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Abstract
Background—BK virus associated nephropathy (BKVN) is associated with an increased risk of
graft failure.

Methods—Levels of mRNAs encoding proteins implicated in inflammation and fibrosis were
measured in urine collected at the time of biopsy diagnosis of BKVN in 29 kidney graft recipients,
and analyzed for prognosticating graft failure using logistic regression.
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Results—Ten of 29 BKVN patients had graft failure within 36 months of BKVN diagnosis and
the remaining 19 patients did not. Serum creatinine level, BKVN biopsy stage and urinary cell
levels of mRNA for PAI-1, vimentin, TIMP-1, fibronectin, granzyme B or perforin were
associated with graft failure. A combination of PAI-1 mRNA level, BKVN biopsy stage and
creatinine level (P=0.0015, by logistic regression) and a combination of PAI-1 mRNA level and
creatinine level (P=0.001) were the best fitting models for prognosticating graft failure, and PAI-1
mRNA level was the only independent predictor (OR=2.8; 95% CI: 1.1 to 6.8, P=0.03) by
multivariable analysis. The AUC for the combination of PAI-1 mRNA, biopsy and creatinine was
0.92 (95% CI: 0.80 to 1.0, P<0.001) by ROC curve analysis, and the AUC was 0.92 (95% CI: 0.80
to 1.0, P<0.001) for the combination of PAI-mRNA and creatinine. Graft outcome was correctly
predicted in 27 of 29 BKVN patients by either model.

Conclusion—Urinary cell level of PAI-1 mRNA, measured at the time of BKVN diagnosis, is
an independent prognosticator of graft failure and a prediction model of serum creatinine and PAI
mRNA is as accurate as the model that includes the biopsy result.
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INTRODUCTION
Polyomavirus BK-associated nephropathy (BKVN) is a serious complication following
kidney transplantation and is associated with a high rate of graft failure (1). Biopsy features
prognostic of BKVN have been elucidated and the presence of intragraft fibrosis and
inflammation have been reported to portend graft functional decline and failure (2, 3).
BKVN associated histologic changes however may be focal in nature and sampling errors
are a cause of concern (3, 4).

The invasive biopsy procedure has become safer over the years but can still be associated
with bleeding, graft loss and rarely death (5, 6). Development of noninvasively measurable
biomarkers diagnostic and prognostic of BKVN may improve clinical outcome. We have
developed and validated that urinary cell level of BKV-VP1 mRNA is accurately diagnostic
of BKVN (7, 8). We have also reported that BKV-VP1 mRNA level, measured at the time
of BKVN diagnosis, is not predictive of future graft function whereas levels of granzyme B
mRNA and its endogenous antagonist proteinase inhibitor (PI)-9 mRNA are predictive of
decline in graft function during the 12-months following BKVN diagnosis (8).

In view of data that the presence of fibrosis as well as inflammation in the kidney allograft
with BKVN diagnosis have been associated with subsequent graft functional decline and
failure (2, 9) and in the light of our findings that urinary cell mRNA profiles are diagnostic
of intragraft inflammation and fibrosis (10–12), we designed and developed a 20 member
urinary cell mRNA panel comprised of mRNAs encoding proteins implicated in fibrosis and
inflammation and investigated the hypothesis that urinary cell mRNA profiles of urine
collected at the time of BKVN diagnosis foretell graft failure in patients with BKVN.

RESULTS
BKVN Patients with or without Graft Failure

One thousand four hundred and fifty patients received a kidney transplant at our center
during January 1999 to December 2008, and 38 (2.6%) patients were diagnosed as having
BKVN following a clinically indicated kidney allograft biopsy. Urine specimens collected at
the time of biopsy were available in 29 of 38 BKVN patients, and these 29 patients
constitute the study cohort for this investigation (Table 1).
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Ten of the 29 BKVN patients had graft failure requiring chronic hemodialysis therapy (Graft
Failure group) within 24 months of biopsy diagnosis of BKVN and the remaining 19 did not
experience graft failure for a minimum of 36-months following the biopsy (No Graft Failure
group). Five patients were diagnosed with BKVN prior to the 2005 publication of the
Interdisciplinary Analyses and Recommendations for monitoring, diagnosis and
management of BKVN (13). Two of the five were in the Graft Failure group and three were
in the No Graft Failure group (20% vs. 11%; P=1.0). The mean (±SD) graft survival time in
the graft failure group was 11±10 months and the mean duration of follow-up in the group
without graft failure was 56±21 months, as of February 1, 2013.

