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Microvascular inflammation is a risk factor
in kidney transplant recipients with very
late conversion from calcineurin inhibitor-
based regimens to belatacept
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Michael Duerr1, Andreas Kahl1, Kai-Uwe Eckardt1, Klemens Budde1 and Peter Nickel1

Abstract

Background: In de novo kidney transplant recipients (KTR) treatment with belatacept has been established as a
comparable option as maintenance immunosuppression, preferably as a strategy to convert from calcineurin
inhibitor (CNI)- to belatacept-based immunosuppression. Switch to belatacept demonstrated improved renal
function in patients with CNI-induced nephrotoxicity, but risk of transplant rejection and the development of
donor-specific antibodies (DSA) are still a matter of debate. Only few data are available in patients at increased
immunological risk and late after transplantation.

Methods: We analyzed 30 long-term KTR (including 2 combined pancreas-KTR) converted from CNI to belatacept
> 60 months after transplantation with moderate to severe graft dysfunction (GFR ≤ 45 mL/min). Biopsies were
classified according to the Banff 2015 criteria. Group differences were assessed in a univariate analysis using Mann
Whitney U or Chi square test, respectively. Multivariate analysis of risk factors for treatment failure was performed
using a binary logistic regression model including significant predictors from univariate analysis. Fifty-six KTR
matched for donor and recipient characteristics were used as a control cohort remaining under CNI-treatment.

Results: Patient survival in belatacept cohort at 12/24 months was 96.7%/90%, overall graft survival was 76.7 and
60.0%, while graft survival censored for death was 79.3%/66.7%. In patients with functioning grafts, median GFR improved
from 22.5mL/min to 24.5mL/min at 24months. Positivity for DSA at conversion was 46.7%. From univariate analysis of
risk factors for graft loss, GFR < 25mL/min (p = 0.042) and Banff microvascular inflammation (MVI) sum score≥ 2 (p =
0.023) at conversion were significant at 24months. In the analysis of risk factors for treatment failure, a MVI sum score≥ 2
was significant univariately (p = 0.023) and in a bivariate (p= 0.037) logistic regression at 12months. DSA-positivity was
neither associated with graft loss nor treatment failure. The control cohort had comparable graft survival outcomes at 24
months, albeit without increase of mean GFR in patients with functioning grafts (ΔGFR of − 3.6 ± 8.5mL/min).

Conclusion: Rescue therapy with conversion to belatacept is feasible in patients with worsening renal function, even
many years after transplantation. The benefit in patients with MVI and severe GFR impairment remains to be investigated.
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Background
Long-term calcineurin inhibitor (CNI) exposure has
been associated with numerous adverse effects such as
nephrotoxicity, infections, hypertension, diabetes and
dyslipidemia [1, 2]. Belatacept is a selective co-stimulation
inhibitor that has been developed for CNI-free treatment.
In de novo kidney transplant recipients treatment with
belatacept has shown superior graft function and better
patient and/or graft survival until 7 years post-transplant
compared to cyclosporine despite increased early acute
rejection rates [3–5]. Furthermore, belatacept use was asso-
ciated with lower frequencies of patients developing donor-
specific antibodies (DSA) [6]. While increased acute cellular
rejection rates point to a lesser efficacy of belatacept com-
pared to CNI, reasons for the observed lower DSA rates
might be an improved adherence to the intravenous belata-
cept regimen or superior B-cell control under belatacept. In
fact, some studies suggested that belatacept may have regu-
latory effects on B cells [7, 8].
Several studies have evaluated risks and benefits of

conversion from CNI-based treatment to belatacept [9–12].
However, few data are available on late (> 60months post-
transplant) conversion of patients with high immunological
risk factors, such as DSA, after transplantation [13–16].
Here, we analyzed a cohort of kidney and combined

kidney and pancreas transplant recipients at our center
converted from CNI-based regimens to belatacept at a
very late time point of > 60 months after transplantation
for predictive factors for graft loss or GFR deterioration
after a period of 12 and 24 months. Patients were at
increased immunological risk with a high percentage of
47% DSA-positivity at the time of conversion.

