
UCSF
UC San Francisco Previously Published Works

Title
Late-onset kidney failure in survivors of childhood cancer: a report from the Childhood 
Cancer Survivor Study.

Permalink
https://escholarship.org/uc/item/0fn2m8pm

Authors
Dieffenbach, Bryan
Liu, Qi
Murphy, Andrew
et al.

Publication Date
2021-09-01

DOI
10.1016/j.ejca.2021.06.050
 
Peer reviewed

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/0fn2m8pm
https://escholarship.org/uc/item/0fn2m8pm#author
https://escholarship.org
http://www.cdlib.org/


Late-onset Kidney Failure in Survivors of Childhood Cancer: A 
Report from the Childhood Cancer Survivor Study

Bryan V. Dieffenbach, MD1,2,3, Qi Liu, MSc4, Andrew J. Murphy, MD5, Deborah R. Stein, 
MD6, Natalie Wu, MD7, Arin L. Madenci, MD PhD1,2,3, Wendy M. Leisenring, ScD7, Nina 
S. Kadan-Lottick, MD MSPH8, Emily R. Christison-Lagay, MD9, Robert E. Goldsby, MD10, 
Rebecca M. Howell, PhD11, Susan A. Smith, MPH11, Kevin C. Oeffinger, MD12, Yutaka Yasui, 
PhD13, Gregory T. Armstrong, MD MSCE13, Christopher B. Weldon, MD PhD1,3, Eric J. 
Chow, MD MPH7, Brent R. Weil, MD MPH1,3

1Department of Surgery, Boston Children’s Hospital and Harvard Medical School, Boston, MA, 
USA

2Department of Surgery, Brigham and Women’s Hospital and Harvard Medical School, Boston, 
MA, USA

3Department of Pediatric Oncology, Dana-Farber Cancer Institute and Harvard Medical School, 
Boston, MA, USA

4School of Public Health, University of Alberta, Edmonton, Alberta, Canada

5Department of Surgery, St. Jude Children’s Research Hospital, Memphis, TN, USA

6Division of Nephrology, Boston Children’s Hospital and Harvard Medical School, Boston, MA, 
USA

7Clinical Research and Public Health Sciences Division, Fred Hutchinson Cancer Research 
Center, Seattle, WA, USA

8Section of Pediatric Hematology-Oncology, Yale University and Yale Cancer Center, New Haven, 
CT, USA

9Division of Pediatric Surgery, Department of General Surgery, Yale School of Medicine, New 
Haven, USA.

Correspondence: Bryan V. Dieffenbach, MD, Department of Surgery, Fegan 3, Boston Children’s Hospital, Boston, MA 02115. 
Office: 617-355-0535, Fax: 617-730-0298, bdieffenbach@bwh.harvard.edu.
Authors’ contributions
Conceptualization/Study design – all authors
Data collection – QL, YY
Data analysis – QL, YY
Data interpretation – all authors
Writing- original draft – BD, QL, AJM, YY, EC, BW
Writing- review and editing – all authors

Competing Interests
Authors have no competing financial or non-financial interests in relation to the present work.

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our 
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review 
of the resulting proof before it is published in its final form. Please note that during the production process errors may be discovered 
which could affect the content, and all legal disclaimers that apply to the journal pertain.

HHS Public Access
Author manuscript
Eur J Cancer. Author manuscript; available in PMC 2022 September 01.

Published in final edited form as:
Eur J Cancer. 2021 September ; 155: 216–226. doi:10.1016/j.ejca.2021.06.050.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



10Division of Oncology, Department of Pediatrics, UCSF Benioff Children’s Hospital, San 
Francisco, CA, USA

11Department of Radiation Physics, The University of Texas MD Anderson Cancer Center, 
Houston, TX, USA

12Department of Medicine, Duke University School of Medicine, Durham, NC, USA

13Department of Epidemiology and Cancer Control, St. Jude Children’s Research Hospital, 
Memphis, TN, USA

STRUCTURED ABSTRACT

Background—The incidence of and risk factors for late-onset kidney failure among survivors 

over the very long-term remains understudied.