The clinical characteristics and kidney graft biopsy findings of the study cohort are
summarized in Table 2. Serum creatinine, measured at the time of biopsy diagnosis BKV,
was significantly higher in the graft failure group. BKVN in renal allograft biopsies were
classified using the Banff 2009 Meeting working proposal (14, 15) and BKVN stage A was
more frequent in the group without graft failure and stages B and C in the graft failure
group. All patients were managed with a decrease in their immunosuppressive therapy and
the clinical management was not significantly different (P>0.05) between the two groups
(Table 2).

Urinary Cell mRNA Levels in BKVN Patients
Figure 1, box and whisker plots, shows the levels of mRNAs in urine collected at the time of
biopsy diagnosis of BKVN. The log-transformed mean (±SD) ratio of plasminogen activator
inhibitor-1 (PAI-1) mRNA copies to 18S-rRNA copies in urinary cells was higher in urine
from BKVN patients with graft failure compared to patients without graft failure (Fig. 1A,
8.1±0.9 vs. 6.3±1.3; P=0.001, Mann Whitney U test). Levels of mRNA for vimentin (Fig.
1B, 11±0.8 vs.10±1.2; P=0.003), tissue inhibitor of metalloproteinase-1 (TIMP-1) (Fig. 1C,
12±1.3 vs. 11±1.4; P=0.007), fibronectin (Fig. 1D, 8.8±1.3 vs. 7.3±1.5; P=0.008), granzyme
B (Fig. 1E, 7.6±1.1 vs. 6.1±2; P=0.02), CD25 (P=0.02, not shown in Fig. 1) and perforin
(Fig 1F, 6.9±1.4 vs. 5.4±2; P=0.04) were also higher in those with graft failure compared to
those without graft failure. In contrast, urinary cell levels of BKV VP1 mRNA (Fig. 1G,
22±2.9 vs. 22±1.7; P=0.77) and 18S rRNA (Fig. 1H, 8.2±1.2 vs. 8.9±1.1; P=0.1) were not
significantly different between the two groups. Also, urinary cell levels of mRNA for
CD103, E-cadherin, fibroblast growth factor-2, hepatocyte growth factor, cytotoxic T
lymphocyte associated antigen-4, transforming growth factor-beta1, fibroblast specific
protein1, collagen 1A1, alpha-smooth muscle actin, sodium-potassium chloride
cotransporter-2, Forkhead box transciption factor -3, bone morphogenic protein-7, or uterine
sensitization associated antigen-1 were not different between the graft failure group and no
graft failure group (Supplemental Digital Content [SDC], Figure S1).

Plasma BK virus DNA copy numbers were measured in 26 of 29 BKVN patients at the time
of BKVN diagnosis and the copy number was not different between the graft failure group
and no graft failure group (Table 2). Also, there was no significant association between
plasma BKV copy number and urinary cell BKV-VP1 mRNA copy number or the copy
numbers of any of the mRNAs measured in urinary cells. (SDC, Table S1).

Development of Models Prognostic of Graft Failure in BKVN Patients
We used logistic regression to select variables prognostic of future graft outcome in the
patients with BKVN. Levels of mRNA for PAI-1 (P=0.006), vimentin (P=0.02), TIMP-1
(P=0.02), fibronectin (P=0.02) and BKVN stage (P=0.03) were strongly associated (P<0.05)
with graft failure by bivariate logistic regression, and the levels of granzyme B (P=0.05),
perforin (P=0.06), E-cadherin (P=0.07) and serum creatinine level (P=0.08) were modestly
associated (P=0.05 to P<0.1) (SDC, Table S2). SDC Table S3 shows the bivariate
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relationship between all the variables studied and the decline in kidney graft function during
the three-year follow up.

