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1 | INTRODUCTION

BK polyomavirus (BKPyV)-associated nephropathy (BKPyVAN) is a
major cause of renal injury and graft loss among kidney transplant
recipients (KTRs). BKPyVAN is characterized by pathologic changes
in renal tissue and is typically accompanied by high-level BKPyV
DNAemia. A plasma BKPyV DNAemia threshold of >10,000 copies/mL
has been proposed as “presumptive BKPyVAN” based oniits correlation
in some assays with histologic evidence of BKPYVAN.1~3 Progression
to BKPyVAN continues to occur despite reductions inimmunosuppres-
sion guided by surveillance testing.l* Further, immunosuppression
reduction can be complicated by the development of acute cellu-
lar rejection or donor-specific antibodies.”~” Thus, specific antiviral
therapies are needed.

Antiviral therapies for the prevention or treatment of BKPyVAN
have been evaluated but have not been effective in randomized
controlled trials or approved for this indication, including fluoro-
quinolones and FK778.8-10 Cidofovir is a monophosphate nucleotide
analog that has demonstrated in vitro activity against BKPyV and, in
some observational studies, has been associated with a reduction in
BKPyV DNAemia.*11-13 Cidofovir is approved for the treatment of
HIV-associated CMYV retinitis and has been used for CMV DNAemia
and disease among other immunocompromised patients at doses of
5 mg/kg every 1-2 weeks, given with probenecid.'**° Cidofovir is also
associated with nephrotoxicity and other adverse effects that limit its
use.16-20 Cidofovir has not previously been evaluated in a controlled,
randomized trial for the treatment of BKPyVAN. This study, sponsored
by the National Institute of Allergy and Infectious Diseases (NIAID),
and the National Institutes of Health (NIH), was a randomized multi-
center trial of cidofovir among adults with BKPyVAN. The study was

discontinued prior to full accrual because of slower-than-anticipated

enrollment.
2 | METHODS
2.1 | Study design

This was a randomized, multicenter, double-blind, placebo-controlled,
sequential dose-escalation trial to evaluate the safety, tolerability, and

studied. The proportion of subjects with any adverse event (AE) was similar between
groups (9/14 [64%)] in the combined cidofovir dose groups and 6/8 [75%] in the
placebo group); 84% of AEs were mild. BKPyV DNAemia reduction by day 49 was
similar between groups (>1 log,o reduction in (2/9 [22.2%] of 0.25 mg/kg group, 1/5
[20%] of 0.5 mg/kg group, and 2/8 [25%] of placebo group).

Conclusions: These preliminary results indicate that low-dose cidofovir was safe
and tolerated but had no significant BKPyV-specific antiviral effect in KTRs with

BK virus, kidney transplant, cidofovir, randomized controlled trial

preliminary efficacy of IV cidofovir in KTRs with newly diagnosed
BKPyVAN. The study was planned as a dose escalation study with three
dose cohorts (0.25, 0.5, and 1.0 mg/kg) with a proposed enrollment of
12 patients per cohort, randomized 2:1 in parallel groups to cidofovir
versus placebo (0.9% normal saline). Once a maximum tolerated dose
(MTD) was established, 12 additional patients were anticipated to be
enrolled at the MTD for efficacy analyses.

The NIH, institutional review boards at all sites, and an indepen-
dent Data Safety and Monitoring Board (DSMB) approved the study,
which was registered on clinicaltrials.gov (NCT00138424). Written
informed consent was obtained from all patients or their legally autho-
rized representatives. Due to slower-than-anticipated subject accrual,
the DSMB determined that the study could not fully accrue within
a reasonable time span. Thus, enrollment was terminated mid-way
through Cohort Il, after 22 subjects completed the study; no patients
were enrolled into Cohort Il (1.0 mg/kg); additionally, funding and
trial oversight of the collaborative antiviral study group (CASG) was
discontinued by NIAID.