Methods
This retrospective study analyzed the outcome in all
adult kidney and combined kidney and pancreas trans-
plant patients with moderate to severe graft dysfunction
(GFR ≤ 45mL/min) that were converted from a CNI-based
maintenance immunosuppressive regimen to belatacept at
a very late stage of > 60months after last transplantation
between 11/2012 and 11/2016. Chronic Kidney Disease
Epidemiology Collaboration (CKD-EPI) formula was used
to calculate estimate glomerular filtration rates. All patients
were Epstein-Barr seropositive. At the time of conversion,
belatacept was administered at a dose of 5mg/kg intraven-
ously on days 1, 15, 29, 43 and 57 in line with Rostaing
et al. [12]. Thereafter, treatment was continued every 4
weeks. Due to CNI toxicity after long-term transplantation
calcineurin inhibitor dose was tapered in a modified way as
follows: to 50% the day after conversion (day 2), to 25% on
day 15 and 0 on day 29 and thereafter. Immunosuppressive
co-medication was continued. Biopsies were classified ac-
cording to the Banff 2015 criteria [17]. Biopsies taken

before publication of the Banff 2015 classification were
scored retrospectively.
The primary outcome was treatment failure defined as

renal graft loss or deterioration of GFR at 12 and 24
months compared to baseline GFR at the time of con-
version. Treatment success was defined as stable GFR or
improvement at 12 and 24 months. The following risk
factors were analyzed for association with treatment fail-
ure at 12 and 24 months: biopsy scores, gender, donor
age, living donation, patient age, conversion time after
transplantation, body mass index (BMI), post-transplant
diabetes mellitus, systolic and diastolic blood pressure,
immunosuppressive regimen, history of any rejection
prior to conversion, DSA positivity, eGFR and protein-
uria at the time of conversion.

Matched-pair analysis
In order to generate a matched control group, a cohort
of potential patients was identified using our web-based
electronic patient record system “TBase” [18] in analogy
to the belatacept treatment cohort. Patients were 1:2
matched for age (± 5 years), donor age (± 5 years), gender,
immunosuppressive regimen with exclusion of mTOR
therapy, GFR +/− 5mL/min, GFR ≤ 45 between 2012 and
2016 and at start of observation period, and availability of
renal transplant biopsies prior to observation.

Data analysis
IBM SPSS statistics version 25.0 was used for statistical
analysis. Group differences were assessed in a univariate
analysis using Mann Whitney U (MWU) or Chi square
test, respectively. Multivariate analysis of risk factors for
treatment failure was performed using a binary logistic
regression model including significant predictors from
the univariate analysis.

Results
A total of 30 patients with belatacept conversion from a
CNI-based immunosuppressive regimen at a median
time of 127.5 ± 91.3 (range 99–190) months after trans-
plantation were included. Table 1 shows patient and
graft survival at 12 and 24months after conversion to
belatacept. Clinical characteristics at baseline and by
status of graft failure or treatment failure, at 12 and 24
months are shown in Tables 2 and 3, respectively.
Median GFR at the time of conversion was 22.5 ± 12

(range 17–29.3) mL/min. In patients without graft loss
GFR increased to 23.3 and 24.5 mL/min at 12 and 24
months, respectively. Median GFR with imputation for
graft loss was 21.5 and 18.5 mL/min at 12/24 months. As
depicted in Table 1 and Fig. 1, eGFR slopes at 12 and 6
months before switch to belatacept were ΔGFR of −
7.0 ± 8.2 and − 3.5 ± 6.3 mL/min., respectively. At 12 and
24months after switch eGFR slope flattened in patients
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with imputation for graft loss (mean ΔGFR of − 0.56 ±
6.8 and − 1.54 ± 8.4 mL/min, respectively) and increased
in patients without imputation for graft loss (mean
ΔGFR of 1.3 ± 5.9 and 1.8 ± 7.9 mL/min).
14/30 (46.7%) patients were DSA-positive at the time

of conversion. The median treatment duration on belata-
cept until graft loss, death or last follow-up was 29.5 ±
27 (range 11.8–38.8) months.
A kidney transplant biopsy was performed at a me-

dian time of 5 ± 11.3 (range 1–12.3) months prior to
belatacept conversion in all patients. Rejection-related
biopsy scores were assessed in detail (Tables 2 and
3). Seven patients displayed lesions showing a Banff
microvascular inflammation (MVI) sum score of ≥2,
one of these patients was DSA negative and did not
display C4d + staining. Before conversion, 5/6 patients
received specific treatment for active antibody-
mediated rejection by plasmaphereses (n = 5/5), im-
munoglobulins (n = 3/5), bortezomib (n = 1/5), rituxi-
mab (n = 2/5), cyclophosphamide (n = 1/5) or
thymoglobulin (n = 1/5).