Materials and Methods—25,530 childhood cancer survivors (median follow-up 22.3 years, 

interquartile range 17.4–28.8) diagnosed between 1970–1999 and 5,045 siblings from the 

Childhood Cancer Survivor Study were assessed for self-reported late-onset kidney failure, 

defined as dialysis, renal transplantation, or death attributable to kidney disease. Piecewise 

exponential models evaluated associations between risk factors and the rate of late-onset kidney 

failure.

Results—206 survivors and 10 siblings developed late-onset kidney failure, a 35-year cumulative 

incidence of 1.7% (95%CI=1.4–1.9) and 0.2% (95%CI=0.1–0.4) respectively, corresponding 

to an adjusted rate ratio [RR] 4.9 (95%CI=2.6–9.2). High kidney dose from radiotherapy 

(≥15Gy; RR=4.0, 95%CI=2.1–7.4), exposure to high-dose anthracycline (≥250mg/m2; RR=1.6, 

95%CI=1.0–2.6) or any ifosfamide chemotherapy (RR=2.6, 95%CI=1.2–5.7), and nephrectomy 

(RR=1.9, 95%CI=1.0–3.4) were independently associated with elevated risk for late-onset kidney 

failure among survivors. Survivors who developed hypertension, particularly in the context of 

prior nephrectomy (RR=14.4, 95%CI=7.1–29.4 hypertension with prior nephrectomy; RR=5.9, 

95%CI=3.3–10.5 hypertension without prior nephrectomy), or diabetes (RR=2.2, 95%CI=1.2–4.2) 

were also at elevated risk for late-onset kidney failure.

Conclusions—Survivors of childhood cancer are at increased risk for late-onset kidney failure. 

Kidney dose from radiotherapy ≥15Gy, high-dose anthracycline, any ifosfamide, and nephrectomy 

were associated with increased risk of late-onset kidney failure among survivors. Successful 

diagnosis and management of modifiable risk factors such as diabetes and hypertension may 

mitigate risk for late-onset kidney failure. The association of late-onset kidney failure with 

anthracycline chemotherapy represents a novel finding that warrants further study.

Keywords

Childhood cancer; survivorship; late-onset kidney failure; nephrectomy

BACKGROUND

With continued improvements in cancer therapies, over 85% of pediatric cancer patients 

will become long-term survivors.1 Because survivors are known to be at increased risk 

for the development of late-onset chronic health conditions related to their cancer therapy, 
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an improved understanding of the incidence of these conditions and the treatments that 

place survivors at elevated risk, are of vital importance.2,3 Kidney injury is a common 

complication of cancer treatments in children. Treatment with platinum agents, ifosfamide, 

abdominal radiotherapy, or nephrectomy are associated with acute kidney injury and are 

recognized as potential risk factors for long-term kidney dysfunction among survivors.4–6 

However, reports with extended follow-up in a large diverse survivor population are limited.

Progressive renal insufficiency affects over 13% of US adults aged 45–64 and is usually a 

clinically silent condition.7 In the context of progression to dialysis-dependence, kidney 

failure (also known as end-stage renal disease or end-stage kidney disease) imparts a 

disproportionate financial and workforce burden on healthcare systems and carries a 

mortality rate of 165 per 1000 patient-years.8 The reported prevalence of kidney conditions 

among survivors of childhood cancer is highly variable, depending upon the study group, 

treatment exposures, reported outcome and follow-up duration.4,9 It is estimated that 

0.5% of all childhood cancer survivors develop life-threatening or disabling kidney failure 

after mean follow-up of 17 years from diagnosis.2 Among survivors of unilateral, non­

syndromic Wilms tumor, the cumulative incidence of chronic dialysis-dependence or renal 

transplantation, is approximately 1% after 20 years.10,11 Unfortunately, few studies elaborate 

on this risk in a large cohort of survivors beyond 20 years from diagnosis.

