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Abstract

Nephropathy due to BK virus infection is an evolving challenge in patients undergoing
hematopoietic stem cell transplantation. We hypothesized that BKV infection was a marker of
Kidney Function Decline and a poor prognostic factor in HSCT recipients who experience this
complication.

In this retrospective study, we analyzed all patients who underwent their first allogeneic
hematopoietic stem cell transplantation at our institution between 2004 and 2012. We evaluated
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the incidence of persistent kidney function decline, which was defined as a confirmed reduction in
estimated glomerular filtration rate of at least 25% from baseline using the CKD-EPI equation.
Cox proportional hazard regression was used to model the cause-specific hazard of kidney
function decline and Fine and Gray’s method was used to account for the competing risks of
death.

Among 2477 recipients of a first allogeneic hematopoietic stem cell transplantation, BK viruria
was detected in 25% (n=629) and kidney function decline in 944 (38.1%). On multivariate
analysis, after adjusting for age, sex, acute graft-versus-host disease, chronic graft versus host
disease, preparative conditioning regimen, and graft source, BK viruria remained a significant risk
factor for kidney function decline (P <0.001). In addition, patients with BKV infection and kidney
function decline experienced worse overall survival.

Post-allogeneic hematopoietic stem cell transplantation, BKV infection was strongly and
independently associated with subsequent kidney function decline and worse patient survival after
HSCT.

Introduction

In the 1980s, BK virus (BKV), a hon-enveloped virion that is a member of the Polyomavirus
family, emerged as an important pathogen in hematopoietic stem cell transplant (HSCT)
recipients following introduction of increasingly potent immunosuppressive drugs (e.g.
cyclosporine and antithymocyte globulin)(1, 2). BKV replication is cytopathic and the
release of its viral and cellular constituents elicits a non-specific inflammatory reaction,
which induces specific humoral and cellular immune responses (3). In SCT population, the
proposed mechanism of hemorrhagic cystitis (HC) secondary to BK infection involves
interaction between BKYV replication and host immune responses (4). HC is induced by
immune reconstitution with the initial urothelial damage secondary to conditioning regimen
and radiation, allows a permissive environment for BKV replication (5). However, a
cytopathic phenomenon post SCT is proposed where BKV viruria would progress to viremia
with further renal dysfunction and biopsy proven BKV nephropathy (6). In the absence of
sufficient T-cell immunity, BKV reactivation can lead to prolonged hospital stays and
increased mortality secondary to late hemorrhagic cystitis and ureteral stenosis(7). The risk
factors for BKV reactivation following HSCT include haploidentical or cord blood
transplantation(1), acute graft versus host disease (GVHD)(8), and cytomegalovirus (CMV)
co-infection(9).

A systematic review and meta-analysis of published literature found that approximately
16.6% of HSCT patients developed chronic Kidney disease (CKD), although its definition
varied greatly among different reports(10). However, most studies included a limited number
of patients (the second largest had 301 patients) and the largest study covered an older time
period, ranging from 1991 to 2002. Some of the factors reported to be associated with KFD
were age, acute and chronic GVHD, the use of total body irradiation and nephrotoxic
therapies such as calcineurin inhibitors (e.g. tacrolimus) and antimicrobials(10, 11).
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We conducted the present study to determine the incidence of clinical BKV infection and its
association with subsequent KFD and patient survival in a large and contemporary cohort of
patients undergoing HSCT.

Materials and methods

Study design and patient population

BKYV testing

This retrospective study was approved by the institutional review board at the University of
Texas MD Anderson Cancer Center in accordance with the principles of the declaration of
Helsinki, protocol number RCR05-0495. Patients were identified by querying the MD
Anderson bone marrow and transplant website (BMTWeb) database for subjects who
underwent HSCT between January 2004 and December 2012. The procedures followed were
in accordance with the ethical standards of the responsible committee on human
experimentation (institutional and national) and with the Helsinki Declaration of 1975, as
revised in 2008. To be considered for transplant at our institution, patients had to have a
baseline creatinine level less than 1.4 mg/dL before the start of conditioning chemotherapy.
Patients with graft failure after HSCT and those with a prior history of allogeneic HSCT
were excluded from the study. Prior autologous SCT recipients were included in the study
population.

