV1 1.54 On Ventilator On Ventilator On Ventilator Deceased
Renal replacement No Yes Yes Yes
FK level 1.7 9.4 5 3.5

458 Transplant International 2016; 29: 453–463

ª 2015 Steunstichting ESOT

Timofte et al.



Changes in lung function

Among seven surviving patients, lung function, by serial

FEV1 measurements, remained stable at 1, 3, and

6 months, respectively, after belatacept initiation, as shown

in Table 3, with baseline FEV1 1.2 l/s (0.9–1.9); 1.2 (1.0–
1.8) (P = 0.93); 1.2 (1.0–1.9) (P = 0.80); and 1.3 (1.0–1.9)
(P = 0.90).

FEV1 in belatacept patients is compared with historic

controls. Median historic cohort FEV1 median change

was �2.2%; belatacept cohort FEV1 median change was

�1.3% (Fig. 2).

Immunosuppression changes

Tacrolimus levels decreased from baseline [4.7 mg/dl

(0.8–8.0)] through 1-month [4.1 (1.2–6.8) (P = 0.82)],

3-month [2.5 (0.5–5.3) (P = 0.55)], and 6-month fol-

low-up [1.5 mg/dl (0–3.5) (P = 0.19)] following belata-

cept initiation, although the reduction observed was not

statistically significant.

Acute rejection and infection

One patient was diagnosed with mild acute cellular

rejection (A1) 3 weeks after starting belatacept, and

responded to three doses of IV methylprednisolone with

negative subsequent biopsies. No other patient had acute

rejection or was treated with augmentation of immuno-

suppression. Three patients (#4, 6, and 7) had recurrent

bacterial infections with organisms identified in those

patients before belatacept administration (Pseudomonas

aeruginosa and Mycobacterium avium complex). Two

patients (#5, 8) developed de novo antibiotic-responsive

infections with Klebsiella, Enterobacter cloacae, and

Pseudomonas pneumonia. Additionally, two patients

were diagnosed with seasonal influenza A 2 (#6) and

4 months (#4) after belatacept initiation. Three patients

had no infectious complications. CMV and post-trans-

plant lymphoproliferative disease were not detected in

this cohort during 6-month follow-up.

Table 3. Continued.

1Mo before Belatacept Belatacept initiation 1Mo after initiation 3Mo after 6Mo after

Cyclo level
Rapa level 5.5 0 0 17.4

Patient 8
Cr 1.01 On Dialysis 1.72 0.99 1.08
GFR 60 6 60 60 60
FEV1 1.5 1.72 1.78 1.87
Renal replacement No Yes No No No
FK level
Cyclo level 0 20 0 0 0
Rapa level 13.5 4.5 19.1 14.9 10.9

1Mo before, 1 month before belatacept was started; Belatacept, belatacept initiation; 1Mo after, 1 month after belatacept ini-
tiation; 3Mo after, 3 months after belatacept initiation; 6Mo after, 6 months after belatacept initiation; FK level, tacrolimus
level; Cyclo level, cyclosporine level; Rapa level, rapamycin level.

0

0.5

1

1.5

2

2.5

3

3.5

4

Baseline Follow up Baseline Follow up

Cr
ea

tin
in

e 
(m

g/
dl

)

Comparison historic cohort Belatacept cohort

Dialysis

Figure 1 Median creatinine at baseline and a 6-month follow-up by

cohort. Left: box represents IQR; line represents median. Number of

patients included: baseline: 66 and follow-up: 66. Right: dots repre-

sent patient values; lines represents median. Number of patients

included: baseline: 7 and follow-up: 7. One belatacept cohort patient

on hemodialysis and mechanical ventilation was not included

because he died prior to 6 months. Two patients from the belatacept

cohort included here were on hemodialysis at baseline, and no

patients were on hemodialysis at follow-up.
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We compared the infections rate in belatacept-treated

patients with historic controls. The infection rate (num-

ber of infections/days followed) was about half in the

belatacept patients versus the control patients (0.18

events/30 days vs. 0.3, respectively; P = 0.09).

Discussion

Immunosuppressive drug toxicity continues to represent

a major challenge after lung transplantation. Both

cyclosporine and tacrolimus have a relatively narrow

therapeutic index.

Progressive deterioration in renal function after lung

transplantation contributes substantially to morbidity

and mortality and is largely attributable to CNI-related

nephrotoxicity [9]. The prevalence of chronic kidney

insufficiency is 23.7% within 1 year, 36.7% within

5 years, and 75.4% within 10 years of transplantation

[10]. According to UNOS (United Network for Organ

Sharing) registry data, dialysis or renal transplantation

is performed in 1.8% of patients by 1 year, 4% within

5 years, and 14.4% within 10 years [1].