2.2 | Patients

Eligible patients were kidney or kidney-pancreas transplant recip-
ients age >18 years with newly diagnosed BKPyVAN, defined as
either “biopsy-confirmed” (renal biopsy demonstrating BK virus by
immunohistochemistry, electron microscopy, or in situ hybridization)
or “probable” (BKPyV load in plasma >10,000 copies/mL) within the
prior 60 days. We use the term “probable BKPyVAN” to be consistent
with consensus definitions for clinical trials? however “presumptive
BKPyVAN” has also been used to refer to plasma BKPyV DNAemia
>10,000 copies/mL in major clinical practice guidelines.»2122 Patients
with biopsy-confirmed BKPyVAN were also required to have a BKPyV-
DNAemia in plasma >10,000 copies/mL within 21 days prior to
enrollment (assay performed at local or central laboratories). Other
key inclusion criteria included estimated glomerular filtration rate
(eGFR) >30 mL/min (calculated by the original extended modification
of diet in renal disease [MDRD] equation)?® and absolute neutrophil
count (ANC) >1000/microL. Key exclusions included: previous treat-
ment with cidofovir within the preceding 2 weeks, recent or planned
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receipt of other known nephrotoxic medications, contraindication to
renal biopsy (for the purpose of subsequent evaluation), or coexisting
ocular hypotony or uveitis (see Protocol in Supporting Information for
full study procedures).

After subjects were enrolled, BKPyV DNA in plasma and urine was
assessed at the CASG Central Laboratory (University of Alabama at
Birmingham). Following precedent for BKPyV and other transplant
viruses, we refer to the detection of viral load from plasma as “BKPyV-
DNAemia”.}:24 Cidofovir dosing was adjusted for GFR per the Food and
Drug Administration label. eGFR was calculated using the extended
MDRD equation?® (Protocol in Supporting Information).

2.3 | Randomization and study procedures

The study was planned to include 3 dose cohorts (0.25, 0.5, and
1.0 mg/kg) with each subject receiving a total of four doses on days
0, 7, 21, and 35. The study drug was initiated within 60 days of the
diagnosis of BKPyVAN. Each cohort was planned to include 12 sub-
jects randomized 2:1 using web-based randomization to receive either
cidofovir or placebo (0.9% normal saline). The sample size was cho-
sen based on feasibility considerations and a 15.3% estimated standard
error for adverse event (AE) rate for each treatment group (n = 8)
and a 21.7% estimated standard error for AE rate in each control
group (n = 4), assuming an AE rate of <25% (Protocol in Supporting
Information).

Urine and plasma BKPyV samples for quantitative polymerase chain
reaction were obtained during the 3-week screening period, within 48
h of dosing on day 0, and then at follow-up visits on days 7, 21, 35, and
49; samples were stored at —80°C at enrolling sites and batch shipped
to the Central Laboratory (assessed as previously published at CASG
laboratory?°). BKPyV-DNA loads were reported in copies/mL (conver-
sion: 1 IU = 1.72 copies/mL). Physical examination, review for AEs, and
laboratory assessments were performed at all visits. Pharmacokinetic
(PK) and pharmacodynamic (PD) assessments were additionally per-

formed. The results of PK/PD analyses are included in subsections 15
and 16 of the final study report on clinicaltrials.gov.
Immunosuppression was reduced at the time of BKPyVAN diagno-
sis at the discretion of the patient’s clinical team; adjustments were
individualized but generally followed guidance provided in the study
protocol, which suggested reduction of mycophenolate mofetil dose by
increments of 250 mg twice daily every 2 weeks to a baseline dose of
500 mg twice daily to O mg daily + calcineurin inhibitor dose reduction
(tacrolimus dose adjusted for goal trough level of 5-7 ng/mL).

24 | Outcomes
The primary study outcomes were safety and tolerability of cidofovir at
the studied doses and virologic efficacy assessments measured at end-

of-treatment on day 49.

2.4.1 | Safety and tolerability

The prespecified outcomes were deterioration in renal function,
decline in ANC to <500 cells/microL, and ocular complications
(hypotony, uveitis). Any subject who developed a >50% reduction in
eGFR from baseline underwent renal biopsy as part of routine clin-
ical care and the study drug was discontinued. Additional endpoints

included >25% decrease in eGFR or >20% increase in creatinine.

24.2 | Efficacy

The primary efficacy endpoint was a >1-log decrease in BKPyV-
DNAemia measured at the central laboratory between baseline and
day 49. Additional prespecified analyses included the percentage of
study participants who achieved a negative BKPyV urine or plasma
DNA result between baseline and day 49 and the percentage of study

Assessed for
eligibility (n=278)

Excluded (n=256):

Viral load ineligible (n=55)
Unable to adhere to protocol (n=46)
Renal function too low (n=23)

Transplant status other than kidney or
kidney-pancreas (n=19)
Nephropathy not confirmed (n=8)

| Randomized (n=22) |

Other or missing (n=105)

l 1
Allocated to cidofovir Allocated to cidofovir Allocated to placebo (n=8):
0.25mg/kg (n=9): 0.5mg/kg (n=5): Received placebo (n=7)
Received cidofovir (n=9) Received cidofovir (n=5) Discontinued study (n=1)
| Analyzed(n=9) | |  Analyzed(n=5) | [  Analyzed(n=g) |

FIGURE 1 Flowdiagram of patient enroliment.
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participants who had any reduction in urine/plasma BKPyV DNA level
between baseline and day 49.