At our institution, there is no routine screening for BKV; testing is performed almost
exclusively in patients with gross hematuria or urinary symptoms if no other etiologies were
found. BKV positivity is defined as the detection of any BKV in the urine by polymerase
chain reaction (PCR). BK virus quantitative PCR was performed through the Mayo Clinic
reference laboratories. The assay does not cross-react with JC or SV40 polyoma virus (12).
Not all patients with BK viruria were checked for viremia; therefore, serum BKV values
were not included in this study.

Data collection

Detailed demographic information (age, sex, race (Black, Hispanic, Asian and White)),
HSCT-related factors (e.g., donor type, stem cell source, conditioning regimen), and post-
transplantation events (e.g., acute and, chronic GVHD, relapse, death) were available from
the BMTWeb database. Immune panels, tacrolimus levels, and creatinine concentrations
were collected at the following time points after HSCT: 30, 60, 100, 180, 365, 750, 1095,
and 1825 days. The highest values of BK viruria for each patient were recorded. The time to
platelet engraftment was defined as the first of 7 consecutive days of an unsupported
(without platelet transfusion) platelet count of at least 50,000/microliter. The neutrophil
engraftment time was defined as the first day of three consecutive days where the neutrophil
count was 500 cells/microliter or greater.

The estimated glomerular filtration rate (eGFR) was calculated using the CKD-EPI equation
(13). Patients with tacrolimus levels above 10 ng/ml at any time point during the study
period were included in the analysis as elevated.
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Overall survival was calculated from the day of stem cell infusion to the day of death. For
each post-baseline eGFR, the relative difference (in %) to the pre-HSCT value was
determined. Time to first clinically meaningful kidney function decline (KFD; TTKFD) was
defined as the time between HSCT and the first drop in eGFR by at least 25%, which had to
be persistent, i.e. no evidence of subsequent improvement in eGFR for up to five years post-
transplant. For events that had not occurred by the time of data analysis, times were censored
at the last contact at which the patient was known not to be diagnosed with KFD for TTKFD
or the last time at which the patient was known to be alive. Chronic kidney disease stage 3 or
higher was classified in the population based on KDOQI classification using eGFR <60
mL/min per 1.73m2(14).

Statistical analysis

Time to KFD and survival were estimated using the actuarial Kaplan-Meier method(15) and
log-rank tests(16) were performed to test differences in survival among the different groups.
We used Cox proportional hazards regression(17) models to estimate unadjusted and
adjusted cause-specific hazards ratios (HR) and the corresponding 95% confidence intervals
(CI) of risk factors. We first included an initial set of candidate variables with a univariate p-
value < 0.1. Backward stepwise elimination (BSE) was then performed, using p<0.05 for the
significance level in order for a variable to remain in the model. Once the list of variables to
be used in our final model was determined, the functional form of each variable and multi
co-linearity among the variables were examined. Age at transplant, sex, race, tumor
diagnosis, disease status (at time of HSCT), preparative conditioning regimen, degree of
HLA mismatch and source of graft were included in the analyses as baseline covariates.
BKYV infection, acute and/or chronic GVHD, tacrolimus level >10ng/ml at any of the study
time points, donor chimerism, absolute lymphocyte count (ALC) and absolute neutrophil
count (ANC) as well as other viral infections were included in the analyses as time-
dependent covariates. Presence of BKV and BK viral load were highly correlated and
therefore not included in the same models. A model of baseline covariates was built first.
Then the time-dependent covariates were included to obtain a final model using the BSE
method. Extended Kaplan-Meier method proposed by Snappin, Jiang and Iglewicz(18) was
used for graphical display of survival curves by cohorts defined by a time-varying covariate.
The P-values shown in figures 2A, 2C and 2D were obtained from corresponding univariate
Cox regression models with BK infection or KFD as a time-varying covariate. Since 738
(30%) patients died before they experienced the kidney function endpoint, we explored the
impact of potential informative censoring by conducting a competing risk analysis using sub
distribution hazard models with death as a competing risk using Fine and Gray’s method, i.e.
by applying decreasing weights to patients who died before they experienced KFD (16, 17).
For time-dependent covariates, the landmark competing risk analyses (19, 20) were
performed at the set landmark time points of 30, 60, 100, 180, and 365 days post-transplant.
Age at transplant, sex, race, underlying diagnosis, disease status at transplant, degree of
HLA mismatch, acute GVHD, chronic GVHD, donor chimerism, ALC, platelet >50K were
included as covariates in the multivariate model to assess of the association of BKV
infection with KFD as defined above. SAS version 9.2 and S-Plus version 8.04 were used to
carry out the computations for all analyses.
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Results