Patient survival at 12 and 24months
Patient survival at 12 months was 96.7% (29/30), as one
60-year old patient died from sudden death at 8 months.
Patient survival at 24 months was 90% (27/30), as one
67-year old patient died from central nervous system
post-transplant lymphoproliferative disorder at month
22, and one 63-year old patient died from intracranial
bleeding at month 13 after conversion.

DSA, rejection and graft survival at 12 and 24months
During 24months follow-up, no de novo DSA were
found. However, of 14 patients with DSA-positivity at

the time of conversion, one became DSA-negative after
12 months, and another after 24 months. Interestingly,
both had been identified as nonadherent by the treating
physicians prior to belatacept conversion and showed
treatment response after 12 and 24months.
Only one overt rejection episode occurred in a 39-year

old female combined pancreas and kidney recipient after
belatacept conversion. This was a severe pancreas graft
rejection, refractory to thymoglobulin and steroid bolus
therapy, which lead to graft loss at 4 months during fol-
low up. Only one kidney transplant biopsy was taken
after conversion, showing no signs of acute humoral or
cellular rejection.
Overall graft survival at 1 year was 76.7% (23/30) in-

cluding one death with functioning graft, 4 kidney
transplant recipients and the 2 combined pancreas
and kidney transplant patients who experienced renal
or pancreas graft losses, respectively (Table 1). Overall
renal graft survival at 24 months was 60.0% (18/30)
including 3 deaths with functioning grafts and 9 renal
or pancreas graft losses, respectively. Graft survival
censored for death was 79.3% (23/29) at 12 months
and 66.7% (18/27) at 24 months (Table 1).

Risk factors for renal graft loss at 12 and 24months
In the univariate analysis of risk factors for graft loss,
GFR < 25mL/min (p = 0.042) and MVI sum score ≥ 2
(p = 0.023) at conversion were significant at 24 months
(Table 2). In binary logistic regression analyses models
including GFR < 25 mL/min at conversion and MVI sum
score ≥ 2, only MVI sum score ≥ 2 was significant at 24
months (p = 0.038, OR 13.0, 95% CI 1.15–146.8, not
shown).

Table 1 Patient survival, graft survival and renal function with and without imputation for missing values at 12 and 24 months after
conversion to belatacept. GFR 9 mL/min was imputed for kidney graft loss

Switch to belatacept
(N = 30)
GFR at switch = 22.5 ± 12mL/min

Control cohort
(N = 56)
GFR at start of observation = 24.5 ± 14 mL/min

Timepoint after switch 12months 24months 12months 24 months

Patient survival 96.7% (29/30) 90% (27/30) 96.4% (54/56) 91.07% (51/56)

Death with functioning graft 1/30 3/30 2/56 5/56

Kidney or pancreas graft loss 6/30 9/30 8/56 16/56

Death-censored kidney graft survival 79.3% (23/29) 66.7% (18/27) 85.2% (46/54) 68.6% (35/51)

Overall kidney graft survival 76.7% (23/30) 60.0% (18/30) 82.1% (46/56) 62.5% (35/56)

Median GFR in patients without graft loss 23.3 ± 15 24.5 ± 15.0 23.0 ± 15 24.0 ± 9

ΔGFR from GFR at baseline in patients
without graft loss

1.3 ± 5.9 1.8 ± 7.9 −2.0 ± 7.2 − 3.5 ± 8.6

Median GFR with imputation for graft loss 21.5 ± 18 18.5 ± 21 21.5 ± 18 19 ± 17

ΔGFR from GFR at baseline in patients with
imputation for graft loss

−0.56 ± 6.8 − 1.54 ± 8.4 −3.3 ± 7.6 −5.5 ± 8.3

Data were expressed as medians (interquartile range), means (standard deviation) or numbers
GFR glomerular filtration rate
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Table 2 Baseline characteristics in belatacept cohort by status for graft failure at 12 and 24 months censored for death

Patient characteristics All patients
(N = 30)

Functioning graft at
12 months (N = 23)

Graft failure at
12 months (N = 6)

P value Functioning graft at
24 months (N = 18)

Graft failure at
24 months (N = 9)