2.5 | Sample size and statistical analysis

Each cohort was planned to include 12 subjects. Virologic endpoints
and AEs were reported descriptively. SAS 9.0 and Rstudio 1.4.1106
were used for statistical assessments and the generation of figures.

3 | RESULTS

3.1 | Study population

A total of 278 patients with new onset BKPyVAN were screened and
22 (7.9%) were enrolled (Figure 1; Appendix S1) between 5/22/2006
and 5/11/2010. The most common reasons for lack of enroliment
included a lack of qualifying DNA load measurement, inability to
adhere to the trial protocol or eGFR of <30 mL/min. All enrolled
subjects were kidney recipients alone and all subjects had biopsy-
confirmed BKPyVAN diagnoses at a median of 25.5 days before enroll-
ment (interquartile range of 14.75-34.75). Nine patients received
cidofovir (0.25 mg/kg), five received cidofovir (0.5 mg/kg), and eight
received a placebo and completed the study before the trial was ter-
minated by NIAID. The demographics of enrolled patients are listed in
Table 1.

TABLE 1 Demographics and clinical characteristics of cohort.
Cidofovir
0.25 mg/kg
n=9
White race, non-Hispanic (%) 5(55.5)
Self-identified Male sex (%) 6(66.7)
Age at enrollment, median years (IQR) 57 (53-65)
Time since transplant, median months (IQR) 22(7.8-29.2)
Deceased donor transplant (%) 7(77.8)
Creatinine at enrollment, median mg/dL (IQR) 1.5(1.4-2.2)
eGFR at enrollment?, median (IQR) 44 (37-52)
Baseline absolute lymphocyte count <500 (%)° 1/5(20)
Baseline immunosuppression©:
Tacrolimus/mycophenolate/prednisone 3/7 (43)
Tacrolimus/prednisone 2/7 (29)
Tacrolimus/mycophenolate 1/7 (14)
Otherd 1/7(14)
Tacrolimus trough, median (IQR)® 5.7 (5.6-7.8)

3Calculated using an extended MDRD equation (see study protocol).
bData for seven patients were missing.
“Data for two patients were missing.

3.2 | Safety and tolerability

No specific AE occurred at a high rate. Fifteen of 22 subjects (68%) had
at least one AE (6/8 [75%] of patients in the placebo group and 9/14
[64%] in the cidofovir groups); the majority (83.9%) were mild (Table 3).
Thirteen percent of the AEs were attributed to the study drug (4/8
[50%] in the placebo group vs. 5/14 [36%] in the intervention group).
Two serious AEs were reported, both in the placebo group (exacerba-
tion of cellulitis and acute cellular rejection); one was judged by the
investigator to be related to treatment. One participant in the placebo
arm discontinued the study early due to an elevation of creatinine and
volume overload that was deemed by the investigator to be potentially
related to treatment. No deaths or graft losses occurred among study
subjects by day 49 (end of study follow-up).

There was no significant reduction in white blood cell count or ANC
between Day 0 and Day 49 in either dosing cohort. Routine chemistries
and liver function were not significantly different between the two
groups. No differences in chemistry and urinalysis, including serum cre-
atinine and eGFR, were noted between Day 0 and Day 49, or between

the two treatment groups (Table 3).

3.3 | Efficacy

Median plasma and urine BKPyV DNA loads at day O were: 5.4 logqg
copies/mL (range 4.0-7.5) and 8.9 logqg copies/mL (range 4.5-9.6),
respectively (Table 2). Changes in BKPyV DNA levels in the treatment

