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Traitement de ’infection a BK Virus en transplantation rénale par inhibiteur de mTOR

et Immunoglobulines polyvalentes : étude rétrospective

Résumé

Introduction : La néphropathie associée au BK virus (PVAN, Polyomavirus Associated
Nephropathy) est associée a un risque augmenté de dysfonction et de perte de greffon et
justifie un traitement actif. La conversion aux inhibiteurs de mTOR (imTOR) et la réduction
de I'immunosuppression pourraient prévenir le risque de PvAN. Les immunoglobulines
polyclonales humaines (IglV) augmentent le titre des anticorps anti-BKV chez les greffées
rénaux. Dans cette étude rétrospective monocentrique nous avons évalué I'efficacité sur la
clairance virale du BKV d'un traitement combiné par imTOR et IglV en comparaison au
traitement de référence par baisse de I’immunosuppression.

Meéthodes : Quarante patients transplantés rénaux ayant présenté une premiére virémie BKV
ont été inclus entre mars 2013 et octobre 2020 et séparés en un groupe imTOR/IgIV
(conversion de I’immunosuppression pour I'éverolimus et 1200 mg/kg d'IglV sur 6 mois) et
un groupe contréle ou I'immunosuppression était réduite. Le critére de jugement principal
était la négativation de la virémie a un an. La fonction rénale, 1’incidence des rejets,

I'évolution vers la PVAN et la tolérance a 1’éverolimus ont également été évalués.

Résultats : Le taux de négativation de la virémie a un an était plus important dans le groupe
contréle que dans le groupe imTORI/IgIV (100 % vs 45,5 %, p=0,004). La survie du greffon
censurée sur le déces ne différait pas entre le groupe imTORI/IglV et le groupe contrdle.
L’incidence des rejets cellulaires et humoraux et la fonction rénale a 12 mois étaient
similaires entre les deux groupes. En analyse multivariée, les facteurs de risque de

persistance de la virémie a 12 mois étaient I’appartenance au groupe de traitement
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IMTOR/IgIV et la présence d’une virémie soutenue au cours du suivi (OR = 0,04 [0,01-
0,39], p=0,015 et 0,07 [0,01-0,65], p= 0,03, respectivement).

Conclusion : Dans notre cohorte, le traitement de référence par réduction de
I’immunosuppression Standard a montré un avantage sur la négativation de la virémie a

un an en comparaison a un traitement par conversion aux ImTOR combiné a
I’administration d’IglV. Des études prospectives randomisées sont nécessaires afin

d’évaluer I’intérét des imTOR et des Ig IV dans le traitement des infections a BK Virus.

Nombre de mots : 353
Mots-clés : infection a BK virus, Immunoglobulines polyvalentes, inTOR, transplantation

rénale
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Conversion to mTOR-inhibitors with adjunction of IV immunoglobulins in kidney-

transplant recipients with BKV infection: a retrospective study

Abstract

Introduction: BK virus-associated nephropathy (PvAN) is linked to a high risk of graft failure
and, thus, justifies active therapy. Studies suggest that conversion to mammalian target of
rapamycin inhibitors (mTORi) and lowering immunosuppression could prevent the risk of
PVAN. Human polyclonal immunoglobulins (IVIg) increase anti-BKV antibody titers in
kidney-transplant (KT) recipients. Our monocentric retrospective study assessed the efficacy of
mTORI/IVIg therapy versus reduced immunosuppression on BKV DNAemia clearance at 1-
year post-KT.

Methods: Forty KT patients were included between March 2013 and October 2020. They
formed an intervention group: mTORI/IVIg (everolimus conversion and 1200 mg/kg of 1VIg
over 6 months) after the first incidence of DNAemia; and a control group where
immunosuppression was reduced. The primary outcome was BKV DNAemia clearance at one
year. Renal function, rejection rate, evolution to PvAN, and complications were assessed.
Results: BKV DNAemia clearance at 1-year post-treatment was greater in the control group
compared to the mTORI/IVIg group (100% vs. 45.5%, p=0.004). Death-censored graft survival
did not differ between the mTORI/IVIg and control groups after 20.6 [19.4 — 21.8] and 59.2
[43.9 — 68.9] months, respectively (p=0.18), after medical interventions. Rate of T-cell and
antibody-mediated rejections and kidney-graft function at 12-months were similar between the
two groups. Multivariate analyses showed that reducing immunosuppression compared to
MTORI/IVIg conversion and an absence of sustained viremia were significantly associated with
BKV DNAemia clearance (OR =0.04 [0.01 — 0.39], p=0.015 and 0.07 [0.01 — 0.65], p=0.03,

