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Abstract
Background—Little is known about treatment outcomes for children who have end stage renal
disease (ESRD) after treatment for Wilms tumor (WT).

Methods—Time-to-transplant, graft failure and survival outcomes were examined for 173
children enrolled on the National Wilms Tumor Study who developed ESRD.

Results—Fifty-five patients whose ESRD resulted from progressive bilateral WT (PBWT)
experienced high early mortality from WT that limited their opportunity for transplant (47% at 5
years) and survival (44% at 10 years) in comparison with population controls. The 118 patients
whose ESRD was due to other causes (termed “chronic kidney disease”), many of whom had WT
associated congenital anomalies, had transplant (77% at 5 years) and survival (73% at 10 years)
outcomes no worse than those for population controls. Graft failure following transplant was
comparable for the 2 groups. Minority children had twice the median time to transplant as non-
Hispanic whites and twice the mortality rates, also reflecting population trends.

Conclusions—In view of the continuing high mortality in patients with ESRD, and the dramatic
improvement in outlook following kidney transplantation, re-evaluation of current guidelines for a
2 year delay in transplant following WT treatment may be warranted.
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Introduction
The past half century witnessed dramatic progress in the treatment and survival of children
with Wilms tumor (WT).(1;2) Since the late 1980’s, 5-year survival rates have remained
consistently above 90%, exceeding those for most other childhood cancers.(3) Attention is
now focused on medical conditions related to the disease and its treatment that may
adversely affect quality of life for the increasing number of survivors. End stage renal
disease (ESRD) is one of the most serious late sequelae due to the morbidity of treatment
and high mortality.

In view of the cardiovascular damage, impaired cognitive development and growth
retardation associated with long term dialysis, pediatric patients with ESRD have had high
priority for renal transplantation, particularly since 2005.(4;5) However, early reports
recommended delaying transplant for 1–2 years following WT treatment because of deaths
due to sepsis and tumor recurrences observed in patients undergoing transplant sooner.(6;7)
European best practice guidelines for renal transplantation recommended a 2 year waiting
period.(8) Since then options for prevention and treatment of acute graft rejection, and for
dealing with consequences of immunosuppression, have improved dramatically.(9;10) Re-
evaluation of the recommended waiting time may be warranted.

Kidney replacement therapy (dialysis or renal transplant) for children with ESRD has been
used for several decades and data on long term survival are available.(11;12) However, little
is known about WT patients and survivors treated for ESRD. While it is believed that
improvements in dialysis and transplantation offer the potential for marked improvement in
prognosis, such conclusions are based on relatively small numbers of patients.(7;13) The
largest study to date of renal transplantation in children with WT involved just 43
patients(14). The National Wilms Tumor Study (NWTS) clinical trials thus constitute an
exceptional resource for elucidation of these issues.

The goal of this study was to describe the characteristics and clinical course of NWTS
patients with ESRD. We considered separately ESRD that results from progressive bilateral
WT (PBWT) and ESRD ascribed to other causes, termed collectively chronic kidney disease
(CKD). Our earlier study noted that the risk of ESRD due to PBWT was largely confined to
the first 3 years following the onset of bilateral disease, whereas incidence rates of ESRD
due to CKD continued to increase for 20–25 years from WT diagnosis.(15) One focus of the
present study was to investigate the timing of transplant in relation to WT treatment, with a
view towards possible reconsideration of the recommended waiting times. Overall survival
and transplant outcomes in comparison with those for a general pediatric and young adult
population with ESRD, and comparisons of treatments and outcomes by ethnicity, were also
investigated.