In our retrospective analysis of our experience to

date, belatacept treatment in eight lung transplant recip-

ients with acute renal failure or refractory renal insuffi-

ciency was associated with improvement in renal

function, and allowed reduction in CNI exposure with-

out evidence of increased immune-mediated lung

injury. Two of the three cases requiring dialysis before

belatacept were no longer dialysis-dependent on the

belatacept and reduced CNI regimen described in our

study. Lung function remained stable in all but one case

after belatacept despite substantial CNI reduction.

Although we have treated only a small number of cases

and our experience is uncontrolled, we consider it unli-

kely that the observed improvement in renal function

and reduced CNI and mTOR inhibitor exposure could

have been safely achieved without belatacept coverage.

Compared with the historic controls managed conven-

tionally with CNI reduction alone, the patients in our

belatacept cohort experienced a greater although not

clinically significant improvement in the renal function.

Thus based on our experience to date, belatacept

combined with CNI reduction warrants further study as

an approach to confirm safety and efficacy for manag-

ing delayed-onset renal insufficiency in lung transplant

patients.

The majority of patients in the belatacept cohort were

older than 65 years. This reflects our transplant popula-

tion (43% are older than 65 at the time of transplanta-

tion).

CNI causes reduction in GFR through direct toxic

effects on the renal vasculature by inducing vasocon-

striction in the afferent preglomerular arteriole [2,6].

CNI nephropathy is typically dose-related, and some-

times reversible with CNI reduction or withdrawal. A

reduction in CNIs in renal transplant recipients with

histological evidence of nephropathy has been reported

to result in sustained improvement of renal function

[11]. Similar results were reported for heart and liver

transplant patients who received reduced CNI intensity

or CNI-free immunosuppression [12,13]. Although use

of anti-mitotic agents (mycophenolate mofetil or aza-

thioprine) and steroids along with a CNI is associated

with an improved therapeutic index, acute renal insuffi-

ciency remains common in the first years after trans-

plant, and chronic renal insufficiency is prevalent

subsequently, in our hands and in registry data.

Belatacept is a fusion protein composed of the Fc

fragment of a human IgG1 immunoglobulin linked to

the extracellular domain of CTLA-4, developed to pro-

vide effective immunosuppression and has been

approved for clinical use as a renal-protective alternative

to CNIs. It was designed to block CD28, a critical acti-

vating receptor on T cells, by binding and saturating its

ligands B7-1 and B7-2. Belatacept was approved initially

for clinical use for prophylaxis of acute kidney allograft

rejection in adults (FDA in June 2011). Reports suggest

that belatacept may also be useful in kidney, liver, and
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Figure 2 Median FEV1 at baseline and a 6-month follow-up by

cohort. Left: box represents IQR; line represents median. Right: short-

dotted lines represent single-lung transplants. Dotted lines represent

double-lung transplants. Bold line represents medians. The patient on

mechanical ventilation is not represented in this figure but was to

calculate the median value.
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perhaps other organ transplant recipients with pretrans-

plant renal insufficiency to avoid additional renal injury

associated with CNI’s, as a strategy to protect the allo-

graft from immune injury while renal function recovers

[14–16]. Recently, LaMattina et al. [17] reported our

institutional experience with seven liver transplant

patients who received belatacept and mycophenolic acid

maintenance immunosuppression. They suggest that a

CNI-free immunosuppressive regimen combining belat-

acept with mycophenolic acid may be safe maintenance

immunosuppression regimen in hepatitis C-positive

liver transplant recipients with renal dysfunction.

The role of blocking the CD28-B7 cell costimulatory

pathway for obliterative bronchiolitis development was

investigated in a murine heterotopic airway transplanta-

tion model [18]. The development of obliterative

changes in airways involved both CD28/B7-dependent

and CD28/B7-independent processes and can be inhib-

ited by CTLA4IgG (belatacept is second generation of

CTLA4IgG). Tikkanen et al. [19] in 2002 describe the

importance of the CD28/B7-2 costimulatory pathway in

regulating proinflammatory cytokine responses and ini-

tiation of chronic rejection that may ultimately lead to

obliterative bronchiolitis after lung transplantation in

rats. CTLA4IgG fusion protein, which blocks both

CD28/B7-1 and CD28/B7-2 interaction, significantly

delayed the development of epithelial injury and airway

occlusion. We have found one case report describing a

beneficial effect of belatacept use after lung transplanta-

tion [20].

Additional studies will be necessary to evaluate

whether belatacept is safe and effective as part of a sys-

tematic strategy to limit CNI exposure in lung and

other transplant recipients who develop or are at high

risk for renal insufficiency following transplantation,

and to develop evidence based to inform development

of best practice for its use in these populations. Our

belatacept treatment experience was generally associated

with stable lung allograft function during the study

interval despite markedly reduced exposure to conven-

tional IS.