respectively).
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Conclusions: Our study demonstrates a benefit to standard-of-care treatment for BKV
infections (i.e., reduced immunosuppression) over a treatment based on mTORi conversion plus
IVIg perfusion. Larger randomized studies need to evaluate the responses of mTORI and/or

IVIg to treat active BKV infections.

Word count : 276

Keywords : BK virus infection, mTOR inhibitors, Intravenous immunoglobulins, renal

transplantation
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1. Introduction
Kidney transplantation (KT) is the optimal therapeutic option for end-stage renal disease in
terms of patient survival, quality of life, and health-care savings. The most frequent
complications associated with immunosuppressive drugs, including calcineurin inhibitors
(CNI), are cancers and infections that appear to be correlated with the intensity of the
immunosuppression.*
One of the most common viral infections post-KT is BK virus (BKV) infection. This
polyomavirus was first identified in 1971, isolated from the urine of a renal-allograft recipient
with ureteric obstruction, but its pathogenicity was initially underestimated. 2
Primary BKYV infection occurs during childhood, with a worldwide seroprevalence of about
75% among adults. The virus then persists mainly in the reno-urinary tract.*
Post-KT, the virus may reactivate and multiply within the reno-urinary tract, leading to the
destruction of tubular epithelial cells and, subsequently, to a virus-associated nephropathy
responsible for chronic graft dysfunction and an increased risk of graft loss.® In previous studies,
BKV DNAemia was estimated to occur in 11-13% of KT recipients, with 8% having
BK/polyomavirus-associated nephropathy (PvAN).%7
Identified risk factors include donor determinants, such as a deceased donor, a female donor,
ABO incompatibility, and systemic factors at post-KT (such as acute tubular necrosis and acute
rejection, use of corticosteroids, and powerful immunosuppression, especially tacrolimus).2® A
systematic review by Johnston et al. and the 2019 Guidelines of the American Society of
Transplantation recommend a reduction in immunosuppression as the first-line treatment for
BK DNAemia and PvAN.21° The incidence of graft failure has been reported to be similar in
acute cellular rejection and PVvAN, which justifies active care of BKV infections. However,

lowering immunosuppression increases the risk of rejection.!t?
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Some experimental and clinical studies suggest that mammalian target of rapamycin inhibitors
(mTORI) have a specific antiviral effect on BKV tubular epithelial-cell replication, and that
conversion from calcineurin inhibitors to mTORI, plus lowering immunosuppression, may
prevent the risk of PVAN, 1314

Another approach to BKV therapy is human IV polyclonal immunoglobulin (IVIg)
preparations, which contain BKV-neutralizing antibodies.'® I\VIg administration is associated
with an increase in BKV antibody titers in KT recipients, especially for the genotype | BKV
(which is the most common).*® However, the efficacy of 1VIg as a potential treatment for PvAN
is controversial.}?2 To date, no studies have assessed the efficacy of mTORi conversion
associated with 1VIg to treat BKV infection in KT recipients.

In this retrospective study, we assessed the clearance of BKV DNAemia in KT patients treated
with IVIg combined with mTORI conversion as compared to the standard of care (i.e., reducing

immunosuppression).

2. Materials and methods

2.1. Study population

In this retrospective single-center study, we screened all adult KT recipients with positive blood
BKV DNAemia at Grenoble University Hospital between March 3 2013 and October 7%,
2020. The patients had to meet the following inclusion criteria: conversion to mTORI after the
first BKV DNAemia with adjunction of polyclonal 1VVIg in the mTORI/IVIg group ; the controls
underwent reduced immunosuppression after first case of BKV DNAemia.