We constructed multivariable models incorporating the variables found associated (P<0.1)
with graft failure by bivariate logistic regression. Prior to inclusion of mRNAs in the
multivariable model, we examined whether the mRNAs were associated with each other to
avoid co-linearity. Spearman’s rank-order correlation analysis showed that the mRNAs are
highly related with each other (SDC, Table S4). We therefore added only one mRNA
measure to each multivariable model that included the clinical parameters, serum creatinine
level and the biopsy stage, and examined the model’s prognostic accuracy. Among the 7
models created with the addition of different mRNAs to serum creatinine and biopsy stage,
the combination of creatinine, biopsy stage and PAI-1 mRNA was the best predictor (SDC
Table S5) and this model was selected for additional analysis.

The odds ratio and the P value for each variable included in this best fitting model are
provided in Table 3A and demonstrate that urinary cell level of PAI-1 mRNA is an
independent predictor of graft failure (P=0.03) and that neither serum creatinine level
(P=0.33) nor BKVN biopsy stage (P=0.22) is significantly associated with graft failure in
this model.

Because our goal was to develop a noninvasive prediction model, we investigated whether
graft failure can be prognosticated accurately without the inclusion of the biopsy
information in our model. This analysis showed that a model comprised of levels of serum
creatinine and urinary cell PAI-1 mRNA and without the biopsy result is also a strong
predictor of graft outcome (pseudo-R2: 0.37, P=0.001, Table 3B). PAI-mRNA level was
again an independent predictor of graft failure (P=0.01) and serum creatinine level (P=0.23)
was not.

ROC Curve Analysis of Composite Scores
The composite score for the combination of serum creatinine, biopsy stage and
PAI-1mRNA, calculated using the equation: −10.59 + 1.01Ln(PAI-1/18S) + 0.59(serum
creatinine mg/dL) + 1.65[biopsy BKVN stage B/C(1) or A(0)]) (Table 3A) was examined
for prognostic accuracy. Analysis involving ROC curve showed that at a cutoff value of
−0.724, the composite score predicted graft failure with a sensitivity of 100.0% and a
specificity of 89.5% and the AUC was 0.92 (95% CI: 0.80–1.0, P<0.001) (Fig. 2A).

The composite score for the combination of levels of serum creatinine level and urinary cell
PAI-1 mRNA, calculated using the equation: −10.61 + 1.14Ln(PAI-1/18S) + 0.72(serum
creatinine mg/dL) (Table 3B) was also examined for prognostic accuracy. Analysis
involving ROC curve showed that at a cutoff value of −0.858, the composite score predicted
graft failure with a sensitivity of 100.0% and a specificity of 89.5% and the AUC was 0.92
(95% CI: 0.80–1.0, P<0.001) (Fig. 2B).

A comparison of the AUCs showed that the AUC for the prediction model that included
biopsy stage is not significantly different from the AUC of the model that did not include
biopsy (P=0.33, DeLong test).

DISCUSSION
Our goal was to develop noninvasively measurable biomolecular markers prognostic of
kidney allograft failure in patients whose for-cause biopsies displayed BKVN. Currently,
prognostication of kidney graft outcome following BKVN diagnosis relies primarily on
renal allograft biopsy features. The biopsy procedure has become safer over the years and
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the reporting of results more standardized; however the invasive procedure can be associated
with significant morbidity and adverse outcomes including graft loss. Our investigation
demonstrates that a combination of levels of serum creatinine and urinary cell PAI-mRNA
foretells graft failure in patients with BKVN with a high degree of accuracy, and that this
novel prognostic model comprised of noninvasively ascertained parameters is as accurate as
the prediction model that includes results from the invasive biopsy procedure.

Functional attributes such as GFR and serum creatinine level have been associated with
kidney graft outcome in a number of clinical settings including in patients with BKVN ((3,
8)). In the current investigation, serum creatinine level was significantly higher in BKVN
cohort at risk for graft failure compared to the no graft failure group, and was marginally
associated with graft failure by bivariate logistic regression. Our multivariable model
however showed that serum creatinine is not an independent predictor of graft failure in the
prediction model that included urinary cell PAI-1 mRNA level. The lack of significant
association between serum creatinine level and graft outcome may be due to the small
number patients and outcomes (graft failure) studied and/or due to serum creatinine level
being a functional parameter rather than a mechanistic contributor to graft failure.