P value

Age (y) 53.5 ± 26 54.0 ± 19 43 ± 23 0.302 51.5 ± 23 48 ± 28 0.940

Donor age (y) 48.0 ± 23 50.0 ± 26 44 ± 19 0.555 45 ± 26 48.5 ± 23 0.825

Gender (m/f) 20/10 15/8 4/2 1.000 12/6 5/4 0.683

Post-transplant diabetes 3/30 3/23 0/6 1.000 3/18 0/9 0.529

BMI 25.3 ± 4.1 24.9 ± 3.9 25.4 ± 6.6 0.511 24.1 ± 5.6 25.5 ± 5.6 0.194

Systolic BP (mmHg) 134 ± 17 138 ± 20 131.5 ± 30 0.384 136.5 ± 21 133 ± 16 0.348

Diastolic BP (mmHg) 84 ± 10 84 ± 10 84 ± 31 0.581 86 ± 11 84 ± 18 0.691

Time after transplantation (m) 127.5 ± 91.3 128 ± 130 127.5 ± 52.5 0.773 133.5 ± 135.5 126 ± 35 0.275

eGFR (mL/min) 22.5 ± 12 24.0 ± 13 19.0 ± 10 0.302 25.5 ± 12 18.0 ± 4 0.095

eGFR < 25 mL/min 17/30 12/23 5/6 0.354 8/18 8/9 0.042

Proteinuria (mg/g creatinine) 840 ± 1166 830 ± 950 1256 ± 3211 0.302 657 ± 1276 869 ± 2017 0.668

Living donor transplants 8/30 6/23 2/6 1.000 4/18 3/9 0.653

pancreas/kidney 2/30 – –

Immunosuppression

Tacrolimus 22/30 15/23 6/6 0.148 13/18 6/9 1.000

Cyclosporine A 8/30 8/23 0/6 0.148 5/18 3/9 1.000

Mycophenolic acid 27/30 20/23 6/6 1.000 16/18 9/9 0.538

Azathioprin 2/30 2/23 0/6 1.000 1/18 0/9 1.000

Steroid 24/30 17/23 6/6 0.295 13/18 8/9 0.628

DSA 14/30 11/23 2/6 0.663 8/18 4/9 1.000

h/o any rejection 15/30 10/23 5/6 0.169 7/18 7/9 0.103

aTCMR 3/30 1/23 2/6 0.100 1/18 2/9 0.250

aABMR 6/30 4/23 2/6 0.575 2/18 4/9 0.136

Biopsy scores

glomerular scarring (%) 30.5 ± 33 27 ± 31 42 ± 27 0.302 29 ± 27 32 ± 43 0.860

cg 0.0 ± 3.0 0.0 ± 3.0 1.25 ± 3.0 0.694 0.0 ± 1.1 2.5 ± 3.0 0.232

ct 1.0 ± 1.0 1.0 ± 1.0 1.0 ± 2.0 0.546 1.0 ± 1.0 1.0 ± 1.0 0.348

ci 1.0 ± 1.0 1.0 ± 1.0 1.0 ± 2.0 0.477 1.0 ± 1.0 1.0 ± 1.0 0.253

cv 2.0 ± 2.0 2.0 ± 2.0 1.5 ± 1.0 0.427 2.0 ± 3.0 2.0 ± 1.0 0.560

mm 1.0 ± 2.0 1.0 ± 1.0 2.0 ± 1.5 0.071 0.0 ± 1.0 2.0 ± 1.5 0.067

ah 3.0 ± 0.0 3.0 ± 0.0 3.0 ± 0.3 0.979 0.0 ± 1.0 3.0 ± 1.0 0.860

g 0.0 ± 1.0 0.0 ± 1.0 0.0 ± 1.9 0.694 0.0 ± 1.0 0.0 ± 1.8 0.668

t 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 2.0 0.384 0.0 ± 0.0 0.0 ± 1.0 0.322

i 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 2.0 0.546 0.0 ± 0.0 0.0 ± 1.0 0.781

v 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 1.000 0.0 ± 0.0 0.0 ± 0.0 1.000

ptc 0.0 ± 0.0 0.0 ± 0.0 0.5 ± 3.0 0.102 0.0 ± 0.0 0.0 ± 0.0 0.067

C4d 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 1.0 0.655 0.0 ± 0.0 0.0 ± 0.0 0.820

MVI sum score 0.0 ± 1.3 0.0 ± 1.0 1.25 ± 3.8 0.254 0.0 ± 0.0 2.0 ± 3.0 0.095

MVI sum score ≧2 7/30 4/23 3/6 0.131 2/18 5/9 0.023

Data were expressed as medians (interquartile range), or numbers
BMI body mass index, BP Blood pressure, eGFR estimated glomerular filtration rate, DSA donor specific antibodies, h/o history of, aTCMR active T cell mediated
rejection, aABMR active antibody-mediated rejection, MVI microvascular inflammation