Cidofovir Cidofovir Placebo
0.5 mg/kg (combined cohorts) (combined cohorts)
n=5 n=14 n=8
2 (40) 7 (50) 5(62.5)
5(100) 11(79) 7(87.5)
60 (53-66) 58.5(53-65) 46.5(38.8—-59.5)
8.5(7.9-48.9) 15.5(7.8-29.5) 21.3(8.9-35.0)
3(60) 10(71) 5(62.5)
15(1.1-1.7) 1.5(1.2-1.8) 1.4(1.2-1.7)
48 (40-79) 46 (37-57) 57 (43-68)
0/5(0) 1/10(10) 2/5 (40)
4/5 (80) 7/12(6) 6/8(75)
0 2/12(17) 0
0 1/12(8) 2/8(25)
1/5(20) 2/12(17) 0
6(3.9-7.6) .7(3.9-7.7) 5.8(5.1-7.6)

d0ther consists of tacrolimus/sirolimus/prednisone (n = 1), and sirolimus/mycophenolate/prednisone (n = 1).
¢Data available for 5/8 patients in the placebo group, 6/9 patients in the 0.25 mg/kg cidofovir group, and 3/5 patients in the 0.5 mg/kg cidofovir group.
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TABLE 2 Virologic data and endpoints.

Cidofovir 0.25 mg/kg Cidofovir 0.5 mg/kg Placebo
nD;=9 (%) n=>5(%) n=28(%)
Plasma BKPyV DNAemia
Logyo VL at day O, median (range) 5.9(4.0-7.5) 5.3(4.2-5.8) 5.3(4.0-6.5)
Number with undetectable BKPyV load at day 49 0 0 1(12.5)
Change in logyo VL from day O to day 492, median (range) -0.4(-1.4-0.1) -0.6(-1.1--0.1) —-0.5(-1.6-1.1)
Number whose VL decreased by >1 log between day O to day 49 2(22.2) 1(20) 2(25)
Urine DNAuria
Log of VL at day O, median (range) 9.1(4.5-9.6) 8.6(5.9-9.1) 8.8(5.8-9.3)
Number with undetectable BKPyV load at day 49 0 0 0
Change in log VL from day O to day 492, median (range) —-0.2(-2.7-0.4) 0.0(-0.9-0.1) —-0.5(-1.4-0.2)
Number whose VL decreased by >1 log from day O to day 49 4(44.4) 0 2(25)
2A negative result signifies a decrease in viral load on day 49 relative to day O.
TABLE 3 Safety endpoints.
Cidofovir 0.25 mg/kg Cidofovir 0.5 mg/kg Placebo
n=9(%) n=>5(%) n=8(%)
Patients with >1 adverse event 6(66.7) 3(60) 6(75)
Patients with >1 serious adverse event? 0 0 2(25)
WABC count <3500 cells/uL compared to baseline 2(22) 1(20) 1(13)
ANC<1000 cells/uL?® 1(11) 0 0
Grade 2-4 ocular effects during the study period 0 0 0
Development of acute cellular rejection 0 0 1(13)
Graft loss 0 0 0
Creatinine change
Increase in creatinine, median (IQR) 0(-0.1,0.2) 0(-0.1,0.0) 0.2(0,0.3)
Increase in creatinine, mean (std dev) 0.17 (0.5) 0(0.21) 0.2(0.2)
Increase in creatinine by >20% of baseline 3(33.3) 1(20) 3(37.5)
eGFR change
Change in eGFR, median (IQR) -2.3(-7.5,4.8) -1.3(-18,1) -3(-13.9,2.5)
Change in eGFR, mean (std dev) -3.5(9.5) -1.3(6.0) —4.3(9.5)
Decrease in eGFR by >50% of baseline 1(11) 0 0
Decrease in eGFR by >25% of baseline 1(11) 0 1(12.5)
2No patients had ANC < 500.

and placebo groups showed similar trends (Figure 2A,B and Figures
S1-54). The only subject who achieved undetectable BKPyV-DNAemia
(i.e., <200 copies/mL, the limit of detection of the assay) was in the
placebo arm (baseline plasma BKPyV-DNAemia 3.9 logqq copies/mL).
Only 5/22 (22.7%) of participants had a reduction in BKPyV-DNAemia
by >1 logq by day 49: 2/8 in the placebo group, 2/9 in the 0.25 mg/kg
group, and 1/5 in the 0.5 mg/kg group.

4 | DISCUSSION

In this randomized, placebo-controlled trial among KTRs with biopsy-

confirmed BKPyVAN, within the limitations of the small sample size,

low-dose cidofovir was safe and well-tolerated but had no significant
effect on BKPyV DNA levels in either urine or blood. These data do not
support cidofovir as an effective treatment for BKPyVAN in KTR at the
low doses studied.