The Childhood Cancer Survivor Study (CCSS) cohort provides a unique opportunity to build 

upon knowledge generated from previous studies by offering one of the largest childhood 

cancer survivor cohorts with detailed exposure and long-term follow-up. The purpose of 

this study is to characterize the cumulative incidence of kidney failure among a survivor 

population now in in early to mid-adulthood and to identify the risk factors associated with 

development of kidney failure.

MATERIALS AND METHODS

Study design and participants

The CCSS is a multi-institutional, retrospective cohort with prospective follow-up of five­

year survivors of childhood cancer treated at one of 31 institutions in North America and 

includes a comparison group of nearest-age siblings selected by random sampling. Study 

methods and participant accrual in the CCSS have been reported previously.12,13 This study 

included 25,530 childhood cancer survivors and 5,045 siblings participating in the CCSS. 

All survivors were diagnosed with cancer before age 21 years and between 1970 and 1999. 

The institutional review board for each participating institution approved the CCSS protocol 

and participants provided informed consent.

Outcome measures

The primary outcome was self-reported late-onset kidney failure, defined as any grade four 

(life-threatening; defined as initiation of dialysis or renal transplantation) or grade five (fatal) 

renal condition based on the Common Terminology Criteria for Adverse Events (CTCAE), 

first occurring five or more years after primary cancer diagnosis.2,14 Survivors entered the 
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cohort five years after their cancer diagnosis and siblings entered on the same dates as their 

corresponding survivors.

Procedures

Chemotherapy, radiotherapy and surgical data associated with original cancer treatment 

was systematically abstracted from the medical records of participating institutions. 

Cumulative chemotherapy exposure was evaluated as follows: anthracycline dose (none, 

0.1–249, ≥250 mg/m2), cisplatin equivalent dose (none, 0.1–499, ≥500 mg/m2 with 

the cumulative dose of carboplatin weighted by 0.25),15,16 ifosfamide dose (none, 0.1–

59, ≥60 g/m2), and intravenous methotrexate dose (none, 0.1–3999, ≥4000 mg/m2). 

Survivors who underwent unilateral nephrectomy as treatment for their primary cancer 

were identified based on International Classification of Diseases, Ninth Revision, Clinical 

Modification procedure codes abstracted from the participating institutions’ medical records. 

Radiotherapy records were centrally abstracted for details necessary for dose reconstruction, 

including prescription(s), date(s), and treatment field parameters, (i.e. dose, orientation, 

beam energy, field size, weighting, field blocking, and anatomical borders or field central 

axis coordinates). Each individual’s radiotherapy was then reconstructed on a computational 

phantom scaled to their age at the time of radiotherapy and mean doses to the right and 

left kidneys were calculated separately.17–19 The radiation variable included in the analysis 

was the lower dose of the two mean doses (right or left; divided categorically into: none, 

0.1–9.9, 10–14.9, ≥15 Gy). For survivors who underwent unilateral nephrectomy, the dose to 

the remaining kidney was used.

Additional abstracted variables included: decade of diagnosis (1970–79, 1980–89, 1990–

99), attained age, sex, race/ethnicity, self-reported history of genitourinary conditions, and 

hypertension or diabetes requiring medications prior to the primary endpoint. Subsequent 

malignant neoplasms (SMN) occurring five years or more after primary cancer diagnosis 

were also included. SMNs were identified via self- or next-of-kin proxy report or death 

certificate and confirmed by pathology report, death certificate, medical records, or both.20 

SMNs were categorized as: none, non-renal SMN (excluding non-melanoma skin cancers), 

or renal SMN.