Using in place of CNI-based IS in kidney transplant

recipients, several belatacept-based regimens were each

associated with higher rates of acute rejection than

CNI-based conventional regimen [15,21]. Based on this

and our own experience, we generally chose to limit the

duration of or avoid complete discontinuation of CNI

or mTOR after belatacept initiation. Instead we most

often targeted lower trough levels of one or more con-

ventional IS drugs. That only one of our patients was

diagnosed with steroid-responsive acute cellular rejec-

tion while temporarily off of CNI is anecdotal evidence

in support of that approach.

Although patient demographics are heterogenous in

this small case series, baseline immunosuppressive regi-

mens are similar consisting of a CNI and prednisone.

Two patients were on inhaled cyclosporine at the time

of starting belatacept. In all but one patient who

received belatacept with a standard CNI regimen, both

creatinine and FEV1 were stable or improved during

6 months of follow-up.

Infections did not appear to have increased during

belatacept and CNI reduction, and most of our patients

who were treated for recurrent or newly diagnosed infec-

tions responded promptly to conventional antimicrobial

treatments. Our single unfavorable experience in a patient

with pre-existing atypical mycobacterial infection is simi-

lar to our other experiences in AFB-infected patients trea-

ted only with conventional IS, and probably is not

attributable to that patient’s limited belatacept exposure.

We presented results for GFR without this patient

because he was on dialysis or deceased at all measurement

points. Since his renal function was always unmeasured

and poor, including him in the analysis could change no

findings except for pushing P-values more in the direc-

tion of nominal significance. Nonetheless, until the risk/

benefit ratio for this new medication becomes better

defined in the setting of complex, high-risk patients, great

caution would seem appropriate in monitoring for malig-

nancy or chronic colonization with multidrug-resistant

organism, fungus, or mycobacteria.

Our study is limited in that it is a retrospective single

center experience based on a small number of individ-

ual patients managed outside of any formal protocol

and with relatively short-term follow-up. Importantly,

we cannot exclude the possibility that similar results

might have been achieved without belatacept use. How-

ever, in comparison with other patients we have man-

aged without belatacept, anecdotally we would have

predicted less satisfactory recovery of renal function had

CNI weaning been less aggressive, and a higher inci-

dence of acute rejection and/or deterioration in lung

function if we had targeted similarly low levels of CNIs

or mTOR exposure. The decision to start (and stop)

belatacept and regarding how to manage other IS agents

was not driven by predetermined selection criteria, but

was based on individual clinician discretion, and thus is

not necessarily readily generalizable. Nonetheless, our

small series supports the hypothesis that belatacept

enables safe transient or even longer-term reduction in

dosing of nephrotoxic conventional immunosuppres-

sants.
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Our study is a single center case series including eight

subjects having a 6-month follow-up. Although there

were notable differences in demographics and immuno-

suppression management in our series, stability of renal

and lung function was observed up in all but one case.

Greater experience using belatacept in larger numbers of

lung recipients and controlled clinical trials are required

to better define the risks and benefits of belatacept com-

bined with lower doses of CNI protocols on graft and

renal function.

In conclusion, our results suggest that lung transplant

recipients who develop renal insufficiency may be safely

managed using belatacept to lower doses of conventional

immunosuppression. Our results are consistent with pre-

vious studies performed in kidney and liver transplant

patients that showed a renal-sparing effect associated with

treatment with belatacept and CNI reduction. Further

clinical trials are necessary to assess belatacept’s effects

definitively in the lung transplant population.

Authorship

IT: involved in study design, data collection and writing

the paper. MT: involved in data analysis and writing the

paper. EB: involved in data collection, data analysis and

writing the paper. PS: involved in study design, data

analysis and writing the paper. JK: involved in writing

the paper. RR: involved in data analysis and writing the

paper. EdB: involved in writing the paper. BR: involved

in data collection and writing the paper. KR: involved

in data collection and writing the paper. BG: involved

in data collection and writing the paper. SP: involved in

data collection and writing the paper. RNP: involved in

study design and writing the paper. AI: involved in

study design, data analysis and writing the paper.

Funding

Supported by Pulmonary Fibrosis Foundation Grant

#1007241; A Iacono.

Acknowledgements

The authors would like to thank Sharrief McGee RN

and Teresa Hughes RN BSN for their ongoing dedica-

tion in the management of lung transplant recipients in

this study.

REFERENCES

1. Rocha PN, Rocha AT, Palmer SM,
Davis RD, Smith SR. Acute renal failure
after lung transplantation: incidence,
predictors and impact on perioperative
morbidity and mortality. Am J
Transplant 2005; 5: 1469.

2. Gonz�alez Castro A, Llorca J, Suberviola
Ca~nas B, Fern�andez-Miret B, Zurbano
F, Mi~nambres E. Acute renal failure in
lung transplantation: incidence,
correlation with subsequent kidney
disease, and prognostic value. Arch
Bronconeumol 2008; 44: 353.