Drachenberg and colleagues reported histological parameters of BKVN as predictors of
allograft failure (3). BKVN patients with biopsies with minimal fibrosis, classified as Stage
A, had good renal allograft outcome whereas patients with biopsies with advanced fibrosis
had inferior outcome. Wadei and colleagues have reported that the degree of intragraft
interstitial fibrosis is associated with kidney graft dysfunction in BKVN patients (9). In our
study, the scores for histological hallmarks of fibrosis - tubular atrophy and interstitial
fibrosis -were higher in the graft failure group compared to the group without graft failure
but these numerical differences were not statistically significant. Our findings that urinary
cell levels of mRNAs encoding proteins implicated in fibrosis are significantly higher in
patients with graft failure compared to those without graft failure suggest the hypothesis that
molecular parameters are more sensitive compared to histological features in predicting
outcome.

BKVN has recently been classified as stage A, B or C with stage A differing from B
primarily by the degree viral induced epithelial cell lysis and stage C differing from A and B
by the degree of chronic tubulointerstitial injury. In this study, BKVN stage A was more
frequent in those without graft failure compared to those with graft failure and stage B was
more frequent in the graft failure group (Table 2). However, and as observed with serum
creatinine level, biopsy stage was not an independent predictor of graft failure in the
multivariable analysis.

Masutani et al. reported that that the presence of inflammation in renal allograft biopsies of
BKVN patients is associated with higher serum creatinine level (2). In our study,
inflammation, as quantified using the scores for cytopathic changes, tubulitis and infiltration
were numerically higher in the graft failure group compared to the group without graft
failure but the differences were not statistically significant. Our previous publications (8, 16)
and our current observation that urinary cell levels of mRNAs encoding cytotoxic attack
molecules perforin and granzyme B are higher in patients with graft failure compared to
those without graft failure (Fig. 1) suggest the hypothesis that molecular parameters of
inflammation are of value in predicting critical outcomes such as graft failure.

The central finding from this investigation is that urinary cell level of PAI-1 mRNA level,
measured at the time of (for-cause) biopsy diagnosis of BKVN, is an independent predictor
of graft failure. In addition to PAI-1 mRNA, we also found that urinary cell levels of mRNA
for TIMP-1, fibronectin, vimentin, perforin and granzyme B are all associated with graft
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failure. These additional mRNAs however were not significantly associated with graft
failure in a stepwise backward elimination process once PAI-1 mRNA entered the
multivariable logistic model.

A biologically significant question is whether the urinary cell mRNA expression pattern
elucidated in this study is a BKVN-specific profile or could be observed with other
diagnosis. Our earlier demonstration that the levels of mRNA for perforin and granzyme B
are both higher in urine from patients with acute rejection compared to patients with normal
biopsy results (10) and that the levels of mRNA for PAI-1, TIMP-1, fibronectin, and
vimentin are all higher in urine from patients with tubulointerstitial fibrosis in the kidney
allograft unrelated to BKVN (12) suggests that the mRNA expression pattern characterized
in this study reflects intragraft inflammation and repair rather than a specific response to the
BK virus. We suggest that our strategy of simultaneously profiling urinary cells for BKV
VP-1 mRNA as well as mRNAs encoding proteins implicated in inflammation and fibrosis
should help resolve whether the mRNA expression pattern is related to BKVN or due to
causes unrelated to BKVN.

An additional issue is whether the urinary cell mRNA profile prognostic of BKVN is also
prognostic of outcome following an episode of acute rejection. In a small study comprised of
14 kidney graft recipients with acute rejection, we observed that urinary cell level of PAI-1
mRNA, measured at the time of biopsy diagnosis of acute rejection, is associated with graft
loss by logistic regression (odds ratio: 6.7, P=0.02). Despite this encouraging result, since
acute rejection is treated with an increase in immunosuppressive therapy and BKVN by a
decrease, the prediction models developed in this investigation may not function similarly
across diagnoses.

How may a transplant clinician apply the results of this study to an individual patient? The
box and whisker plots illustrated in Figure 1, while demonstrating that the urinary cell levels
of mRNAs distinguish the graft failure group from the group without graft failure, are not
helpful in prognosticating graft outcome in an individual patient. The composite score for
the combination of levels of serum creatinine and urinary cell PAI-1 mRNA, on the other
hand, may be helpful in prognosticating outcome in a single patient. For example, a patient
with a composite score of less than −0.8585 for the combination of serum creatinine and
urinary cell PAI-mRNA is unlikely to experience graft failure in the 3 years following
diagnosis of BKVN. That said the prediction model developed in the current study must be
interpreted with caution in view of the relatively small number of BKVN patients studied
and because our prediction models have not been validated using an independent group of
BKVN patients.