Patients receiving mTORI at the first incidence of BKV DNAemia were excluded. All medical
data were collected from our database [CNIL (French National committee for data protection)

approval number 1987785v0].
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2.2. BKV quantification

Positive BKV DNAemia was defined by a positive quantitative polymerase-chain reaction
(gPCR) >500 copies/mL (= 2.69 log copies/mL) in the blood. Nucleic acids were extracted from
blood using MagNaPure LC® (Roche Diagnostics) automatic extraction technology and from
urine using EasyMag® (Biomérieux) automatic extraction technology. The BK viral load was
measured by real-time gPCR using a BKV Rgene® kit (Biomérieux) on a LightCycler® 480
Instrument Il (Roche Diagnostics). Sustained DNAemia was defined by a PCR of >4 log
copies/mL (10,000 copies/mL) on two successive tests.”> BKV DNAemia clearance was
defined as a blood gPCR of <500 copies/mL or an undetectable viral load. BKV viruria was
defined by a gPCR of >500 copies/mL in the urine.

PVAN was defined by a histologically detected tubulointerstitial inflammation associated with
basophilic intra-nuclear inclusions in tubular epithelial cells and/or positivity of
immunostaining with SimianVirus 40 (Anti-SV40 T-antigen - clone Pab416 - Abcam - 1:50 —
Manual technique).

Presumptive PVAN was defined as plasma BKV DNAemia >10 000 copies/ mL (4 log 10

copies/mL).%

2.3. Endpoints

The primary endpoint was BKV DNAemia clearance at one year after the therapeutic
intervention. A composite endpoint included BKV DNAemia clearance or a decrease of at least
1 log copies/mL of BKV viremia at one year after the therapeutic change.

We also assessed estimated glomerular filtration rate (eGFR) at one year, graft loss, death,
evolution to PvAN, humoral or cellular rejection, and treatment tolerability.
Antibody-mediated rejection and cellular rejection were biopsy-proven according to the most

recent updated Banff classification at the time of the biopsy. Biopsies were systematically
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performed at 3 months post-KT. eGFR was calculated using the CKD-EPI method and was
expressed in mL/min/1.73m2. Treatment intolerability was considered when treatment was

discontinued due to its side effects.

2.4. Immunosuppression

Immunosuppression at post-KT consisted of a triple therapy: mycophenolate mofetil (MMF,
1g/day), tacrolimus (with trough levels targeted between 6 and 8 ng/mL after 1-month post-
KT), and prednisolone (given at 500 mg pre-operatively, then progressively tapered to 10
mg/day, and then discontinued at month-3 in the absence of rejection or a donor-specific
antibody but was maintained for IgA nephropathy patients).

The date of medical intervention was defined by the day that treatment was modified, i.e.,
conversion to mTORI / IVIg or reduced immunosuppression.

In the mTORI/IVIg group, mTORi (everolimus) was introduced to obtain a trough level
between 5 and 7 ng/mL, MMF was discontinued, and tacrolimus dose was reduced to reach
trough levels of between 3 and 5 ng/mL. IVIg infusion consisted of human polyclonal
immunoglobulins (Clairyg, LFB-BIOMEDICAMENTS, France): this was given at 200 mg/kg
every month for 6 months or 400 mg/kg every 2 months for 6 months.

In the control group, reduced immunosuppression included reduction or discontinuation of
corticosteroids and/or MMF and/or CNI.

Data on tacrolimus trough levels were collected at one year before medical intervention and at

six months after to assess the impact of over or lower immunosuppression on BKV clearance.

2.5. Statistical analyses

Symmetrically and heterogeneous quantitative variables are shown as means + standard

deviations, and median [ranges] respectively. Qualitative variables are expressed as
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percentages. Student's t-test or the Mann--Whitney U test was used to compare continuous
variables. The chi-square test or Fisher’s exact test was used to compare qualitative variables.

Variables with a significance of p<0.05 in univariate analyses were included in the multivariate
analyses. We used a multivariate regression model to predict BKV DNAemia clearance. In the
multivariate analyses we included all significant parameters associated with BKV DNAemia
clearance in our model. A p-value of <0.05 was considered to be statistically significant.

Analyses were performed using R software.