Statistical analysis

Descriptive statistics were tabulated for survivors who did and did not develop late-onset 

kidney failure. Cumulative incidence of late-onset kidney failure was estimated for survivors 

and siblings, overall and by cancer diagnosis, with death classified as a competing risk event 

and the follow-up starting at 5 years from the cancer diagnosis and ending with the earliest 

of development of the primary outcome, death, or most recent questionnaire completion 

(censoring). Kidney failure occurring prior to the cohort entry at 5 years from cancer 

diagnosis (n=126 survivors and no siblings) were included in the cumulative incidence as 

prevalent cases at cohort entry. Piecewise exponential regression models estimated adjusted 

rate ratios (RR) of late-onset kidney failure (excluding kidney failure that occurred before 

cohort entry) between survivors and siblings overall and among survivors by primary cancer 

diagnosis controlling for attained age, sex, and race/ethnicity.
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Piecewise exponential models were also used to evaluate the rate of late-onset kidney 

failure among survivors in association with the following covariates: age at primary cancer 

diagnosis, known genitourinary condition, unilateral nephrectomy, cumulative anthracycline 

dose, platinum agent dose (cisplatin equivalent dose), cumulative IV methotrexate dose, 

cumulative ifosfamide dose, and mean kidney dose from radiotherapy, adjusting for 

time-varying attained age during follow up as natural cubic splines. These models were 

also adjusted for development of diabetes, hypertension, or SMN (occurring prior to 

kidney failure) as time-dependent variables. We additionally tested a priori hypothesized 

interactions between hypertension and nephrectomy, hypertension and kidney radiation, 

diabetes and nephrectomy, diabetes and kidney radiation.

To further investigate the association between exposure to anthracycline chemotherapy and 

late-onset kidney failure specifically, a sensitivity analysis among survivors who did not 

undergo nephrectomy or radiotherapy to the kidney, the two strongest treatment risk factors, 

was performed utilizing the same piecewise exponential model so that the anthracycline and 

late-onset kidney failure association could be evaluated without the complex dependency 

among the treatment variables. Additionally, a time-dependent covariate indicating the 

occurrence of heart failure was added to the model to assess whether the late-onset kidney 

failure association with anthracycline, a cardiotoxic chemotherapy agent, is mediated by, or 

independent of, the development of this cardiac condition.

Statistical analyses were conducted with R Statistical Software (version 3.5.2) and SAS 

version 9.4 (SAS Institute, Cary, NC). All statistical inferences were two-sided and p-values 

<0.05 were considered statistically significant.

RESULTS

A total of 25,530 survivors and 5,045 siblings were included in the analysis (Table 1). 

Median age at cancer diagnosis among survivors was 6.1 years (interquartile range [IQR], 

3.0–12.4) and 6.7 years (IQR 3.0–13.2) for the sibling population. Median follow-up time 

was 22.4 (IQR 17.4–28.8) years for survivors and 27.8 (IQR 21.1–34.8) years for siblings.

A total of 206 survivors and 10 siblings developed late-onset kidney failure. The median 

age of first occurrence of kidney failure for survivors and siblings was 22.5 (IQR 16.1–

29.5) and 30.0 (IQR 25.5–39.5) years, respectively. The cumulative incidence of late-onset 

kidney failure at 35 years after primary cancer diagnosis was 1.7% (95% confidence interval 

[CI]=1.4–1.9) and 0.2% (95%CI=0.1–0.4) for survivors and siblings, respectively (p<0.001; 

Figure 1, Table 2). The 35-year cumulative incidences of late-onset kidney failure stratified 

by primary cancer diagnosis are shown in Table 2. The cumulative incidences of late-onset 

kidney failure by selected treatment exposures are displayed in Figure 2 and Supplementary 

Table 1.