From a mechanistic perspective, our finding that PAI-1 mRNA level is an independent
predictor of graft failure following BKVN diagnosis suggests that this molecule plays an
important role in the dysregulation of extracellular matrix deposition in individuals with
BKVN. Fibrosis of renal allografts is associated with persistent fibrin deposition which
results from an imbalance between factors that promote fibrin deposition and factors that
promote fibrin degradation such as plasmin (17). The activity of plasmin is controlled both
by plasminogen activators and by plasminogen activator inhibitors such as PAI-1. Inhibition
of plasmin by PAI-1 has been implicated in an increase in extracellular matrix accumulation
in animal models (18). In fact, renal allograft biopsies with chronic allograft nephropathy
demonstrate increased expression of PAI-1 within the allograft compared to those with
normal allograft histology (19) ((20). Increased levels of PAI-1 mRNA have also been
associated with inflammation. Microdissected glomeruli from acute rejection biopsies show
increased expression of PAI-1 mRNA compared to no rejection biopsies; the investigators
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also noted that within the study cohort, PAI-1 mRNA levels in the initial biopsy (rejecting or
non-rejecting) correlated with long-term renal allograft dysfunction (21).

In sum, the transplant clinician currently utilizes clinical parameters such as serum
creatinine level as a predictor of graft outcome and complements the functional information
with biopsy results to improve prediction. Our findings that the composite score of a
combination of levels of serum creatinine and urinary cell PAI-1 mRNA predicts graft
outcome as accurately as the score from a combination of levels of serum creatinine and
urinary cell PAI-1 and biopsy stage are important not only from the perspective of
developing noninvasive prognostic biomarkers of BKVN but also for reducing the need for
the invasive biopsy procedure and associated morbidity. Also, biomarkers such as PAI-1
mRNA have the potential to suggest mechanistic basis for disease progression and inform
the design of targeted therapies.

METHODS
Study Cohort and Design

Between January 1999 and December 2008, 38 of 1450 patients who received their kidney
transplants at our center were diagnosed as having BKVN. Inclusion criteria for the current
study were (1) presence of a positive SV40 immunostaining on allograft biopsy (N=38), (2)
enrollment in the IRB approved protocol entitled “Use of PCR to Evaluate Renal Allograft
Status”(N=37), (3) availability of cDNA from urine specimens that were collected at the
time of biopsy (N=31). Exclusion criteria were (1) inadequate yield of urinary cell mRNA,
defined as 18S rRNA copies less than 5×108 copies/microgram of total RNA and (2) less
than three years of follow-up following biopsy diagnosis of BKVN in those without graft
failure (N=29). The institutional review board at Weill Cornell Medical College approved
the study, and each patient gave written informed consent.

Renal Allograft Biopsy Evaluation
Percutaneous core needle biopsies of renal allografts were classified by a single renal
pathologist (S.V.S) blinded to the results of urinary cell mRNA levels. Biopsy specimens
were processed, stained and evaluated using standard procedures described previously (8).
The mean (±SD) number of glomeruli in the biopsy specimens was 9±4.9 and the renal
allograft biopsy specimens were classified using the Banff 1997 criteria for active and
chronic tubulointerstitial parameters (22). BKVN staging (A, B, C) was based on the criteria
developed by Banff 2009 working group (14).

Pre-amplification Enhanced Real -Time Quantitative PCR Assay for the Measurement of
mRNA Levels

Urine, collected at the time of biopsy diagnosis of BKVN, were centrifuged and total RNA
was extracted from the urine cell pellet using RNeasy Minikit® (Qiagen), and reverse
transcribed to cDNA as described (7, 10). BKV VP1 mRNA copy number was quantified
using a standard curve method (7). We utilized pre-amplification enhanced real-time
quantitative PCR assays (11) to measure levels of mRNAs. The sequence and location of the
gene specific primers and TaqMan® probes used in the PCR assays are shown in SDC Table
S6. Natural log transformed ratio of mRNA copy number to 18S rRNA (reference gene)
copy number was used in data analysis. For gene transcript level of zero value, the zero was
substituted with half of the lowest ratio (mRNA/18S rRNA) obtained for that mRNA within
the entire study cohort, irrespective of graft outcome.
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Renal Allograft Function and Patient Survival
Graft failure was defined as the need to initiate dialysis therapy. Ten renal allograft
recipients experienced graft failures at median of 9 months (mean±SD: 13±13) following
BKVN diagnosis and 19 patients did not experience graft failure for a minimum of 36
months following biopsy diagnosis of BKVN.