Characteristics of the study population

The study population comprised 2477 patients (Figure 1) who were followed for a median
1452 days (interquartile range, IQR: 804-2211 days). The median age at transplantation was
52.3 years, 57.4% were male, and 74.9% were Caucasian (Table 1). The mean kidney
function prior to HSCT corresponded to an eGFR of 98.8 (SD = 60.7) mL/min/1.73m2. The
main indications for HSCT included acute myeloid leukemia (AML) and myelodysplastic
syndrome (MDS) (44.7%).

Transplantation characteristics

The stem cell source for transplantation included peripheral blood apheresis (HPC-A) in
63.5%, bone marrow (HPC-BM) in 28.1%, cord blood (HPC-C) in 8.3%, and mixed bone
marrow/peripheral blood in 0.04%. The predominant graft source was matched related donor
(41%), followed by matched unrelated (40%), mismatched unrelated (13%), and
mismatched related (4%) donor; 9.7%. of patients had undergone at least one prior
autologous transplantation. Reduced intensity conditioning regimen (RIC) was used in
67.3%. At 30 days post-transplantation, 60% of patients achieved full donor chimerism and
38% had mixed chimerism (23 patients had missing data).

Acute GVHD grade I-1V was diagnosed in 1259 (50.9%) patients and 937 (37.8%)
experienced chronic GVHD (limited and extensive). The most common immunosuppressive
agent used for GVHD prophylaxis in our study population was tacrolimus (97%), which was
targeted at a trough level of 10 ng/dL for the first 6 months after transplant. In 1315 (53%)
patients, tacrolimus levels were elevated (above 10ng/ml) at least at one time point during
the study.

Incidence of BK Viruria and Kidney Function Decline

BKYV viruria was diagnosed in 629 (25%) patients with a median of 42 days from HSCT to
the diagnosis of viruria. The median urine BK viral load was 3.9 x 10 (range, 300 to 5 x
109) copies/mL. The one-year cumulative incidence rate of BK infection was 24%. We
identified 944 (38.1%) patients who experienced kidney function decline during follow up
with the median time from HSCT to this endpoint (KFD) being 101 days (IQR: 60-330
days). In 259 patients who were diagnosed with BKV infection first, and then developed
kidney function decline, their median time from HSCT to KFD endpoint was 162 days
(IQR: 60-360 days).

Factors associated with Kidney Function Decline

Univariate cause-specific Cox models showed that age (P<0.001), sex (P=0.02), and race
(P=0.02), and BK infection (P<0.001) were significantly associated with KFD, as were
several other factors (Table 2).

On multivariate analysis, the factors that were correlated with the development of KFD were
age, female sex, African American race, a diagnosis of ALL (reference, aplastic anemia),
myeloablative conditioning regimen, active disease at the time of transplantation, BKV
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infection (HR, 1.65; 95% CI, 1.42-1.91) or high BKV load (HR, 1.06; 95% ClI, 1.04-1.09
for every 10-fold increase), full donor chimerism, acute and chronic GVHD. A high ALC
(every two-fold increase) and a platelet count of 50,000 and higher were associated with a
lower risk of developing KFD (P<0.0001) (Table 2, S1a, S1b & figure 2a). The associations
of BKV infection on KFD in the univariate and multivariate cox proportional sub-
distribution hazards models, while quantitatively different, were in qualitative agreement
with those in the cause-specific hazard models (Table 3, & figure 2b).

We performed a sensitivity analysis with only those patients who were tested for BK
infection. The BK infected patients continued to be associated with a higher risk of having
KFD (HR1.754, 95% ClI, 1.42-2.18). In addition, in the landmark competing risk analysis of
the only tested population, patients who were BK infected (BK test positive) had a larger
hazard of having KFD than those who were not BK infected (BK test negative). However,
the effects of BK infection became statistically insignificant 60 days post-transplant due to
insufficient statistical power with a small the sample sizes (S2a,b,&c).