3. Results

3.1. Cohort characteristics

3.1.1 Clinical characteristics

Between March 26, 2013 and October 7, 2020, at Grenoble University Hospital, 305 patients
had positive BKV viruria, of which 67 patients had a positive BKV DNAemia of >500
copies/mL (21.96%.). Fifty-three patients did not receive mTORI treatment at the time of the
first incidence of DNAemia. Among these, 22 patients were converted to mTORi with
simultaneous infusion of I1VIg (MTORI/IVIg group) and 18 underwent reduced
immunosuppression (control group, i.e., standard of care).

Twelve patients did not meet the inclusion criteria (see Flow chart in Figure 1). Baseline
characteristics of the included population are shown in Table 1. Clinical characteristics, such
as age at time of viremia, gender, body-mass index (BMI), initial nephropathy, diabetes mellitus
pre KT and vascular impairment, were similar between the two groups. The mTORI/IVIg group
was more likely to have received a graft from a living donor (52.4% vs. 5.6%, p=0.006), be

ABO-incompatible at transplantation (22.7% vs. 0%, p=0.031), and to be receiving rituximab
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therapy at the time of transplantation (36.8% vs. 0%, p=0.004) compared to the control group,
respectively.

Median follow-up time of the study population from medical intervention until the last follow-
up was 31.2 [19.6 — 74.9] months: with a shorter time for the mTORI/IVIg group compared to
the control group (respectively, 24.5 [19 —29] vs. 76.1 [62.9 — 86.9] months, p<0.001).

The mTORI/IVIg group received a median IVIg dose of 1.3 [1.1 — 1.9] g/kg.

Figure 1: Flowchart of patients.
mTORI: mammalian target of rapamycin inhibitor; IVIg: intravenous immunoglobulins; SOC:
standard of care treatment.

67 patients with BK DNAemia>500 copies/mL
between March 26, 2013, and October 7, 2020

14 patients excluded, treated with mTORi

q at the time of BKV DNAemia
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[ 53 patients ]
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A k 4
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conversion to mTORi and IVig SOC treatment
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Table 1 : Baseline characteristics of the population.

BMI: body-mass index; NHBD: non heart-beating donor; ATG: antithymocyte globulins;

MMF: mycophenolate mofetil

mTORI/IVIg group Control group Total p-value
N= 22 N =18 N=40

Age (years) 57.8 (17.5) 60.1 (11.2) 58.8 (14.9) 0.935
Male (%) 81.8 94.4 87.5 0.230
BMI (kg/m?) 25.4 (3.8) 25.1(4.4) 25.2 (4.1) 0.554
Diabetes (%) 22.7 111 175 0.336
High blood pressure (%) 90.9 83.3 87.5 0.471
Nephropathy (%) 0.525

- Diabetic 13.6 11.1 125

- Nephroangiosclerosis 13.6 16.7 15

- Glomerulopathy 27.3 334 30

- Other 40 454 425
Vascular impairment

- Arteriopathy 45 59 5.1 0.851

- Stroke 0 0 0 0.423
Gender of donor: female (%) 57.1 66.7 61.5 0.542
Type of donor (%) 0.006

- NHBD 9.5 11.1 10.3

- Encephalic death 38.1 83.3 59

- Living donor 52.4 5.6 30.8
Age of donor (years) 56.8 (12.4) 62.7 (12.4) 59.5 (15.8) 0.317
ABO-incompatible (%0) 22.7 0 12.5 0.031
HLA-incompatible (%) 13.6 0 7.5 0.103
Transplantation rank 0.751
1 81.8% 77.8%
2 18.2% 22.2%
ATG (%) 81 100 0.501
Mismatch 1 (%) 0.132
[0-2] 40 334
[3-4] 60 66.6
Mismatch 11 (%0) 0.104
[0-2] 45 77.8
[3-4] 55 222
Rituximab (%) 36.8 0 0.004
Immunosuppression at medical
intervention
- MMF (%) 95.2 100 97.4 0.348
- MMF mean dose mg/day 956.4 (267.9) 1058 (390.6) 1001 (326.4) 0.186
Corticoids (%) 95 88.9 92.1 0.485
- Corticoids mean dose mg/day 7.5 (8.4) 5.6 (4) 6.7 (6.9) 0.593
- Tacrolimus (%6) 100% 100% 100%
- Tacrolimus median dose 7.9[6.2,9.7] 7.5[5.8,10.2] 0.607
mg/day
Lymphocytes G/L 0.7 [0.4-0.9] 0.6 [0.5-0.9] 0.877




3.1.2 BKV at the time of medical intervention

BKV DNAemias at the time of medical intervention were significantly lower in the
mTORI/IVIg group compared to the control group: i.e., respectively, 3.5 + 1.3 log copies/mL
versus 4.6 + 0.8 log copies/mL, p=0.006.