Cidofovir has been associated with multiple potential adverse
effects, including nephrotoxicity, ocular hypotonia, uveitis, and
leukopenia.16~20 Despite frequent clinical and laboratory assessments
during the intervention period, this study identified a low frequency
of AEs with cidofovir at the dose regimens used. The optimal dose
of cidofovir was not determined in the study, but typical doses used
in prior studies for the treatment of BKPyV-DNAemia or BKPyVAN
in KTRs have ranged from 0.25 to 1 mg/kg/dose every 1-3 weeks

without probenecid.l Concurrent probenecid was not used in this
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FIGURE 2

Placebo
Study Group
~e- 0.25 mg/ikg CDV
-8~ 0.5 mg/kg CDV
-~ Placebo
40 500 10 20 30 40 50
Placebo
Study Group
~&- 0.25 mg/ikg CDV
-8~ 0.5 mg/kg CDV
-8~ Placebo
40 500 10 20 30 40 50

(A, B) Individual patient logo plasma DNA load over time normalized to baseline BK polyomavirus (BKPyV) DNA load (A);

individual urine log1g DNA loads over time normalized to baseline urine BKPyV DNA load (B).

study based on the lack of an effect on cidofovir plasma concentrations
at doses <1 mg/kg.2é Although the full dose-ranging protocol was not
completed for this study, no major safety concerns were evident with
these regimens in the small number of patients during the relatively

short follow-up period.

Cidofovir has been used as antiviral therapy in BKPyVAN but there
are no supportive data from placebo-controlled trials. At the low doses
studied, there was no significant effect of cidofovir on BKPyV DNA
levels in blood or urine in either of the cidofovir dose groups com-

pared to placebo. Clearance of BKPyV-DNAemia occurred in only 1
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placebo participant during the 7-week study period, which is consis-
tent with other studies demonstrating clearance of BKPyV DNAemia
after a mean of 6-12 months?”-28 among KTRs with biopsy-confirmed
BKPyVAN. The expected decline in BKPyV load with a clinically effec-
tive antiviral agent is unknown, and a virologic endpoint is not currently
considered appropriate as a primary outcome in registrational (phase
3) interventional clinical trials by regulatory authorities.2 However,
efficacious antivirals would likely affect plasma BKPyV load; BKPyV-
DNAemia results from BKPyV replication within the allograft,>22
and the level of BKPyV-DNAemia is quantitatively associated with
biopsy-confirmed BKPyVAN.1:32729-34 Fynk et al modeled viral repli-
cation and concluded that a 50% reduction of BKPyV in the allograft
would be associated with a decline in plasma BKPyV-DNAemia of 1-
2 logyg units, although would not result in clearance.?®> An effective
antiviral agent should at minimum be expected to result in a >1 log
decline in plasma BKPyV load over 4-8 weeks.3>~43 By multiple objec-
tive measures of BKPyV-DNAemia reduction (proportion with >1 log
reduction, proportion with resolution of BKPyV-DNAemia), there was
no antiviral effect of cidofovir at the doses and regimens used beyond
what was achieved by reducing immunosuppression alone (i.e., placebo
group). However, routine follow-up biopsies to assess the extent of
BKPyV in the allograft were not performed in this study and it is
possible that higher doses of cidofovir might have higher efficacy.

An important strength of this study is that it is the only randomized,
placebo-controlled trial of cidofovir for the treatment of BKPyVAN
in KTR. The use of frequent and standardized BKPyV-DNA measure-
ments performed in a central laboratory by blinded personnel allowed
for detailed and unbiased characterization of changes in BKPyV DNA
levels inurine and blood during the treatment period. We acknowledge
important limitations. The study was small and there were differences
in baseline characteristics between groups, which limits robust statisti-
cal comparative assessment of cidofovir dosing or cidofovir use versus
placebo. We cannot determine whether higher doses of IV cidofovir
would have been more effective or toxic. The follow-up interval was
short, which may have lowered the observed rate of nephrotoxicity and
other AEs. Due to the potential for nephrotoxicity associated with cido-
fovir, this study enrolled only patients who had an eGFR of >30 mL/min,
and thereby excluded many patients with new-onset BKPyVAN who
may present with more severe renal dysfunction®; other major BKPyV-
specific reasons for exclusions include requirement of specific BKPyV
load and requirement for renal allograft biopsy. We used doses that had
previously been tolerated and associated with a BKPyV antiviral effect,
and we are unable to say whether higher doses may have had an antivi-
ral effect or increased the risk of toxicity. Biopsies were unable to be
classified using more recent Banff grading. Reductions in immunosup-
pression were per clinical practice rather than protocol mandated but
are unlikely to have impacted BKPyV DNA levels over the short time
frame of follow-up.