Methods
Patient populations

The base population consisted of 9,162 subjects with a WT diagnosed before 15 years of age
who were enrolled from North American institutions on 1 of 5 NWTS clinical trials between
October, 1969 and April, 2002. Informed consent was obtained from the family prior to
enrollment by each participating institution. Approval for conduct of the study was given by
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the institutional review board of the Fred Hutchinson Cancer Research Center. The 173
patients known to have received kidney replacement therapy for ESRD by the closing date,
December 31, 2008, constituted the study population for this report. We did not consider
here 7 patients included in the risk factor study who died of ESRD before therapy was
instituted.(15)

For comparison of the NWTS experience with that of the general population, 2 disjoint
stratified random samples were drawn from the public use records of the United States
Renal Data System (USRDS).(16) The samples were frequency matched 20:1 to the ages at
onset of ESRD-PBWT and ESRD-CKD NWTS participants, respectively, in 5 year
categories of age. A few USRDS patients were excluded whose ESRD reportedly occurred
prior to 15 years of age as the result of a childhood renal neoplasm, since such patients could
have been enrolled by NWTS. USRDS subjects whose latest record indicated a transplant
prior to 2009 were considered to be alive at closing.

Types of ESRD
ESRD was categorized as due to PBWT if its onset, the initiation of chronic dialysis or renal
transplant, coincided with surgical removal of all kidney tissue as a consequence of
progressive bilateral WT. ESRD occurring in patients with unilateral WT, or in those with
bilateral WT who had been in complete remission for a least 1 year with no intervening
relapse, was categorized as due to CKD. One patient diagnosed with bilateral WT by biopsy
the day after dialysis was started for renal failure was also categorized as CKD. The most
frequent causes of CKD were the Denys-Drash (DDS) or Wilms tumor, aniridia,
genitourinary anomalies, retardation (WAGR) congenital malformation syndromes, focal
segmental glomerulosclerosis and radiation nephritis (Table 1).

Statistical methods
Patient survival and mortality rates in different subgroups were analyzed using standard
methods for time-to-event data subject to right censorship.(17–19) Relapse-free survival
times were calculated as the time from ESRD to subsequent relapse or progression of WT,
non-tumor death or loss-to-follow-up, whichever came first. For a few patients whose ESRD
onset was prior to WT diagnosis, survival times were left truncated.(20) Results of Cox
regression analyses were expressed as hazard ratios (HR), with 95% confidence intervals
(CI) and p-values based on score (logrank) or non-proportionality tests. To assess its effect
on mortality, transplantation was treated as a time-dependent covariate. (21) The cumulative
probability of receiving a renal transplant, accounting for the fact that some patients could
not because of prior death, was estimated using competing risks methods.(22) For patients
who received a renal transplant, time to graft failure was estimated as the time to subsequent
dialysis, second transplant or death, whichever came first. Graft failure rates were analyzed
in the same manner as for mortality. Frequency distributions were summarized by the
median and inter-quartile range (IQR). Two-way contingency tables were analyzed using
exact tests for heterogeneity and trend. All statistical analyses were conducted with the R
package. (23)

Results
Patient characteristics and treatments by type of ESRD

The 2 categories of ESRD were similar in gender and ethnicity but differed markedly
otherwise (Table 2). Patients whose ESRD was the result of PBWT had younger ages at
onset of ESRD (median 4 years, IQR 2–7, vs. 15, IQR 4–22, for CKD) and over 2/3 of their
deaths were due to progressive WT or its treatment. For CKD patients 19 deaths, or over
60% of the total, were ascribed to ESRD. Three of these 19 deaths occurred after transplant,
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16 while the patient was on dialysis, and they were accompanied primarily by
cardiovascular events or sepsis. Nearly half the CKD patients had a WT1 associated
congenital syndrome or anomaly -- DDS, WAGR, hypospadias or cryptorchidism -- vs. 15%
for PBWT. Six of 28 DDS patients with CKD were treated for ESRD before diagnosis of
WT, as was 1 patient on dialysis for hemolytic uremic syndrome at the time of WT
diagnosis. Patients with PBWT were more likely to have received peritoneal dialysis than
hemodialysis for their initial treatment, consistent with their younger ages at ESRD onset.
All 6 cases of anaplastic WT had developed ESRD due to PBWT. Among CKD patients 26
(22%) had bilateral disease at WT diagnosis vs. 37 (67%) among those with PBWT. Fifty
(91%) of the PBWT patients developed ESRD within 5 years of WT diagnosis. For CKD
only 37 (31%) developed ESRD within this period, 26 of whom had DDS, whereas 30
(25%) developed ESRD more than 20 years following WT.