Overall survival was 47.2% with nine hundred patients (36.3%) experiencing disease
progression. The causes of death included disease progression in 712 (53%), GVHD in 243
(18%), infection in 182 (13%), multiorgan failure in 60 (4%), and other causes in 112 (8%).
On univariate analysis, several characteristics were associated with survival as summarized
in Table 4. On multivariate analysis, age, all hematologic malignancies (reference, aplastic
anemia), myeloablative or RIC (reference non-myeloablative (NMA)), and cord blood
transplantation were independently associated with worse overall survival (Table 4 &
S3a&b). Most importantly, KFD (HR 4.26; 95% Cl, 3.69-4.91), BKV infection (HR, 1.27;
95% Cl, 1.11-1.44), or a high BK viral load (for every 10-fold increase, HR, 1.03; 95% ClI,
1.02-1.05) were all associated with worse overall survival (Figure 2c&d). In contrast, a
platelet count of >50,000 (HR=0.47; 95% CI: 0.40-0.54) and an increase in ALC by a factor
of two (HR=0.62; 95% ClI: 0.60-0.65) were associated with better overall survival.

Discussion

The 2012 guidelines for screening and preventive practices for autologous and allogeneic
HSCT were not derived from randomized or controlled trials but from retrospective, mostly
smaller, studies(21). As a result, KFD and its risk factors in long-term survivors of HSCT
are under-recognized. Our study of 2477 consecutive allogenic HSCT patients with a median
follow-up time of more than 4.0 years shows the association of BKV infection with
progression to KFD (P<0.001) and decreased overall survival (P<0.001) when compared to
patients without BK infection. In addition, we evaluated several other candidate variables for
KFD, confirming previous findings and establishing new associations. In a systematic
review of CKD in HSCT recipients, the rate of CKD was reported to be 27.8%, and the
prevailing risk factors were female sex, advanced age, total body irradiation, prolonged use
of cyclosporine, acute renal failure, and acute and chronic GVHD(10). Our results confirm
that advanced age and female sex were independently correlated with KFD in HSCT
patients. Variables associated with more intensive therapy such as an underlying diagnosis of
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ALL, myeloablative conditioning regimen, cord blood transplantation, active disease status
at the time of transplantation, mismatched unrelated donor transplant, acute and chronic
GVHD, and lower ALC were also found to be associated with an increased risk of KFD.
GVHD results in the release of inflammatory cytokines, which in turn can lead to further
kidney injury or T cell-mediated organ damage(22-25). Interestingly, patients with mixed
donor chimerism were less likely to develop permanent decline in their kidney function
(P<0.001) (Table 2). A logical explanation for this observation is that this group of patients
is less likely to develop GVHD than those who achieve full donor chimerism and thus, is
less likely to be exposed to prolonged immunosuppressive therapy with the associated risks
of infections and exposure to nephrotoxins.

We evaluated the immune status of our allogenic transplantation population to determine
whether immune suppression played a role in the development of kidney function decline.
Lymphocytes (B cells, T cells, and natural killer cells) are major components of the body’s
humoral and cellular immunity. An elevated ALC was associated with lower rates of viral
infections on both univariate and multivariate analyses: for every two-fold increase in the
ALC, there was a significant reduction in the risk of progression to KFD (P=0.001). More
recently, platelets have been recognized as key players in the innate and adaptive immune
responses(26, 27). Therefore, low platelets count could contribute to poor immune recovery
in these patients. This notion is supported by our multivariate analysis, which showed that
patients with a platelet count of 50,000 or greater were less likely to experience progression
to kidney function decline (P<0.001), likely due to improved immune status and decreased
risk of infections including BKV.

The novelty of our study, is in our evaluation of BKV infection and viral load were both
associated with KFD and survival post-HSCT. On both univariate and multivariate analyses,
BKYV infection was associated with KFD (P<0.001). In the kidney transplantation
population, BKV infection has been established as a cause of allograft loss, renal
impairment and progress to KFD and CKD(28-30). However, in HSCT recipients, most
studies have only evaluated hemorrhagic cystitis in the setting of BKV infection,(31) with
very few studies evaluating its impact on CKD and long-term renal outcomes(6, 32). In our
study, the relationship between BKYV infection and development of KFD was further
confirmed by evaluation of the BKV load. For every 10 fold increase in the viral load we
found a significantly higher risk of progression to KFD (P<0.001). The patients that
developed KFD were further stratified into stages of CKD, with the majority (61%) having
eGFR <60 ml/min/1.73 m?, reflecting Stage 3 CKD (Table 5).