Similar frequencies of renal-allograft biopsies were taken at the time of viremia from both
groups (86.4% in the mTORI/IVIg group and 72.2% in the control group, p=0.26). There were
no significant differences between the two groups for biopsy-proven PVAN: seven patients,
(33.3%) in the mTORI/IVIg group versus two patients (11.1%) in the control group (p=0.1).
This was similar for both groups if presumptive PvAN with BKV DNAemia of >4 log
copies/mL was considered: 41% versus 60% in the mTORIi/IVIg and control groups,
respectively (p=0.2). Sustained BKV viremia was present in 13 patients (61.9%) from the

mTORI/IVIg group versus 7 patients (38.9%) from the control group (p=0.15).

3.2 Primary endpoint and BKV viremia outcomes

The median times between KT and BKV DNAemia when medical intervention was conducted
were similar: i.e., 3.3 [1.4 — 6.0] months for the mTORI/IVIg group, and 3.8 [3.4 —5.5] months
for the control group (p=0.3).

Regarding the primary endpoint, the prevalence of BKV DNAemia clearance was significantly
greater in the control group compared to the mTORI/IVIg group (88.9% vs. 45.5%; p=0.004).

We also assessed a composite criterion: a decrease in BKV DNAemia of at least 1 log
copies/mL or clearance of BKV DNAemia at one year. Similarly, although non-significant, the
prevalence of this composite endpoint was higher in the control group compared to the

MTORI/IVIg group, respectively, at 100% vs. 63.6% (p=0.06).
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In patients with positive BKV DNAemia at 1-year, viral load was 3.4 + 0.7 log copies/mL in
the mTORI/IVIg group whereas no patients had a positive BKV DNAemia in the control group

(Figure 2).

Figure 2. BKV DNAemia viral load (log copies/mL) at the time of medical intervention and
at 1-year post-treatment in both groups. BKV: BK virus; mTORi: mammalian target of
rapamycin inhibitor; IV1g: intravenous immunoglobulins.
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During follow-up, two patients (5%) developed biopsy-proven PVAN. Both were in the
mTORI/IVIg group.

In the subgroup analysis that only included patients with a BKV DNAemia of >4 log
copies/mL, the prevalence of BKV viremia clearance was higher in the control group compared

to the mTORI/IVIg group (100% vs. 14.3%, p<0.001).

3.3. Kidney outcomes

3.3.1 Graft survival

The prevalence of death-censored graft survival (DCGS) did not differ between the
mTORI/IVIg and control groups after a median time of 46.3 [21.8 —67.8] months from medical
intervention: 20.6 [19.4 — 21.8] months and 59.2 [43.9 — 68.9] months, respectively (p=0.182).
Figure 3 shows Kaplan — Meyer survival curves of DCGS in both groups.

No patient lost their graft during the first-year post-medical intervention.

Causes of graft loss are presented in Table 2.
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Figure 3. Outcomes of Death-censored graft survival (DCGS) according to BKV
DNAemia treatment. Kaplan-Meier analysis curve, showing death-censored graft survival
rates regarding in patients that received mTORI/IVIg for BKV DNAemia compared to the
control group.
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Table 2 : Etiologies of graft loss
Control group mTORI/IVIg group
1 Chronic T-cell-mediated rejection 3 Polyomavirus BK-associated nephropathy

3 Chronic antibody-mediated rejection
1 Disease recurrence
1 Chronic graft dysfunction
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3.3.2 Rejection rate

The rate of T-cell-mediated rejection was similar between the mTORIi/IVIg and control groups:
16.7% versus 18.8%, respectively (p=0.87). The rate of antibody-mediated rejections was
similar between the mTORI/IVIg and control groups: 16.7% versus 25%, respectively, p=0.54.
Table 3 reports the patients treated for rejection who developed a positive BKV DNAemia after

treatment.