Statistical Analysis
The prognostic value of clinical variables and urinary cell gene expression profiles were
analyzed using the statistical software packages, STATA version 12 and GraphPad Prism
version 4.0. Categorical variables were compared using Fisher’s exact test, and continuous
variables were compared using the Mann Whitney U test. The prognostic value of each
mRNA levels for graft failure was summarized in terms of the odds ratio and 95%
confidence interval using bivariate logistic regression models. All mRNAs associated at
P<0.10 in the bivariate analysis were entered into separate multivariable logistic regression
models with clinical variables to identify independent predictors of graft failure. Based on
the logistic regression equation, a composite BKVN score was derived using the
combination of PAI-1 mRNA level and serum creatinine level and with and without biopsy
stage. The composite score was used to compute the AUC for prediction of graft failure by
ROC curve analysis (23). All p-values are two-sided with statistical significance evaluated at
the 0.05 alpha level.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Urinary Cell mRNA Levels in BKVN Patients with or without Graft Failure
Box and whisker plots show the 10th, 25th, 50th (median), 75th and 90th percentile values of
the log-transformed ratios of mRNA copies to 18S rRNA copies for PAI-1, vimentin,
TIMP-1, fibronectin, granzyme B, perforin, and BKV VP1 in urine collected at the time of
biopsy diagnosis BKVN from 10 kidney graft recipients who experienced graft failure
(Graft Failure) and 19 recipients who did not experience graft failure (No Graft Failure)
during the three years following BKVN diagnosis. Levels of mRNA for PAI-1, vimentin,
TIMP-1, fibronectin, granzyme B, perforin but not the levels of BKV VP1 mRNA and 18S
rRNA were higher in the patients with graft failure. Two-tailed P values are based on the
Mann Whitney U test.
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Figure 2. ROC Curve Analysis of the Composite Score
Logistic regression was used to derive the composite score for the combination of biopsy
stage, serum creatinine level and urinary cell level of 18S rRNA normalized PAI-mRNA.
The fraction of true positive results (sensitivity) and false positive results (1-specificity) for
the score of this combination are shown in Panel A. At a cutoff value of −0.724, the score
predicted graft failure with a sensitivity of 100.0% and a specificity of 89.5% and the AUC
was 0.92 (95% CI: 0.80–1.0, P<0.001. In Panel B, ROC curve analysis of the composite
score of the combination of serum creatinine levels and 18S rRNA normalized PAI-1
mRNA level is shown. At a cutoff value of −0.858, the score predicted graft failure with a
sensitivity of 100.0% and a specificity of 89.5% and the AUC was 0.92 (95% CI: 0.80–1.0,
P<0.001).
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Table 2

Clinical Characteristics and Renal Allograft Biopsy Findings in BKVN Patients.

Baseline parameters Graft Failure (N=10) No Graft Failure (N=19) P Valuea

Age (mean ± SD) 46±19 55±14 0.19

Gender, n (% female) 1 (10%) 6 (32%) 0.20

Ethnicity (White/AA /other) 7/2/1 9/7/3 0.5

Deceased donor grafts, n (%) 7 (70%) 11 (58%) 0.5

ATG induction, n (%) 8 (80%) 15 (79%) 0.95

Tacrolimus/MMF maintenance 10 (100%) 19 (100%) 1.0

Steroid maintenance, n (%) 7 (70%) 8 (42%) 0.15

Acute Rejection therapy, n (%) 3 (30%) 1 (5%) 0.07

Months from transplantation to biopsy (mean ± SD) 16±12 16± 12 0.91

Creatinine (mg/dL) at time of BKVN diagnosis (mean ± SD) 2.9±1.3 2.1±0.7 0.02

Plasma BKV DNA (copies/ml) (mean ± SD) 2.1×106 ± 2.9×106 1.2×106 ± 2.7×106 0.34

Renal Allograft Biopsy Result

BKVN Stageb A - 1 (10%) A - 11 (58%)