Choi et al. BMC Nephrology          (2020) 21:354 Page 4 of 10



Table 3 Baseline characteristics in belatacept cohort by status for treatment success or failure censored for death. Treatment failure
was defined as graft failure or GFR deterioration compared to the time of conversion

Patient characteristics All patients
(N = 30)

Treatment success at
12 months (N = 16)

Treatment failure at
12 months (N = 13)

P value Treatment success at
24 months (N = 12)

Treatment failure at
24 months (N = 15)

P value

Age (y) 53.5 ± 26 53.5 ± 26 50 ± 29 0.983 52 ± 18 50 ± 30 0.829

Donor age (y) 48 ± 23 46.5 ± 31 46 ± 22 0.689 43 ± 26 52.5 ± 23 0.134

Gender (m/f) 20/10 11/5 8/5 0.714 10/2 7/8 0.107

Post-transplant diabetes 3/30 2/16 1/13 1.000 1/12 2/15 1.000

BMI 25.3 ± 4.1 24.7 ± 4.0 25.5 ± 6.1 0.650 24.7 ± 4.0 25.3 ± 7.9 0.100

Systolic BP (mmHg) 134 ± 17 139 ± 24 133 ± 18 0.199 139 ± 27 132 ± 14 0.183

Diastolic BP (mmHg) 84 ± 10 85 ± 10 84 ± 12 0.812 88.5 ± 12 83 ± 13 0.300

Time after transplantation (m) 127.5 ± 91.3 128.5 ± 148.8 127 ± 60 0.619 133.5 ± 125.8 126 ± 74 0.300

eGFR (mL/min) 22.5 ± 12 25 ± 12 20 ± 10 0.449 25.5 ± 14 20.0 ± 12 0.126

eGFR < 25 mL/min 17/30 7/16 10/13 0.130 5/12 11/15 0.130

Proteinuria (mg/g creatinine) 840 ± 1166 647 ± 1125 890 ± 1857 0.398 452 ± 1125 869 ± 1592 0.399

Living donor transplants 8/30 3/16 5/13 0.406 3/12 4/15 1.000

pancreas/kidney 2/30 – – –

Immunosuppression

Tacrolimus 22/30 12/4 9/4 1.000 9/12 10/15 0.696

Cyclosporine A 8/30 4/12 4/9 1.000 3/12 5/15 0.696

Mycophenolic acid 27/30 13/3 13/0 0.232 10/12 15/15 0.188

Azathioprin 2/30 2/14 0/13 0.488 1/12 0/15 0.444

Steroid 24/30 13/3 10/3 1.000 10/12 11/15 0.662

DSA 14/30 7/16 6/13 1.000 5/12 7/15 1.000

h/o any rejection 15/30 6/16 9/13 0.139 6/12 8/15 1.000

aTCMR 3/30 1/16 2/13 0.573 1/12 2/15 1.000

aABMR 6/30 1/16 5/13 0.064 1/12 5/15 0.182

Biopsy scores

Glomerular scarring (%) 30.5 ± 33 26 ± 29 32 ± 35.5 0.423 27 ± 33 32 ± 36 0.829

Cg 0.0 ± 3.0 0.0 ± 2.6 1.0 ± 3.0 0.288 0.0 ± 1.1 1.0 ± 3.0 0.236

ct 1.0 ± 1.0 1.0 ± 1.0 1.0 ± 2.0 0.983 1.0 ± 1.0 1.0 ± 1.0 0.548

ci 1.0 ± 1.0 1.0 ± 1.0 1.0 ± 1.0 0.846 1.0 ± 1.0 1.0 ± 1.0 0.683

cv 2.0 ± 2.0 2.0 ± 2.0 2.0 ± 2.0 0.339 2.0 ± 3.0 2.0 ± 1.0 0.959

mm 1.0 ± 2.0 0.0 ± 1.8 1.0 ± 1.5 0.170 0.0 ± 1.8 1.0 ± 2.0 0.373

ah 3.0 ± 0.0 3.0 ± 0.0 3.0 ± 0.5 0.650 3.0 ± 0.4 3.0 ± 0.0 0.581

g 0.0 ± 1.0 0.0 ± 0.8 0.0 ± 1.8 0.589 0.0 ± 0.8 0.0 ± 1.5 0.581

t 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 1.0 0.589 0.0 ± 0.0 0.0 ± 0.0 0.829

i 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 1.0 0.156 0.0 ± 0.0 0.0 ± 0.0 0.905

v 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 1.000 0.0 ± 0.0 0.0 ± 0.0 1.000

ptc 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 2.0 0.170 0.0 ± 0.0 0.0 ± 1.0 0.256