Figure 1 charts the flow of patients through the various stages of treatment. The numbers in
parentheses at each stage represent those who remained there at the end of follow-up. The
rest moved on to subsequent stages. All 55 patients with PBWT started with dialysis and 2
continued on dialysis until their last follow-up. Twenty-five died before transplantation, at a
median of 0.6 years (IQR 0.3–0.8) since ESRD onset, and 28 received a transplant. By
summing the numbers in parentheses in each transplant (blue) box, one may calculate that
20 patients with PBWT had a functioning renal transplant at last follow-up whereas 33 died.
Eighteen of the 118 patients with CKD received a preemptive transplant and, at the time of
last follow-up or closing, 11 of these were still living with the original graft at a median of 7
years since transplant (IQR 2–10). Of 100 CKD patients who started on dialysis, 73 (73%)
survived long enough for a transplant and 44 of these were still living with the initial graft at
a median of 7 years (IQR 3–10). At last follow-up, 54 of the 100 had a functioning renal
transplant, 28 had died and 18 remained on dialysis. Among all 173 NWTS patients, 54
deaths occurred while on dialysis whereas only 9, all following the initial graft, occurred
during a period of transplantation.

Time to transplant from ESRD onset
Two DDS patients who received transplants before diagnosis of WT were excluded, leaving
117 who eventually received transplants and 54 who did not for analyses of time from
ESRD onset to transplant. Figure 2 graphs the cumulative proportion of patients who
received a transplant by time since ESRD onset for 4 comparison groups: the 2 NWTS
groups according to type of ESRD (CKD vs PBWT) and the 2 USRDS groups matched on
ages at onset of the corresponding NWTS group. The 18 NWTS CKD patients who received
preemptive transplants at onset of ESRD, and comparable fractions of the age-matched
USRDS patients, account for the jumps at time 0. By 5 years from onset of ESRD, 77% of
NWTS CKD but only 47% of NWTS PBWT patients were estimated to have received a
transplant. This difference was partially explained by the high early mortality among PBWT
patients, 46% of whom were estimated to have died without transplant by 5 years as
compared with 16% for NWTS CKD and 13–14% for USRDS. Median time to transplant
was longer for the USRDS patients age-matched to the older NWTS CKD cases than for
those age matched to the younger NWTS PBWT cases, reflecting the priority given to
children in selection of transplant patients. Except for the comparison of NWTS-CKD with
USRDS-PBWT, differences in transplant rates between all 4 groups were highly statistically
significant (p<0.0001).

Median time to transplant from ESRD onset was 1.5 years for NWTS non-Hispanic whites
and 3.1 for minorities (Figure 3). The transplant (“hazard”) rate ratio was 1.7 (95% CI 1.1–
2.6, p=0.011) for whites vs. minorities. Excluding 19 patients for whom donor type (living
vs. cadaveric) was unknown, non-Hispanic whites were more likely to have received an
initial transplant from a living donor (56/73=77%) than were minorities (15/25=60%), but
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this difference was not statistically significant (p=0.12). Similar, highly statistically
significant ethnic disparities in timing of transplantation and donor type were observed for
USRDS patients (data not shown).