In our study, patients with KFD were four times more likely to die compared to those
without KFD (P<0.001). The association between BKV infection and BKV load with
inferior survival in our study is in keeping with a previous report in a much smaller group of
patients (31). The immune panel studies further solidified the relationship between impaired
cellular immunity and decreased overall survival in this population. For every two-fold
increase in ALC, there was an independent increase in survival (P<0.001). The obvious
complications associated with BKYV infection, such as BKV hemorrhagic cystitis (BKV-HC)
and stenosis, have been studied extensively; patients with BKV-HC have a median of 10
additional days of hospitalization, increasing the cost of their inpatient treatment by
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85%(31). Treatment options for BKV infection are limited and the majority of
recommendations are derived from the kidney transplant literature. Graft survival rates in
kidney transplant recipients with BK virus nephropathy range from 10% to 60% and the
only effective treatment for such patients is reduction in systemic immunosuppression (33—
35). In both the HSCT and kidney transplant populations leflunomide, fluoroquinolones, and
cidofovir have been tried for the treatment of BKV infection with conflicting results (36—
38). Although the effectiveness of cidofovir in kidney transplant patients have not been
validated by randomized prospective clinical trials; retrospective studies and small case
series have reported promising results(39-41). Currently at our institution, we are
conducting a phase Il randomized study of cidofovir versus best supportive care for BKV-
related hemorrhagic cystitis in HSCT recipients to evaluate its efficacy. Brincidofovir
(CMXO001), a lipid-conjugated version of cidofovir, shows no evidence of nephrotoxicity in
rodent models or human studies and has been gaining momentum in the treatment of BKV
with promising results in the HSCT population(42, 43)

Thus, with the lack of effective treatment to improve outcomes in this population, it is
imperative to develop novel strategies to address factors that affect survival early in the
transplantation course, such as GVHD, early immune reconstitution, use of less toxic
regimens, and early treatment of late complications such as KFD and BKYV infection.

A limitation of this retrospective study is that not all patients were tested for BKV (urine or
serum) routinely. It is possible some patients for BKV did indeed have BKYV infection,
which may have in turn contributed to KFD in this group. Due to the lack of routine testing
for most viral infections other than CMYV, we were not able to perform a complete analysis
of the contribution of other infections to KFD. CMV was evaluated in a multivariate analysis
and was strongly correlated with KFD, while BKV also remained significant in the same
model. In addition, we did not evaluate the impact of nephrotoxins other than tacrolimus
such as aminoglycosides, vancomycin, foscarnet or amphotericin B on KFD. Almost all
patients receive antibiotic and antifungal prophylaxis in this high-risk transplant population.
In addition, we were faced with the challenge of patients being prescribed antibiotics
elsewhere after transplantation, not all of which were captured in our electronic records. In
the setting of HC our internal guidelines recommend continuous bladder irrigation and no
specific antivirals. Another limitation of our study is that fewer than 10% of our population
underwent a kidney biopsy to help delineate the underlying cause of the renal dysfunction
and to determine whether BKV nephropathy was the cause of the renal dysfunction. This is
likely due to the complicated medical condition of many of these patients post SCT. At all-
time points studied GFR was estimated using the CKD EPI equation, which has been shown
to be a more accurate estimate at higher GFRs compared to other creatinine-based
estimation equations(13). However, it is possible that the GFR in some HSCT recipients was
overestimated as it does not take into account the muscle wasting and volume overload
commonly seen during the course of their therapy in such patients. Thus, the reported
incidence for clinically meaningful kidney function decline may be underestimated. We have
initiated a prospective study at our center that will overcome many of the limitations in this
manuscript.
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Conclusion

BKYV screening can identify at least 80%—-90% of kidney transplantation patients who are at
risk for BKV nephropathy and can thus prevent further renal dysfunction and graft loss(38).
Although nephropathy is rare in native kidneys, it has been reported to cause renal failure in
immunodeficient patients, solid organ transplantation patients (cardiac, lung, pancreas, liver,
and bone marrow), and auto- and allo-HSCT recipients (44). The tremendous costs
associated with HSCT transplantation before, during, and after the procedure are increased
by the associated complications. Focusing on BKV infections, including protocol screening,
will help us formulate better screening techniques, prevention protocols, and most
importantly, novel prophylactic and curative immunotherapeutic approaches in both HSCT
and renal transplantation recipients.
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A, 2C, 2D: Kaplan-Meier curves indicating progression to KFD, overall survival and BK
infection. 2B cumulative incidence of KFD. KFD: chronic kidney disease, OS: overall

survival.
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Table 1

Characteristics of first-time allogeneic stem cell transplant recipients, 2004-2012