B - 7 (70%) B - 7 (37%)

C - 2 (20%) C - 1 (5%) 0.02

Histologic Scoresc (mean ± SD)

Cytopathic score 1.9±0.7 1.7±0.7 0.43

Tubulitis score 1.3±1.1 1.1±0.9 0.48

Infiltrate score 1.4±1.0 1.2±0.9 0.44

Tubular atrophy score 1.4±0.8 0.8±0.8 0.07

Interstitial fibrosis score 1.1±0.7 0.8±0.9 0.24

Management of BKVN, n (%)

Discontinuation of MMF and Reduction of Tacrolimus 10 (100%) 19 (100%) 1.0

Prednisone Maintenance 8 (80%) 9 (47%) 0.12

IVIG therapy 8 (80%) 17 (89%) 0.48

Leflunomide therapy 9 (90%) 16 (84%) 0.67

Acute Rejection Post BKVN 1 (10%) 1 (5%) 1.0

a
Continuous variables were compared using Mann Whitney U test. Categorical variables were compared using Chi-square test or Fisher’s exact

test;

b
BKVN stages are based on the Banff 2009 Meeting Working Proposal for Polyomavirus Nephropathy (14); The proportion of BKVN stage A vs.

stages and B and C in those with graft failure were compared to those without graft failure using Fisher’s exact test.

c
Histologic scores were assigned using the Banff ‘97 Meeting Report (22)
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Table 3

Multivariable Logistic Regression Models Predicting Graft Failure

A. Three variable model for predicting graft failure in BKVN patientsa.

Variable Coefficient Odds Ratio (95% Confidence Intervals) P Value

Constant −10.59

Urinary cell PAI-1 mRNA 1.01 2.8 (1.12 – 6.78) 0.03

Serum Creatinine 0.59 1.8 (0.55 – 6.02) 0.33

Biopsy B/C 1.65 5.2 (0.38 – 70.38) 0.22

Model pseudo-R2 valueb: 0.4142, P=0.0015.

Composite Score Equation: −10.59 + 1.01Ln(PAI-1/18S) + 0.59(serum creatinine mg/dL) + 1.65(biopsy BKVN stage B/C[1] or A[0]).

B. Two variable model for predicting graft failure in BKVN patientsc.

Variable Coefficient Odds Ratio (95% Confidence Interval) P value

Constant −10.61

Urinary cell PAI-1 mRNA 1.14 3.1 (1.28 – 7.54) 0.01

Serum Creatinine 0.72 2.1 (0.63 – 6.77) 0.23

Model pseudo-R2 valueb: 0.3682, P=0.001.

Composite Score Equation: −10.61 + 1.14Ln(PAI-1/18S) + 0.72(serum creatinine mg/dL).

a
Multivariable logistic regression models were constructed including variables associated (P<0.1) with graft failure by bivariate analysis (SDC

Table S2). Since Spearman’s rank-order correlation analysis showed that the mRNAs are highly related with each other (SDC, Table S4), only one
mRNA measure was added to each logistic model that included serum creatinine level and BKVN biopsy stage. Among the 7 models created with
the addition of different mRNAs to serum creatinine and biopsy stage (SDC Table S5), the combination of creatinine, biopsy stage and
PAI-1mRNA was the best predictor. The coefficient, odds ratio and the P value for each variable included in this optimum model are provided in
Table 3A.

b
R2 value indicates the percent of variation in the dependent variable (graft failure) that can be explained by the predictor variables (e.g., PAI-

mRNA level) in the model. It ranges from 0 to 1.0 with a value of 1.0 indicating the perfect predictor. The equivalent terminology for the term R2

used in the linear regression model is pseudo-R2 in the logistic regression model;

c
Table 3B shows the coefficient, odd ratios and P values for the noninvasive prediction model comprised of serum creatinine level and urinary cell

PAI-1 mRNA level and without the biopsy results. None of the other mRNAs included in the prediction models shown in SDC Table S5 was an
independent predictor (P<0.05) in the multivariable logistic regression analysis.
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