Table 3 : Days between treated rejection and first positive BKV DNAemia

Days between treated rejection and Type of rejection Group
BKV DNAemia
patient 1 178 TCMR mTORi/IVIg
patient 2 24 TCMR and ABMR mTORi/IVIg
patient 3 373 ABMR mTORi/IVIg
patient 4 139 ABMR mTORi/IVIg
patient 5 404 ABMR control

3.3.3 Kidney function

At the time of medical intervention, mean eGFR was 56 + 19 mL/min/1.73m?. There was no
statistical difference in eGFR between the groups: 58.4 + 21 mL/min/1.73m? in the
mTORI/IVIg group and 52.8 + 17 mL/min/1.73m? in the control group (p=0.53). Similarly,
median proteinuria level at the time of medical intervention was 0.2 [0.1-0.3] g/L. Proteinuria
also did not statistically differ between the two groups: 0.3 [0.2 —0.4] g/L versus 0.2 [0 — 0.3]
g/L in the mTORI/IVIg group and control groups, respectively (p=0.12).

Kidney-graft function at 12-months post-medical intervention did not significantly differ
between the mTORI/IVIg and control groups, respectively: 55.5 + 20 mL/min/1.73m2 and 52.1

+ 24 mL/min/1.73m? (p=0.41).
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Proteinuria at 12 months post-medical intervention was significantly higher in the mTORI/IVIg
group compared to the control group: 0.3 [0.2 — 1] g/L versus 0.1 [0 — 0.2] g/L, respectively,

p=0.014.

3.4. Immunosuppression dose and tolerability

We then assessed the potential influence of dose of immunosuppression on BKV outcomes.
Patients in the mTORI/IVIg group received the same mean ATG-induction dose as the control
group: 5 + 2.6 mg/kg, versus 3.8+1 mg/kg (p=0.5).

During the first year before medical intervention, median tacrolimus trough level was 7.9
[6.2,9.7] ng/mL in the mTORI/IVIg group and 7.5 [5.8,10.2] ng/mL in the control group
(p=0.6). During the 6 months after medical intervention, median tacrolimus trough level was
statistically lower in the mTORI/IVIg group: 4.2 [3.4-5.5] ng/mL versus 6 [4.7-7.5] ng/mL in
the control group (p<0.001).

Table 4 details the immunosuppression reduction protocol in the control group.

Table 4 : Type of immunosuppression reduction in the control group

Immunosuppression modifications in the control group n
Lowering CNI 5
Lowering MMF 1
Lowering MMF and CNI 4
Lowering MMF and CNI and stop corticoids 1
Stop corticoids 4
Stop corticoids and lowering CNI 2
Stop MMF and lowering CNI 1
Total 18
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Regarding mTORI tolerance, 81.8% of patients in the mTORI/IVIg group did not discontinue
everolimus at the end of follow-up.

Opportunistic-infection rates during the follow-up did not significantly differ between the
mTORI/IVIg and control groups: respectively, 27.3% versus 38.9% of infections (including
infection-induced hospitalization and CMV infections), p=0.43; with a similar time of
occurrence: respectively, 13.1 [11.3 — 14.8] months versus 7.8 [6.8 — 13.6] months (p=0.46).
Occurrence of cancer did not significantly differ between the mTORI/IVIg and control groups:
respectively, 9.1% versus 27.8% of cancers (p=0.12), with non significant different times of

occurrence at, respectively, 4.8 [0.6 —9.0] months versus 47 [31.0 — 65.3] months; (p=0.12).

3.5 Factors associated with BKV DNAemia clearance

We also assessed factors associated significantly with our primary endpoint: i.e., BKV
DNAemia clearance at 1-year after medical intervention (Table 5).

In univariate analysis, being a female donor, non-sustained DNAemia, and reduced
immunosuppression versus mTORI/IVIg conversion were significantly associated with BKV
DNAemia clearance (Table 5). Time of occurrence between transplantation and BKV
DNAemia did not significantly differ between the BKV DNAemia clearance groups: 3.2 [2.3
4.7] months versus 2.9 [1.7 — 3.1] months for persistent BKV DNAemia patients (p=0.14), nor
did lymphocyte level at time of medical intervention.