C4d 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.948 0.0 ± 0.0 0.0 ± 0.0 0.981

MVI sum score 0.0 ± 1.3 0.0 ± 0.8 0.0 ± 2.8 0.144 0.0 ± 0.8 0.0 ± 2.5 0.183

MVI sum score ≧2 7/30 1/16 6/13 0.026 1/12 6/15 0.091

Data were expressed as medians (interquartile range), or numbers
BMI body mass index, BP blood pressure, eGFR estimated glomerular filtration rate, DSA donor specific antibodies, h/o history of, aTCMR active T cell mediated
rejection, aABMR active antibody-mediated rejection, MVI microvascular inflammation
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Noteworthy, DSA-positivity at time of conversion was
not associated with graft loss at 12 or 24 months.

Risk factors for treatment failure at 12 and 24months
In the univariate analysis of risk factors for treatment
failure, only MVI sum score ≥ 2 was significant (p =
0.023) at 12 months (Table 3). In binary logistic regres-
sion analysis models including GFR < 25mL/min at con-
version and MVI sum score ≥ 2, only MVI sum score ≥ 2
was significant at 12 months (p = 0.037, OR 13.2, 95% CI
1.17–147.8, not shown).
Again, DSA-positivity was not associated with treat-

ment failure at 12 or 24months.

Control cohort
Characteristics and outcome
We used a control cohort of 56 patients with CNI-
based maintenance therapy to compare findings
within the belatacept cohort for graft survival, out-
come and renal function during the same observation
period. Table 4 shows demographic and baseline
characteristics of both cohorts. There were no signifi-
cant differences e.g. regarding age, donor age, gender, time
after transplantation, eGFR at switch, immunosuppres-
sion. Furthermore, except for arterial hyalinosis, no signifi-
cant differences were observed regarding active and
chronic lesions within renal transplant biopsies.
Cases with DSA positivity (19 out of 56), and an

MVI sum score ≥ 2 (8/56), were fewer in the control
cohort compared to the belatacept cohort, while

similar rates of active T-cell-mediated and active
antibody-mediated rejections (aABMR) were observed
in both groups. Eleven out of twelve aABMR received
specific treatment prior to the start of observation
time point (10 by plasmaphereses, 10 with immuno-
globulins, 1 bortezomib, 7 with rituximab, 1 with
cyclophosphamide). While eGFR slopes at 12 and 6
months prior to “virtual” switch were similar to eGFR
slopes in belatacept patients (mean ΔGFR of − 5.9 ±
7.0 and − 4.4 ± 6.6 mL/min, respectively), eGFR slope
did not flatten during 12 and 24 months follow up
(mean ΔGFR of − 3.3 ± 7.6 and − 5.5 ± 8.3) in patients
with imputation for graft loss. Moreover, in contrast
to the belatacept group, eGFR did not increase in pa-
tients without imputation for graft loss at 12 and 24
months (mean ΔGFR of − 2.0 ± 7.2 and − 3.5 ± 8.6 mL/
min, respectively). Results are shown in Table 1.
Baseline characteristics by status for graft failure at
12 and 24 months censored for death are presented in
the Additional file 1.
Notably, fewer patients in the control cohort had

stable or improved renal function after 24 months (12/
30 in belatacept patients versus 13/56 in control pa-
tients, Additional file 2).

Discussion
Increasing numbers of studies reported the feasibility
and safety of late switch to belatacept in certain patient
groups, but still few is known on the benefit of
belatacept-based treatment in patients with higher

Fig. 1 Mean eGFR slope before and after conversion
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Table 4 Demographic and Clinical Characteristics of Belatacept and Control patients