Variable

| KFD - | KED + |

%

eGFR prior to HSCT, median (interquartile range), in mL/min/1.73m?2 | | |

Age, median (interquartile range), in yr

| 50 (0-76) | 54 (7-76) |

Sex
Female 627 429 40.6%
Male 906 515 36.2%
Race/Ethnicity
African-American 82 68 45.3%
Asian 49 30 37.9%
Hispanic 217 110 33.6%
White 1142 712 38.4%
Other 10 5 50.0%
Unknown 33 19 36.5%
Disease diagnosis
ALL 161 105 39.4%
AML/MDS 678 431 38.8%
CLL 164 100 37.8%
CML/MPD 114 58 33.7%
Hodgkin’s Lymphoma 62 34 35.4%
Non-Hodgkin’s Lymphoma 262 162 38.2%
Myeloma 37 30 44.8%
Aplastic anemia 40 10 20.0%
Other hematologic disorders 2 3 60.0%
Solid tumors 13 11 45.8%
Previous autologous HSCT
Yes 154 111 41.9%
No 1379 833 37.7%
Disease status at HSCT
Complete remission 630 338 34.9%
Partial remission 267 185 40.9%
Active disease 616 407 39.8%
Unknown 20 14 41.2%
Preparative regimen
Myeloablative 270 189 41.2%
Non-myeloablative 228 124 35.2%
Reduced intensity conditioning 1035 631 37.9%
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Variable | KFD - | KFD + | %
Graft source

Peripheral blood 997 578 36.7%

Bone marrow 418 279 40.0%

Cord blood 118 87 42.2%
Allotype

Matched related 691 345 33.3%

Matched unrelated 594 397 40.1%

Mismatched related 66 50 43.1%

Mismatched unrelated 182 152 45.4%
Acute GVHD (number of episodes)

None 734 525 41.7%

1-2 603 420 41.5%

3-4 131 105 44.5%
Chronic GVHD(number of episodes)

None 577 360 38.4%

Limited 290 166 36.4%

Extensive 395 263 39.6%
Tacrolimus level >10 ng/ml

Yes 792 523 39.8%

No 736 414 36.0%
Chimerisim

Donor 877 615 41.2%

Mixed 643 319 33.2%
BK Infection

Yes 324 305 48.5%

No 1209 639 34.6%
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Landmark competing risk analyses of the effects of BK viruria on kidney function decline

Table 3

Landmark time point post | Hazard 95% Confidence Interval P-Value
transplant Ratio
Lower Limit | Upper Limit

30 days 1.58 1.29 1.93 <0.001
60 days 1.37 1.13 1.66 0.001
100 days 1.41 1.14 1.75 0.002
180 days 1.56 1.22 1.99 <0.001
365 days 1.40 0.99 2.00 0.06
730 days 1.32 0.78 2.23 0.30
1095 days 2.04 0.89 4.68 0.09

Page 21

Note: Associations between BK infection and time-to-KFD with death as competing risk in landmark points adjusting for relevant covariates: age at
transplant, gender race, tumor diagnosis, disease status, HLA, acute GVHD, chronic GVHD, conditioning regimen, ALC, platelet count >50K.
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Table 5

Stages of CKD (At time of KFD) in population that developed a decrease in GFR 25% or more in comparison
to baseline (Time of Transplant). Kidney disease was stratified using the system advocated by the American
National Kidney Foundation Kidney Disease Outcomes Initiative3: stage 1, eGFR 90.0 ml/min per 1.73 m2;
stage 2, eGFR 60.0-89.9 ml/min per 1.73 m2; CKD3a — GFR 45 to 59 mL/min per 1.73 m2, CKD3b - GFR
30 to 44 mL/min per 1.73 m2; stage 4, eGFR 15.0-29.9 ml/min per 1.73 m2; and stage 5, eGFR <15.0

Stage Baseline KFD time
(n=2477) (n=944)
1 1534 (62%) | 29 (3%)
2 853 (34%) | 334 (35%)
3A 89 (4%) | 297 (31%)
3B 1 (0%) 195 (21%)
4 - 79 (8%)
5 - 10 (1%)
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