Timing of transplant in relation to chemotherapy
Eighty-five patients, 52 PBWT and 33 CKD, developed ESRD within 2 years of
chemotherapy for WT and thus might have been considered for kidney transplant within that
period. One patient received a transplant while being treated for WT, 9 within 1 year after
chemotherapy and 17 more within 2 years, A variety of extenuating circumstances may have
influenced the decision to transplant during or soon after chemotherapy. One early NWTS
patient received chemotherapy and radiation for “relapse” to the contralateral kidney. Two
months later a radical nephrectomy revealing completely necrotic tumor rendered the patient
anephric. Chemotherapy was continued for 15 months, during which period a transplant was
performed. Four patients received transplants within 6 months of ending chemotherapy. For
2 of these, transplants were performed following, respectively, respiratory arrest and
congestive heart failure that occurred while dialysis and chemotherapy were administered
simultaneously. One DDS patient was transplanted following hospital admission for
aggressive fungal treatment and problems with catheter management while on dialysis; she
died 7 years later of viral pneumonia.

Graft failure
One NWTS patient lost to follow-up immediately upon transplantation was excluded,
leaving 118 for this analysis. Graft failure occurred by virtue of subsequent dialysis for 28
patients, a 2nd transplant for 9 and death for 9. Three deaths, 1 following treatment for a late
WT relapse, were ascribed to infection, 3 to ESRD and 1 each to congestive heart failure,
myocardial infarction and cystic fibrosis. CKD patients had moderately higher rates of graft
failure compared to PBWT (HR=1.5, 95% CI 0.7–3.0, p=0.29) but the difference was not
statistically significant (Figure 4). Differences in time to graft failure according to donor
type were dramatic, with an estimated median of 16 years for patients who received their
transplant from a live donor vs. 8 years for cadaveric grafts or those of unknown donor type
(p=0.004). Only 22 (19%) first transplants were recorded prior to 1990 as opposed to 48
(41%) during the 1990’s and 48 (41%) between 2000 and closing. Although the graft failure
rates declined by 20% on average from one period to the next, the differences were not
statistically significant (HR=0.8 per period, 95% CI 0.5–1.2, p-trend=0.29) The risk of graft
failure by 5 years from transplant for those who received their transplant after 2000, namely
24.8% (95% CI 4.0–41.1), was actually higher than the corresponding risks for those
transplanted during the 1990’s (23.5%, CI 10.3–34.8) or earlier (14.3%, CI 0–28.0).
However, the confidence intervals were very wide and overlapping, indicating the
limitations of the data to evaluate this question.

Minorities had higher rates of graft failure than non-Hispanic whites (HR=1.9, 95 % CI 1.0–
3.5, p=0.049). When adjusted for the discrepancy in donor type, however, the HR for
minorities dropped to 1.5 (95% CI 0.8–3.0) and was no longer statistically significant
(p=0.19).

Omitting 1 transplanted patient with DDS who never received chemotherapy, the number of
graft failures vs. number expected by logrank analysis were 7 (1 death, 6 dialysis) vs 7.25
expected for those receiving transplants before 1 year after chemotherapy, 4 (2 deaths, 2 re-
transplanted) vs. 7.57 for those transplanted between 1 and 2 years, and 34 (6 deaths, 22
dialysis, 6 re-transplanted) vs. 30.2 for those transplanted later (p=0.33). The HR for the first
2 categories relative to the 3rd were 0.9 (95% CI 0.4–2.0) and 0.5 (0.2–1.3), respectively.
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Secondary Malignant Neoplasms
Seven secondary malignant neoplasms (SMN) were identified among the 173 patients in this
study. Three occurred prior to onset of ESRD: a basal cell skin cancer diagnosed in the
radiation field a year prior to onset of ESRD and 29 years following WT diagnosis; a
papillary/follicular thyroid carcinoma that occurred 2 years prior to ESRD onset and 7 years
following diagnosis and treatment with 27 Gy to the left flank of an anaplastic WT; and a
rhabdomyosarcoma of the kidney that was an incidental finding following removal of the
2nd kidney 1.5 years after WT diagnosis due to PBWT. Two additional papillary thyroid
carcinomas were diagnosed 8.7 and 4.6 years following ESRD onset, both following
transplant at 1.3 and 0 years, respectively, as was a lymphoma diagnosed at 1.9 years after
ESRD onset and 0.4 years after transplant. A PNET tumor of the ribs occurred 9.8 years
after ESRD and 1.2 years prior to transplant. There was no evidence, based on these very
small numbers, that the SMN rate increased following transplant (HR=0.7, 95% CI 0.1–6.9,
p=0.80).