3. Issa N, Kukla A, Ibrahim HN.
Calcineurin inhibitor nephrotoxicity: a
review and perspective of the evidence.
Am J Nephrol 2013; 37: 602.

4. Zaltzman JS, Pei Y, Maurer J, Patterson
A, Cattran DC. Cyclosporine
nephrotoxicity in lung transplant
recipients. Transplantation 1992; 54: 875.

5. Aliabadi AZ, Pohanka E, Seebacher G
et al. Development of proteinuria after
switch to sirolimus-based
immunosuppression in long-term
cardiac transplant patients. Am J
Transplant 2008; 8: 854.

6. Pattison JM, Petersen J, Kuo P,
Valantine V, Robbins RC, Theodore J.

The incidence of renal failure in one
hundred consecutive heart-lung
transplant recipients. Am J Kidney Dis
1995; 26: 643.

7. Bloom RD, Reese PP. Chronic kidney
disease after nonrenal solid-organ
transplantation. J Am Soc Nephrol 2007;
18: 3031.

8. Levey AS, Stevens LA, Schmid CH,
et al. A new equation to estimate
glomerular filtration rate. Ann Intern
Med 2009; 150: 604.

9. Merion RM, White DJG, Thiru S, Evans
DB, Calne RY. Cyclosporine: five years’
experience in cadaveric renal
transplantation. N Engl J Med 1984;
310: 148.

10. Christie JD, Edwards LB, Kucheryavaya
AY, et al. International Society of Heart
and Lung Transplantation. The Registry
of the International Society for Heart
and Lung Transplantation: 29th adult
lung and heart-lung transplant report-
2012. J Heart Lung Transplant 2012; 31:
1073.

11. Larsen CP, Grinyo J, Medina-Pestana J,
et al. Belatacept-based regimens versus a
cyclosporine A-based regimen in kidney
transplant recipients: 2-year results from

the BENEFIT and BENEFIT-EXT
studies. Transplantation 2010; 90: 1528.

12. Ponton C, Vizca�ıno L, Tom�e S, et al.
Improvement of renal function after
conversion to mycophenolate mofetil
combined with low-level calcineurin
inhibitor in liver transplant recipients
with chronic renal dysfunction.
Transplant Proc 2010; 42: 656.

13. Groetzner J, Kaczmarek I, Schulz U,
et al. Mycophenolate and sirolimus as
calcineurin inhibitor-free
immunosuppression improves renal
function better than calcineurin
inhibitor-reduction in late cardiac
transplant recipients with chronic renal
failure. Transplantation 2009; 87: 726.

14. Sharif A, Shabir S, Chand S, Cockwell P,
Ball S, Borrows R. Meta-analysis of
calcineurin-inhibitor-sparing regimens
in kidney transplantation. J Am Soc
Nephrol 2011; 22: 2107.

15. Rostaing L, Vincenti F, Griny�o J, et al.
Long-term belatacept exposure maintains
efficacy and safety at 5 years: results from
the long-term extension of the BENEFIT
study. Am J Transplant 2013; 13: 2875.

16. Klintmalm GB, Feng S, Lake JR, et al.
Belatacept-based immunosuppression in

462 Transplant International 2016; 29: 453–463

ª 2015 Steunstichting ESOT

Timofte et al.



de novo liver transplant recipients: 1-
year experience from a phase II
randomized study. Am J Transplant
2014; 14: 1817.

17. LaMattina JC, Jason MP, Hanish SI,
et al. Safety of belatacept bridging
immunosuppression in hepatitis C-
positive liver transplant recipients with
renal dysfunction. Transplantation 2014;
97: 133.

18. Yamada A, Konishi K, Cruz GL, et al.
Blocking the CD28-B7 T-cell

costimulatory pathway abrogates the
development of obliterative bronchiolitis
in a murine heterotopic airway model.
Transplantation 2000; 69: 743.

19. Tikkanen JM, Lemstr€om KB,
Koskinen PK. Blockade of CD28/B7-2
costimulation inhibits experimental
obliterative bronchiolitis in rat tracheal
allografts: suppression of helper T cell
type 1-dominated immune response.
Am J Respir Crit Care Med 2002; 165:
724.

20. Hui C, Kern R, Wojciechowski D, et al.
Belatacept for maintenance
immunosuppression in lung
transplantation.
J Investig Med High Impact Case Rep
2014; 2: 2324709614546866.

21. Charpentier B. Belatacept: a novel
immunosuppressive agent for kidney
transplant recipients. Expert Rev Clin
Immunol 2012; 8: 719.

Transplant International 2016; 29: 453–463 463

ª 2015 Steunstichting ESOT

Belatacept in lung transplantation