When compared with siblings and adjusted for age, sex, and race/ethnicity, survivors 

were more likely to develop late-onset kidney failure (adjusted rate ratio [RR]=4.9, 

95%CI=2.6–9.2; Table 2). Among survivors, the rate ratios of late-onset kidney failure 

(central nervous system tumor as referent) were greatest among survivors of Wilms 
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tumor (RR=4.7, 95%CI=2.6–8.4), osteosarcoma (RR=2.6, 95%CI=1.3–5.4), Ewing sarcoma 

(RR=2.5, 95%CI=1.0–5.9), neuroblastoma (RR=2.5, 95%CI=1.2–4.9), and non-Hodgkin 

lymphoma (RR=2.0, 95%CI=1.0–3.8).

Sex, race/ethnicity, and age at diagnosis were not associated with late-onset kidney failure in 

multivariable analysis (Table 3). Development of diabetes (RR=2.2, 95%CI=1.2–4.2) prior 

to the primary outcome was associated with an increased risk for late-onset kidney failure. 

Hypertension elevated late-onset kidney failure rates differently with nephrectomy (RR of 

late-onset kidney failure by hypertension without nephrectomy = 5.9, 95%CI=3.3–10.5 vs. 

14.4, 95%CI=7.1–29.4 with nephrectomy, p=0.034 for interaction). No interaction between 

diabetes and either kidney radiotherapy or nephrectomy status was observed.

Among chemotherapy agents, exposure to high anthracycline dose (≥250mg/m2, RR=1.6, 

95%CI-1.0–2.6) was independently associated with development of late-onset kidney 

failure. A sensitivity analysis excluding survivors who underwent nephrectomy or kidney 

radiotherapy showed a persistent, independent association between high anthracycline dose 

and late-onset kidney failure (≥250mg/m2, RR=4.8, 95%CI-1.9–12.2, not shown). The 

anthracycline and late-onset kidney failure association was not altered by the inclusion 

of indicators of coronary artery disease or congestive heart failure prior to the primary 

outcome. Exposure to any ifosfamide was associated with the rate of late-onset kidney 

failure (RR=2.6, 95%CI=1.2–5.7, Supplemental Table 2). When examined by dose range, 

there appeared to be a dose-related relationship associated with Ifosfamide, though this 

did not achieve statistical significance for the high-dose category (0.1–59 g/m2, RR=2.4, 

95%CI-1.3–4.6; ≥60g/m2, RR=3.0, 95%CI-1.0–9.2). Additionally, survivors who received 

platinum agent chemotherapy had a 50% higher rate of late-onset kidney failure, however, 

this association did not achieve statistical significance when examined by dose-range or as 

a binary variable. Exposure to the combination of any ifosfamide plus any platinum agent 

chemotherapy was associated with a significantly elevated rate of late renal failure among 

survivors (RR=3.8, 95%CI=1.8–8.0, Supplemental Table 2).

Kidney dose from radiotherapy ≥15Gy (RR=4.0, 95%CI=2.1–7.4) and unilateral 

nephrectomy (RR=1.9, 95%CI=1.0–3.4) were independently associated with late-onset 

kidney failure. Development of a renal SMN was significantly associated with progression 

to late-onset kidney failure (RR=15.1, 95%CI=4.2–55.0); there was no association with 

non-renal SMNs.

DISCUSSION

In this study, we report that nearly two percent of childhood cancer survivors will develop 

late-onset kidney failure by 35 years follow-up, as well as several novel findings that 

will impact the care of childhood cancer survivors moving forward. First, the association 

between diabetes or hypertension and the subsequent development of kidney failure 

identifies important modifiable targets to mitigate risk in survivors, particularly among those 

survivors with hypertension and a history of nephrectomy during treatment. Second, the 

association between anthracycline chemotherapy and late-onset kidney failure may represent 

an additional target for future treatment regimen modifications pending further validation. 
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Third, this study corroborates previous reports implicating kidney dose from radiotherapy, 

unilateral nephrectomy, and ifosfamide as potential risk factors for late-onset kidney failure. 