Relapse-free and overall survival
NWTS patients with ESRD due to PBWT had substantially higher relapse and mortality
rates than those with ESRD due to CKD (Figures 5 and 6). Hazard ratios were 3.0 and 2.7,
respectively, and highly statistically significant (p<0.0001). All but 1 of the 24 events that
occurred among PBWT patients prior to 1 year from ESRD (Figure 5) were relapse or
progression of WT; a single non-tumor death was due to SMN. All 5 events after 1 year
were non-tumor deaths, 1 from ESRD at 4 years and 4 more beyond 5 years. For CKD
patients, by contrast, only 4 of the 11 events prior to 1 year from ESRD were relapse or
progression of WT. Estimated survival proportions at 5 and 10 years, respectively, were
81% and 73% for CKD vs. 49% and 44% for PBWT (Figure 6). The survival curves for the
USRDS patients were both close to that for NWTS patients with ESRD due to CKD, and
none of the pairwise differences between these 3 curves was statistically significant.

Three, 2 and 14 deaths occurred, respectively, for patients who received transplants within
0–1, 1–2 and 2+ years of chemotherapy. The HR for the first 2 categories relative to the 3rd
were 0.9 (95% CI 0.3–3.3) and 0.6 (0.1–2.6), respectively (p=0.78).

Only 1 patient relapsed following transplantation, to the original tumor bed and liver at 5
years from transplant and 17 years from WT diagnosis, and he died 2 years later. Eighteen
additional deaths (12 from ESRD) occurred in transplanted patients. Nonetheless, mortality
rates were reduced by 84% (HR=0.16, 95% CI 0.07–0.38, p=0.0003) following the initial
transplant compared with those of the same ESRD type (PWBT or CKD) who remained on
dialysis. The reduction in mortality was about the same when only deaths due to ESRD were
considered (HR=0.18, 95% CI 0.05–0.60, p=0.021). Mortality following transplant was
greater (HR=1.7, 95% CI 0.7–4.3, p=0.13) for patients with ESRD due to PBWT compared
to those with ESRD due to CKD, but there were only 8 and 11 post-transplant deaths in
these 2 groups, respectively, and the difference was not statistically significant.

Minorities had higher overall mortality than non-Hispanic whites (HR=1.9, 95% CI 1.2–3.1,
p=0.01), a result not affected by stratification on ESRD type (PBWT vs. CKD). A similarly
high HR for minorities was observed for USRDS patients (data not shown). When adjusted
for their delayed times to transplant, however, the mortality rate ratio for NWTS minorities
was reduced (HR=1.7, 95% CI 1.0–2.7, p=0.04) and of borderline statistical significance.

Discussion
Treatments and outcomes differed dramatically between WT patients who developed ESRD
following surgical removal of all renal tissue to treat progressive disease (PBWT) and those
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who developed ESRD as a result of other pathologies (CKD). Most patients with PBWT
developed their ESRD while still receiving or shortly after completion of chemotherapy. A
large fraction (25/55=45%) died while on their initial ESRD treatment with dialysis (Figure
1a), all but 4 of these deaths due to WT. Fewer than half lived long enough to receive a
transplant (Figures 1a and 2) and half had died within 5 years of onset of ESRD (Figure 6).
By contrast, patients who developed ESRD due to CKD, in most cases long after they had
been cured of WT, had a good opportunity to receive a transplant: an estimated 66% within
2 years and 79% within 5 years of ESRD onset (Figures 1b and 2). Their overall survival
was estimated to be 81% at 5 years and 73% at 10 years (Figure 6). Once a transplant had
been performed, however, the differences in outcomes between the CKD and PBWT groups
were markedly reduced. In fact the CKD group had slightly higher risk of graft failure
(Figure 4) but better post-transplant survival, neither comparison being statistically
significant. Once the WT has been “cured”, the risk of graft failure due to recurrent disease
has been removed. Since very few WT relapses occur following transplant, both groups face
similar challenges.