Effective and safe antiviral therapy remains an important unmet
need for BKPyVAN in KTRs. In this randomized, placebo-controlled
trial of KTRs with biopsy-confirmed BKPyVAN who underwent stan-
dard immunosuppression reduction, the low doses of cidofovir did not

lead to a significant decline in BKPyV DNA levels in urine or blood

over 7 weeks. No major safety concerns related to low-dose cidofovir
administration were evident during the short duration of follow-up.
Based on these preliminary results, cidofovir at the low doses studied
cannot be recommended as an effective therapy for BKPyVAN in KTR.

ACKNOWLEDGMENTS

This work was supported by grant funding from the National Institute
of Allergy and Infectious Diseases (Al-30025). The study drug was pro-
vided by Gilead Sciences, Inc. We are grateful to the study participants

and site teams without whom this study would not have been possible.

CONFLICT OF INTEREST STATEMENT

Disclosures include: research grant from MEMO therapeutics [Clifton
Kew]; consulting fees from Sanofi, Veloxis, Transplant Genomics
[Alexander C. Wiseman]; speaker fees from Sanofi, Veloxis, Takeda
[Alexander C. Wiseman], employee and stockholder at Gilead Sciences
[James Rooney]. The remainder of the authors declare no conflict of

interest.

DATA AVAILABILITY STATEMENT
The data that support the findings of this study are available from the
corresponding author upon reasonable request.

ORCID
Hannah Imlay "= https://orcid.org/0000-0002-3429-4655
https://orcid.org/0000-0003-4182-341X

https://orcid.org/0000-0001-9959-9276

Jo-Anne H. Young
Richard J. Whitley

REFERENCES

1. Hirsch HH, Randhawa PS. BK polyomavirus in solid organ
transplantation-guidelines from the American Society of Trans-
plantation Infectious Diseases Community of Practice. Clin Transplant.
2019;33(9):€13528.

2. Imlay H, Baum P, Brennan DC, et al. Consensus definitions of BK poly-
omavirus nephropathy in renal transplant recipients for clinical trials.
Clin Infect Dis. 2022.

3. Hirsch HH, Knowles W, Dickenmann M, et al. Prospective study of
polyomavirus type BK replication and nephropathy in renal-transplant
recipients. N Engl J Med. 2002;347(7):488-496.

4. Johnston O, Jaswal D, Gill JS, Doucette S, Fergusson DA, Knoll GA.
Treatment of polyomavirus infection in kidney transplant recipients: a
systematic review. Transplantation. 2010;89(9):1057-1070.

5. Dieplinger G, Everly MJ, Briley KP, et al. Onset and progression of de
novo donor-specific anti-human leukocyte antigen antibodies after BK
polyomavirus and preemptive immunosuppression reduction. Transpl
Infect Dis. 2015;17(6):848-858.

6. Hod-Dvorai R, Lee R, Muluhngwi P, et al. Development of de novo
donor-specific antibodies in renal transplant recipients with BK
viremia managed with immunosuppression reduction. Transpl Infect
Dis. 2023;25(1):€13993.

7. Mannon RB, Hoffmann SC, Kampen RL, et al. Molecular evaluation
of BK polyomavirus nephropathy. Am J Transplant. 2005;5(12):2883-
2893.

8. Guasch A, Roy-Chaudhury P, Woodle ES, Fitzsimmons W, Holman J,
First MR. Assessment of efficacy and safety of FK778 in comparison
with standard care in renal transplant recipients with untreated BK
nephropathy. Transplantation. 2010;90(8):891-897.

9. Lee BT, Gabardi S, Grafals M, et al. Efficacy of levofloxacin in the
treatment of BK viremia: a multicenter, double-blinded, randomized,
placebo-controlled trial. Clin J Am Soc Nephrol. 2014;9(3):583-589.


https://orcid.org/0000-0002-3429-4655
https://orcid.org/0000-0002-3429-4655
https://orcid.org/0000-0003-4182-341X
https://orcid.org/0000-0003-4182-341X
https://orcid.org/0000-0001-9959-9276
https://orcid.org/0000-0001-9959-9276

8of8

10.
11.

12.

13.

14.

15.

16.

17.

18.
19.
20.

21

22.

23.

24.
25.
26.

27.

28.

29.

TRANSPLANT
INFECTIOUS
DISEASE

IMLAY ET AL.

o
Knoll GA, Humar A, Fergusson D, et al. Levofloxacin for BK virus pro-
phylaxis following kidney transplantation: a randomized clinical trial.
JAMA. 2014;312(20):2106-2114.