Cohort characteristics Belatacept (N = 30) CNI (N = 56) P value

Age (y) 53.5 ± 26 52.0 ± 21 0.700

Donor age (y) 48.0 ± 23 46.0 ± 23 0.907

Gender (m/f) 20/10 19/37 0.956

Post-transplant diabetes 3/30 5/56 0.871

BMI 25.3 ± 4.1 22.9 ± 8.3 0.213

Systolic BP (mmHg) 134 ± 17 130 ± 51 0.076

Diastolic BP (mmHg) 84 ± 10 80 ± 13 0.054

Time after transplantation (m) 127.5 ± 91.3 113.0 ± 102.5 0.500

eGFR (mL/min) 22.5 ± 12 24.5 ± 14 0.583

eGFR < 25 mL/min 17/30 28/56 0.667

Proteinuria (mg/g creatinine) 840 ± 1166 280.5 ± 1270 0.157

Living donor transplants 8/30 8/56

Pancreas/kidney 2/30 6/56

Immunosuppression

Tacrolimus 22/30 42/56 0.867

Cyclosporine A 8/30 14/56 0.867

Mycophenolic acid 27/30 54/56 0.227

Azathioprin 2/30 0/56 0.052

Steroid 24/30 45/56 0.969

DSA 14/30 19/56 0.336

h/o any rejection 15/30 20/56 0.201

aTCMR 3/30 7/56 0.732

aABMR 6/30 12/56 0.990

Histology before switch (m) 5 ± 11.3 9.5 ± 26.5 0.236

Biopsy scores

glomerular scarring (%) 30.5 ± 33 28.5 ± 45 0.942

cg 0.0 ± 3.0 0.0 ± 1.4 0.202

ct 1.0 ± 1.0 1.0 ± 1.0 1.000

ci 1.0 ± 1.0 1.0 ± 1.0 0.705

cv 2.0 ± 2.0 1.0 ± 1.0 0.368

mm 1.0 ± 2.0 1.0 ± 2.0 0.845

ah 3.0 ± 0.0 2.75 ±1.0 0.003

g 0.0 ± 1.0 0.0 ± 0.0 0.307

t 0.0 ± 0.0 0.0 ± 0.0 0.865

i 0.0 ± 0.0 0.0 ± 1.0 0.243

v 0.0 ± 0.0 0.0 ± 0.0 0.129

ptc 0.0 ± 0.0 0.0 ± 0.0 0.956

diffuse ptc (y/n) 0/30 3/56 0.333

C4d 0.0 ± 0.0 0.0 ± 0.0 1.000

MVI sum score 0.0 ± 1.3 0.0 ± 1.0 0.448

MVI sum score ≧2 7/30 8/56 0.295

Data were expressed as medians (interquartile range), or numbers
BMI body mass index, BP blood pressure, eGFR estimated glomerular filtration rate, DSA donor specific antibodies, h/o history of, aTCMR active T cell mediated
rejection, aABMR active antibody-mediated rejection, MVI microvascular inflammation
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immunological risk for both the de novo and switch sit-
uations. Patient populations are often very heterogenous
with different time points or treatment strategies before
switch to belatacept. In our study we strictly focused on
the switch of patients from CNI-based treatment to bela-
tacept in the very late phase after transplantation (me-
dian of 10.6 ± 7.6 years).
The development of donor-specific antibodies (DSA)

and subsequent antibody-mediated rejection (ABMR)
are key factors for late allograft failure [19, 20]. While
the percentage of patients with DSA in larger analyses
was 20% by 5 years after transplantation [21], in our
study a much higher percentage of 46.7% had DSA at
the time of conversion.
However, we found no association of DSA positivity

with graft loss or treatment failure at 12 or 24months
after conversion. Rather, we found an association of sig-
nificant microvascular inflammation (MVI) score in bi-
opsies prior to conversion to belatacept with treatment
failure at 24 months, defined by glomerulitis (g) and
peritubular capillaritis (ptc) ≥2, which is part of the
histopathological criteria for diagnosis of active ABMR
[17]. MVI has been validated in molecular studies and
closely associated with outcome, even without C4d de-
position or DSA [22–27].
Our data suggest that not DSA positivity per se,

but the presence of active microvascular inflamma-
tion, which is suspicious, but not restricted to active
humoral rejection, is a risk factor for patients that are
converted from a CNI-based regimen to belatacept
treatment.
Recently, a single center study on de novo belatacept

use in a real life scenario including re-transplant pa-
tients, patients with higher panel reactive antibodies und
HLA mismatches and higher percentages of “Afro
American” patients found significantly increased acute
rejection rates including more severe rejection grades
with belatacept versus tacrolimus, ultimately leading to a
modification of the immunosuppressive protocol includ-
ing combined use of tacrolimus tapering until 9–12
months after transplantation [28].
Using thymoglobulin induction and belatacept in 49

patients with preformed DSA of mild mean fluorescence
intensities (max 500–3000), Leibler et al. found no
ABMR after 12 months, albeit again with significantly in-
creased rates of T-cell-mediated rejections with an inci-
dence of 25.4% [29].
In line with the previous phase II study by Rostaing