Patients with ESRD due to PBWT also had markedly worse early mortality, most of it due to
progressive WT, in comparison with age-matched population controls (Figure 6). This
resulted in many fewer of them receiving transplants (Figure 2). Patients with ESRD due to
CKD, by contrast, were a bit more likely than their population counterparts to receive a
transplant and their survival experience was comparable to that of controls. Age matching of
the controls to the respective NWTS group was important in view of the dramatic effects of
age-at-onset on treatment and survival of patients with ESRD.(24) The youngest USRDS
patients have relatively high mortality rates which then decline but increase progressively
with age at ESRD above 10 years. The situation is similar for time to transplant. Median
time to transplant for USRDS is about 1.7 years for children aged 0–4 and 10–19 years at
ESRD onset, under 1 year for those aged 5–9 and approximately 5 years for young adults
aged 20 and above. Transplant for the youngest patients is often delayed until they have
grown large enough to accommodate a live adult graft, while those 18 or older no longer
have priority for a cadaveric graft. These results may also be influenced by the differential
mortality such that some of those with the highest early mortality, notably in the 0–4 and
20+ age groups, never have the opportunity for a transplant. More detailed study of the
USRDS population has been conducted by others.(12) The USRDS data were used here only
to provide an age-matched control group for patients with WT.

NWTS patients with ESRD who belonged to a minority group had nearly twice the graft
failure and mortality rates of non-Hispanic Whites and their median time to first transplant
was twice as long (Figure 3). This finding is consistent with general population trends.
African, Asian and Hispanic Americans with ESRD all have lower rates of transplantation
than non-Hispanic whites.(25;26) African Americans with ESRD have higher rates of
overall mortality than whites, a result confirmed by analysis of the USRDS controls used in
this study.(27) While the disparity between mortality rates for non-Hispanic whites and
minorities in the NWTS population was reduced after adjusting for time to initial transplant,
and was no longer statistically significant, it did not disappear. This may reflect continuing
medical and social disparities in access to management of ESRD.

Comparisons of graft failure and mortality rates following the initial transplant did not
reveal any differences according to the time between cessation of chemotherapy for WT and
the transplant. However, very small numbers of patients were available: 10 who received a
transplant within 1 year and 17 transplanted between 1–2 years following chemotherapy.
The numbers of events, deaths or graft failures, within these groups were even smaller.
Furthermore, patients who received early transplants could well have been selected on the
basis of characteristics associated with their treatment outcomes. While it would be unwise,

Grigoriev et al. Page 7

Pediatr Nephrol. Author manuscript; available in PMC 2013 August 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



therefore, to attempt to draw firm conclusions from these data alone as regards the suitability
of the current guidelines that mandate a 1 or 2 year waiting period, there is also nothing in
the study data to suggest a markedly adverse prognosis associated with early transplant.
Patients with ESRD following “low risk” WT, i.e. Stage I or II with “favorable histology”
(28) who remained disease free for 6 months following treatment, might be considered
candidates for transplant. Indeed, such a criterion was explicitly mentioned in clinical notes
to justify an early transplant for 1 patient whose disease-free contralateral kidney had been
severely damaged during surgery. Since relapses beyond 1 year from ESRD were non-
existent in patients with PBWT, and rare in those with CKD, earlier transplants might be
considered also in higher risk patients. Unfortunately, however, firm statistical evidence to
support early transplant is lacking due to the small numbers of patients who have received
early transplant to date.