Keller LS, Peh CA, Nolan J, Bannister KM, Clarkson AR, Faull RJ. BK
transplant nephropathy successfully treated with cidofovir. Nephrol
Dial Transplant. 2003;18(5):1013-1014.

Vats A, Shapiro R, Singh Randhawa P, et al. Quantitative viral
load monitoring and cidofovir therapy for the management of BK
virus-associated nephropathy in children and adults. Transplantation.
2003;75(1):105-112.

Kuypers DR, Vandooren AK, Lerut E, et al. Adjuvant low-dose cidofovir
therapy for BK polyomavirus interstitial nephritis in renal transplant
recipients. Am J Transplant. 2005;5(8):1997-2004.

Razonable RR, Humar A. Cytomegalovirus in solid organ trans-
plant recipients-Guidelines of the American Society of Transplan-
tation Infectious Diseases Community of Practice. Clin Transplant.
2019;33(9):e13512.

Tomblyn M, Chiller T, Einsele H, et al. Guidelines for prevent-
ing infectious complications among hematopoietic cell transplanta-
tion recipients: a global perspective. Biol Blood Marrow Transplant.
2009;15(10):1143-1238.

Vandercam B, Moreau M, Goffin E, Marot JC, Cosyns JP, Jadoul
M. Cidofovir-induced end-stage renal failure. Clin Infect Dis.
1999;29(4):948-949.

Meier P, Dautheville-Guibal S, Ronco PM, Rossert J. Cidofovir-induced
end-stage renal failure. Nephrol Dial Transplant. 2002;17(1):148-149.
Vittecog D, Dumitrescu L, Beaufils H, Deray G. Fanconi syndrome
associated with cidofovir therapy. Antimicrob Agents Chemother.
1997;41(8):1846.

Davis JL, Taskintuna I, Freeman WR, Weinberg DV, Feuer WJ, Leonard
RE. Iritis and hypotony after treatment with intravenous cidofovir for
cytomegalovirus retinitis. Arch Ophthalmol. 1997;115(6):733-737.
Friedberg DN. Hypotony and visual loss with intravenous cid-
ofovir treatment of cytomegalovirus retinitis. Arch Ophthalmol.
1997;115(6):801-802.

Hirsch HH, Brennan DC, Drachenberg CB, et al. Polyomavirus-
associated nephropathy in renal transplantation: interdisciplinary
analyses and recommendations. Transplantation. 2005;79(10):1277-
1286.

Kotton CN, Kamar N, Wojciechowski D, et al. The Second Inter-
national Consensus Guidelines on the management of BK poly-
omavirus in kidney transplantation. Transplantation. doi:10.1097/TP.
0000000000004976

Levey AS, Bosch JP, Lewis JB, Greene T, Rogers N, Roth D. A more
accurate method to estimate glomerular filtration rate from serum
creatinine: a new prediction equation. Modification of Diet in Renal
Disease Study Group. Ann Intern Med. 1999;130(6):461-470.
Ljungman P, Boeckh M, Hirsch HH, et al. Definitions of
cytomegalovirus infection and disease in transplant patients for
use in clinical trials. Clin Infect Dis. 2017;64(1):87-91.

Limaye AP, Jerome KR, Kuhr CS, et al. Quantitation of BK virus load
in serum for the diagnosis of BK virus-associated nephropathy in renal
transplant recipients. J Infect Dis. 2001;183(11):1669-1672.

Momper JD, Zhao Y, Shapiro R, et al. Pharmacokinetics of low-
dose cidofovir in kidney transplant recipients with BK virus infection.
Transpl Infect Dis. 2013;15(1):34-41.

Drachenberg CB, Papadimitriou JC, Chaudhry MR, et al. Histo-
logical evolution of BK virus-associated nephropathy: importance
of integrating clinical and pathological findings. Am J Transplant.
2017;17(8):2078-2091.

Nankivell BJ, Renthawa J, Sharma RN, Kable K, O’Connell PJ, Chapman
JR. BK virus nephropathy: histological evolution by sequential pathol-
ogy. Am J Transplant. 2017;17(8):2065-2077.

Randhawa P, Ho A, Shapiro R, et al. Correlates of quantitative
measurement of BK polyomavirus (BKV) DNA with clinical course

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

of BKV infection in renal transplant patients. J Clin Microbiol.
2004;42(3):1176-1180.