et al., who converted patients between 6 and 36
months after kidney transplantation to belatacept, al-
beit with stable function, we included only patients with
prolonged exposure to the calcineurin inhibitors tacroli-
mus or cyclosporine [12]. At 1 and 3 years, a significant
improvement in kidney function compared with

cyclosporine was found [9]. Acute rejection rates in
belatacept-treated patients cumulated at 8.3% after 36
months [9]. Darres et al. described the results of conver-
sion to belatacept in 219 kidney transplants including 35
(16%) patients with DSA and 9% patients with mTOR-
based therapy from 5 European centers between 0 and
337 (mean 44) months after transplantation. Compared to
our data, patients were converted earlier and displayed a
higher eGFR at the time of conversion. Indication for con-
version was mostly impaired kidney function but also in-
tolerance to CNI or mTOR inhibitors. Graft loss occurred
in 11% of patients at the end of follow up, and belatacept
was stopped for other reasons in another 11% of patients.
In the remaining cohort, eGFR increased from 32 to 38
mL/min, with the highest increase in patients switched be-
fore month 3 posttransplant. After conversion to belata-
cept 8.2% of patients developed an acute rejection episode,
and 3 patients developed DSA. The authors concluded
that overall efficacy and safety were good, even in patients
with DSA [14].
In our study, DSA positivity was not associated with

graft or treatment failure at 12 and 24months, only one
overt pancreas graft rejection (3.3%) occurred leading to
graft loss at 4months after conversion. Interestingly, no pa-
tient developed de novo DSA after belatacept conversion.
One limit of our study is the lack of follow-up biopsies

on patients with graft deterioration, as only one follow-
up biopsy was performed, showing no rejection.
Dürr et al. reported the conversion of 69 renal trans-

plant patients including 20% patients under mTOR in-
hibitors to belatacept at a mean time of 68.8 months
after transplantation. 38% showed a significant eGFR
increase after 12 months [15]. Notably, DSA mean fluor-
escence intensities after conversion as well as higher
proteinuria before conversion associated with non-
responder status after 12 months. In contrast to the
present study, higher proteinuria at the time of conver-
sion was associated with less GFR increase. This might
be related to exclusion of patients with mTOR-inhibitor-
based treatment in our present study.
Notably, in our study both patients with combined

pancreas and renal grafts experienced graft losses during
24months follow up. Beside the pancreas graft loss due
to rejection, the other patient lossed his kidney graft due
to unknown reasons. Few data are available on switching
pancreas transplant patients to belatacept. A previous
study reported successful conversion of two patients
from tacrolimus to belatacept and sirolimus [30]. Fur-
thermore, belatacept together with sirolimus has been
successfully used in rhesus monkeys with islet trans-
plantation [31]. Thus, more data are needed to evaluate
safety and efficacy in these patients.
To draw stronger conclusions about the results of our

study, we compared the belatacept group with a control
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cohort under CNI maintenance therapy. We could dem-
onstrate comparable outcome results regarding death
and graft survival, albeit no better outcome regarding
renal function. Compared to controls, patients in the
belatacept group slowed loss of renal function after con-
version during 12 and 24months follow up and more-
over increased GFR in the analysis in cases without
imputation for graft loss. However, due to the retro-
spective nature of our study, data are biased and inter-
pretation of differences between both groups has to be
done cautiously. An ongoing large prospective, random-
ized trial will provide more robust data on the outcome
of maintenance kidney transplant recipients following
conversion to belatacept (NCT 01820572).
The limitations of our study are the small sample size

limiting significant findings, albeit we included a high
proportion of patients at immunological risk. The
follow-up time for our study was still short, and belata-
cept may be more effective in preserving eGFR beyond
2 years after conversion. But due to a very late belatacept
switch after transplantation with a higher risk of ter-
minal transplant failure longer follow up might be diffi-
cult to interpret.

Conclusions
Rescue therapy with conversion from CNI to belatacept
is feasible in patients with worsening renal function,
even many years after transplantation and in DSA-
positive patients. However, patients at immunological
risk such as those with combined pancreas and renal
transplants, history of rejection, significant microvascu-
lar inflammation in biopsy and patients with severe graft
impairment should be treated with caution and have a
more in-depth evaluation in controlled studies to define
the benefit of a conversion to belatacept to avoid rejec-
tion and graft losses.
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