Too few patients were available for meaningful analysis of the effect of transplant on
subsequent rates of SMN. Confidence limits for the HR (0.1–6.9) were compatible with a
wide range of values, including the 2.1 fold SMN increase recently reported for US solid
organ transplant recipients in comparison with the general population.(29)

In summary, except as explained by the high risk of early death from progressive disease in
patients whose ESRD was due to PBWT, access to renal transplantation for NWTS patients
who developed ESRD was better than for age-matched population controls and long term
survival was at least as good. The well known and dramatic improvement in survival
prospects following transplantation was confirmed to hold also for the small population of
WT survivors. Since mortality for ESRD patients in general, and NWTS-ESRD patients in
particular, remains substantial, these findings suggest that WT patients who subsequently
have ESRD can immediately be considered candidates for kidney transplant and not subject
to a 2 year wait time
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Figure 1.
Flow charts showing sequence of treatments and survival outcomes for National Wilms
Tumor Study (NWTS) patients with end stage renal disease (ESRD). Numbers in
parentheses in each box refer to patients who remained in the state indicated by that box at
the conclusion of follow-up. A: ESRD due to progressive bilateral Wilms tumor; B: ESRD
due to chronic kidney disease.
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Figure 2.
Cumulative incidence curves showing proportions of patients who received an initial
transplant by time since onset of end stage renal disease (ESRD). NWTS-CKD and NWTS-
PBWT refer to National Wilms Tumor Study (NWTS) patients whose ESRD was due to
progressive bilateral Wilms tumor (PBWT) and chronic kidney disease (CDK), respectively.
USRD-PBWT and USRD-CKD refer to stratified samples of USRDS (United States Renal
Data System) patients that were frequency matched on age at ESRD onset to the
corresponding NWTS populations.
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Figure 3.
Cumulative incidence curves showing proportions of National Wilms Tumor Study (NWTS)
patients who received an initial transplant by time since onset of end stage renal disease
(ESRD), separately for non-Hispanic Whites and all other ethnic groups.
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Figure 4.
Proportions of transplanted National Wilms Tumor Study (NWTS) patients whose grafts
failed by time since transplant, separately for patients whose end stage renal disease (ESRD)
was due to progressive bilateral Wilms tumor (PBWT) and chronic kidney disease (CKD).
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Figure 5.
Cumulative risk of subsequent relapse, disease progression or death, whichever came first,
for Wilms tumor (WT) patients from onset of end stage renal disease (ESRD). Progressive
bilateral Wilms tumor (PBWT) refers to ESRD due to progressive bilateral WT, chronic
kidney disease (CKD) to ESRD due to chronic kidney disease.

Grigoriev et al. Page 16

Pediatr Nephrol. Author manuscript; available in PMC 2013 August 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 6.
Survival curves (proportions of surviving patients) by time since onset of end stage renal
disease (ESRD) for four groups. NWTS-CKD and NWTS-PBWT refer to National Wilms
Tumor Study (NWTS) patients whose ESRD was due to progressive bilateral Wilms tumor
(PBWT) and chronic kidney disease (CKD), respectively. USRD-PBWT and USRD-CKD
refer to stratified samples of USRDS (United States Renal Data System) patients that were
frequency matched on age at ESRD onset to the corresponding NWTS populations.
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Table 1

Causes of end stage renal disease (ESRD in Patients with Wilms Tumor

Assigned ESRD Cause No. of Patients

Progressive bilateral Wilms tumor 55

Drash syndrome 27

WAGR syndrome 10

Polycystic kidney disease 2

Hemolytic uremic syndrome 1

Immune complex glomerulonephritis 5

Infection 2

Hydronephrosis 2

Chemotherapy 2

Radiation nephritis 12

Surgical complication 5

Focal segmental glomerulosclerosis 18

Hypertension 7

Diabetes 1

SMN not WT in remaining kidney 1

Dysplastic kidney, including horseshoe 3

Chronic kidney disease etiology unknown 16

Preemptive Transplant 1

Unknown 3

Total 173

WAGR Wilms tumor, aniridia, genitourinary anomalies, retardation; SMN secondary malignant neoplasms; WT Wilms tumor
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