Viscount HB, Eid AJ, Espy MJ, et al. Polyomavirus polymerase chain
reaction as a surrogate marker of polyomavirus-associated nephropa-
thy. Transplantation. 2007;84(3):340-345.

Bicalho CS, Oliveira RDR, David DR, et al. Determination of viremia
cut-off for risk to develop BKPyV-associated nephropathy among
kidney transplant recipients. Transpl Infect Dis. 2018;20(5):e12969.
Pollara CP, Corbellini S, Chiappini S, et al. Quantitative viral load
measurement for BKV infection in renal transplant recipients as a
predictive tool for BKVAN. New Microbiol. 2011;34(2):165-171.

Costa C, Bergallo M, Astegiano S, et al. Monitoring of BK virus repli-
cation in the first year following renal transplantation. Nephrol Dial
Transplant. 2008;23(10):3333-3336.

Sood P, Senanayake S, Sujeet K, et al. Management and outcome of
BK viremia in renal transplant recipients: a prospective single-center
study. Transplantation. 2012;94(8):814-821.

Funk GA, Gosert R, Comoli P, Ginevri F, Hirsch HH. Polyomavirus
BK replication dynamics in vivo and in silico to predict cytopathol-
ogy and viral clearance in kidney transplants. Am J Transplant.
2008;8(11):2368-2377.

Asberg A, Humar A, Rollag H, et al. Lessons learned from a randomized
study of oral valganciclovir versus parenteral ganciclovir treatment
of cytomegalovirus disease in solid organ transplant recipients: the
VICTOR trial. Clin Infect Dis. 2016;62(9):1154-1160.

Andersson KL, Chung RT. Monitoring during and after antiviral ther-
apy for hepatitis B. Hepatology. 2009;49(5 Suppl):S166-173.

Chan HL, Wong VW, Wong GL, Chim AM, Chan HY, Sung JJ. Early
hepatitis B virus DNA suppression can predict virologic response to
peginterferon and lamivudine treatment. Clin Gastroenterol Hepatol.
2008;6(9):1022-1026.

Truong J, Shadbolt B, Ooi M, et al. Week 4 viral load predicts long-
term suppression of hepatitis B virus DNA during antiviral therapy:
improving hepatitis B treatment in the real world. Intern Med J.
2017;47(1):50-56.

Kowdley KV, Nelson DR, Lalezari JP, et al. On-treatment HCV RNA
as a predictor of sustained virological response in HCV genotype 3-
infected patients treated with daclatasvir and sofosbuvir. Liver Int.
2016;36(11):1611-1618.

Smith CJ, Staszewski S, Sabin CA, et al. Use of viral load measured after
4 weeks of highly active antiretroviral therapy to predict virologic out-
come at 24 weeks for HIV-1-positive individuals. J Acquir Inmune Defic
Syndr. 2004;37(1):1155-1159.

Demeter LM, Hughes MD, Coombs RW, et al. Predictors of virologic
and clinical outcomes in HIV-1-infected patients receiving concurrent
treatment with indinavir, zidovudine, and lamivudine. AIDS Clinical
Trials Group Protocol 320. Ann Intern Med. 2001;135(11):954-964.

. Funk GA, Gosert R, Hirsch HH. Viral dynamics in transplant patients:

implications for disease. Lancet Infect Dis. 2007;7(7):460-472.

SUPPORTING INFORMATION

Additional supporting information can be found online in the Support-

ing Information section at the end of this article.

How to cite this article: Imlay H, Gnann JW, Rooney J, et al. A
randomized, placebo-controlled, dose-escalation phase I/11
multicenter trial of low-dose cidofovir for BK polyomavirus
nephropathy. Transpl Infect Dis. 2024;26:14367.
https://doi.org/10.1111/tid. 14367


https://doi.org/10.1097/TP.0000000000004976
https://doi.org/10.1097/TP.0000000000004976
https://doi.org/10.1111/tid.14367

	A randomized, placebo-controlled, dose-escalation phase I/II multicenter trial of low-dose cidofovir for BK polyomavirus nephropathy
	Abstract
	1 | INTRODUCTION
	2 | METHODS
	2.1 | Study design
	2.2 | Patients
	2.3 | Randomization and study procedures
	2.4 | Outcomes
	2.4.1 | Safety and tolerability
	2.4.2 | Efficacy

	2.5 | Sample size and statistical analysis

	3 | RESULTS
	3.1 | Study population
	3.2 | Safety and tolerability
	3.3 | Efficacy

	4 | DISCUSSION
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT

	ORCID
	REFERENCES
	SUPPORTING INFORMATION