In the multivariate model, only two factors remained associated with BKV DNAemia clearance
at 1-year: reducing immunosuppression (vs. mTORI/IVIg conversion) and the absence of
sustained viremia (as defined in the Methods section): OR = 0.04 [0.01 — 0.39], p=0.01 and

0.07 [0.01 — 0.65], p= 0.03, respectively.
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Table 5. Univariate and multivariate analyses of factors associated with BKV DNAemia
clearance at 1-year

Univariate analysis Multivariate analysis
Odd-ratio [2.5—97.5%] p-value  Odd-ratio [2.5 - 97.5%] p-value
Donor gender: male 0.17 [0.03 — 0.69] 0.01 0.14 [0.01 - 1.38] 0.11
High lymphocyte number at  7.58 [0.98 — 97.2] 0.07 35[1.9 - 4127] 0.053
medical intervention
Sustained viremia 0.08 [0.01 — 0.37] 0.004 0.07 [0.01 - 0.65] 0.03
mTORI/IVIg conversion 0.10 [0.01 — 0.48] 0.008 0.04 [0.01 -0.39] 0.01

versus reduced
immunosuppression

4. Discussion

We retrospectively compared two therapeutic strategies for BKV infection. The prevalence of
BKV DNAemia clearance at 1 year was greater in KT recipients that had reduced
immunosuppression compared to those that were converted to mTORI/IVIg. Moreover, in
patients still viremic at 1 year, BKV viral load was significantly higher in the mTORIi/IVIg
group.

Time between KT and positive DNAemia did not significantly differ between patients that had
1-year viral clearance compared to those that were still viremic, nor did lymphocyte level at
time of medical intervention.

Most published studies have compared the effect of mTORi on BKV DNAemia prevention but
not on BKV DNAemia treatment. To our knowledge, this is the first study to compare the use
of mTORI plus 1VIg with the standard-of-care treatment.

Reduced immunosuppression is the first recommended step to manage BKYV infection.?
Reducing immunosuppression has shown efficacy in large prospective studies, although no
randomized controlled trials are currently ongoing. One long-term study investigated outcomes
at 6 years post-transplantation following a reduced immunosuppression protocol to treat
sustained BKV DNAemia. Graft survival, clinical rejection, and eGFR were similar to non-
viremic KT patients.?®
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Successful clearance of BKV-positive DNAemia and the prevention of PVAN after KT relies
on the efficiency of the immune system and, more precisely, specific T-cell immunity.?® A
review published in 2017 by Ambalathingal et al. reports that BKV latency and reactivation are

likely dependent on a stable antiviral memory T-cell response and humoral passive immunity.?’

There is in vitro evidence for the antiviral activity of mTORIi. Comparison of the effects of
mTORi and CNI on BKYV replication in primary human renal-tubular epithelial cells'® showed
that sirolimus impaired BKV replication, with rapid and effective inhibition during early viral
gene expression, but not during later viral gene expression. This is consistent with current data
that report a lower incidence of BKV infection in patients already treated with mTORi and may
explain why mTORI efficacy on active BKV infections has not yet been proven. mTORI, like

rapamycin, does not inhibit BKV-specific T-cell activation,?®

nor does it impair cytokine
secretion and cytotoxic capacity of BKV-specific T cells.?® Moreover, mTOR-inhibition
promotes memory-cell generation in mice,*® and may improve the response of virally induced
memory T cells.?!

The use of mTORi was associated with a reduced incidence of BKV DNAemia in the
TRANSFORM study compared to standard-exposure to CNIs.3? Similarly, the OPTN American
registry analysis showed a significantly lower incidence of BKV infection in transplant
recipients treated with mTORi compared to other immunosuppressive treatments.®® However,
a meta-analysis of randomized controlled trials did not highlight a reduction in BKV infections
in patients receiving mTORi therapy.3*

A small study compared KT recipients of whom seven were treated with mTORI for an active
BKYV infection, eight were undergoing reduced immunosuppression, and fifteen patients were

receiving cidofovir and 1VIg. Improvement in BKV clearance in plasma and urine was shown

in the mTORi group,® but the reduced immunosuppression and cidofovir groups received
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several lines of treatment, making it difficult to interpret those results. Moreover, a prospective
randomized study with 40 patients compared conversion to an everolimus strategy versus a 50%
reduction in MMF to treat BKV infection after KT. There was no statistically significant

difference in BKV DNAemia clearance at 3 months,3® which agrees with our results.

Passive humoral immunity appears to be more effective during early phases of viral replication.
This may explain why we could not show a clear benefit of 1\VIg to treat active established BKV
infections. In 2010, it was shown that human 1VIg contains BKV neutralizing antibodies that
can cause in vitro inhibition of viral DNA. The effect was lower when treatment was delayed
after anti-viral inoculation.™® More recently, a team from Strasbourg Hospital reported that 1VIg
may be a valuable preventive strategy for BKV replication. They confirmed that IVIg
administration increased neutralizing antibody titers in KT recipients.'® They also found that
the incidence of BKV DNAemia in a high-risk group (defined by a low rate of neutralizing
antibodies) was similar to that in a low-risk group (with an initial high rate of neutralizing
antibodies) after supplementing the high-risk group with 1V1g.?®

A series of case reports with poor levels of proof reported the efficacy of 1VIg as a treatment
for active BKV infection. Sener et al. treated eight patients with biopsy-proven PVAN by
reducing immunosuppression and giving 1VIg. In half of their patients, BKV DNAemia was
negative at 15 months follow-up.t’ Histological resolution of PvAN and a reduction in BKV
DNAemia was described after IVIg therapy was given to pediatric KT recipients with persistent
BKV DNAemia and after immunosuppression was reduced and/or cidofovir therapy.83’ In
2020, Matsumura et al. treated five cases of PvAN with 1VIg: three cases had decreased blood
BK DNAemia, and large SV40 T antigens became reduced on all graft biopsies.?*

Some studies with larger cohorts have been published, although they have often used combined

immunosuppressive strategies. Vu et al. reported in 2015 on clearing viremia by 90% in 30
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patients treated with 1VIg after unsuccessfully lowering immunosuppression and leflunomide
therapy.'® A recent retrospective study assessed the benefit of IVIg therapy. 86 patients with
proven BK virus nephropathy were separated into an intervention group receiving IVIG therapy
and a control group treated with leflunomide and ciprofloxacin.

Forty-seven of the 52 (90%) IVIg-treated patients had lowered BKV DNA loads of <500
copies/mL.2% A retrospective, single-center cohort study observed more BKV clearance and a
faster BKVV DNAemia decrease in viral load in a group that received IVIg as well as
cyclosporine, leflunomide, ciprofloxacin, and intravenous cidofovir.%®

In our study, the presence of a control group that received the recommended standard-of-care,
with no other treatment modifications, may explain this difference. We may argue that reducing

immunosuppression alone could have played the same role as IVIg in these patients.

This study has some limitations because of its small cohort size and its retrospective design.
Our two groups were formed from a historical cohort of patients treated between 2013 and
2020, which included time-related changes to the standard of care. The mTORI/IVIg group
included more ABO-incompatible KTs that had not undergone the same initial
immunosuppression regimen and were more at risk for BKV infection, as suggest by Schachtner
et al.*® This may have weakened our results: thus, a prospective, larger study is necessary to
confirm our results.

Due to the retrospective design of our study, immunosuppression protocols were not formally
codified. Indeed, 1VIg doses were heterogeneous depending on the practitioner, despite a
common initial protocol, as well as a delay in medical intervention after the first positive BKV
DNAemia. In the same way, reduced immunosuppression in the control group was not

standardized but was left to the discretion of the physician. However, these variabilities in
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strategies of care for BKV infections reflect the current common practice and, thus, real-life

situations.

4. Conclusion
Our study did not show a benefit for mTORi conversion combined with 1VIg to treat BKV
infection in KT recipients when compared to patients receiving the actual standard of care, i.e.,
reduced immunosuppression. Its retrospective design and limited sample size may, however,

underestimate the efficacy of the mTORI/IVIg strategy.
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