To our knowledge, this study represents the largest cohort of childhood cancer survivors 

with the longest reported follow-up assessing risk for late-onset kidney failure in this 

vulnerable population.

Diabetes and hypertension are reported as the two most common medical diagnoses 

predisposing to kidney failure and both become more prevalent among survivors of 

childhood cancer survivors with age.3,8 Both conditions are treatable, making them 

important modifiable risk factors for kidney failure among survivors. The findings in the 

present study suggest that carrying a diagnosis of either diabetes or hypertension places 

survivors at elevated risk for late-onset kidney failure. Importantly, survivors who underwent 

nephrectomy during cancer treatment and subsequently developed hypertension had over 

two-fold higher rates of late-onset than those without prior nephrectomy (RR of late-onset 

kidney failure by developing hypertension is 14.4 vs. 5.9), suggesting synergistic, rather than 

simply additive effects. It is of the utmost importance that long-term survivors be screened 

for diabetes and hypertension based upon their risk profile as childhood cancer survivors and 

in accordance with society guidelines.

Anthracycline compounds are associated with long-term cardiotoxicity in up to 7% of 

childhood cancer survivors 30 years after treatment.21–23 The present study identifies a novel 

association between anthracycline treatment and late-onset kidney failure over the very-long 

term. Few small reports and animal studies have suggested a potential direct nephrotoxic 

effect from anthracyclines.24 We attempted a thorough investigation of the potential indirect 

mechanisms for late kidney failure after exposure to anthracyclines through sensitivity 

analyses, including assessment of indirect consequences from cardiotoxicity or the potential 

confounding effects of having undergone nephrectomy or kidney radiotherapy and still 

observed a persistent association between anthracycline chemotherapy and late-onset kidney 

failure. This may be explained by the association between anthracycline exposure and 

long-term risk for hypertension among survivors of childhood cancer.25 However, it remains 

possible that anthracycline exposure may be a surrogate for a different, unmeasured 

exposure or confounder, and further study is warranted to clarify the details of this 

association and to replicate the finding in other survivor populations.

Ifosfamide and platinum agents are considered nephrotoxic chemotherapeutics with risk 

for chronic glomerular and tubular toxicity.26–28 Ifosfamide causes dose-dependent acute 

and chronic glomerular and tubular damage in up to half of children after completion 

of treatment, though the effect on long-term kidney failure is less clear.29–31 Similarly, 

platinum agents may also cause dose-dependent acute and chronic glomerular and tubular 

damage affecting over 60% of children and as many as 90% of adults five years 

after treatment.9,32 The findings in the present study support prior reports regarding 

the association between ifosfamide dose and chronic kidney disease, while also further 

elaborating on the risk of more advanced kidney disease through the observation of 

increased risk for late-onset kidney failure in survivors who were treated with ifosfamide. 

Furthermore, an additive effect on rates of late kidney failure was observed among 

survivors who were exposed to both ifosfamide and platinum agent chemotherapy regimens, 
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consistent with previous reports on chronic ifosfamide nephrotoxicity.33 The present study 

is limited in its ability to study all combinations of chemotherapy and other treatment 

exposures, but it will be important to evaluate the impact of multi-agent and multimodal 

treatment regimens, and not only the impact of individual treatments on risk for late kidney 

failure in future studies. Efforts should be taken to limit ifosfamide dose whenever feasible 

and those requiring cumulative doses greater that 60g/m2 should be carefully monitored and 

treated for other conditions that can contribute to compromised renal function.5

The present study also identified a 50% increase in risk of late-onset kidney failure after 

platinum agent chemotherapy, but the association did not achieve statistical significance. 

While it is likely that platinum agents contribute to chronic kidney dysfunction, the number 

of survivors who reached our primary outcome may have been insufficient to show the 

dose-response or statistical significance that would be expected based upon prior reports 

in childhood cancer survivors where changes in glomerular filtration rate was the primary 

outcome.27

Radiotherapy-induced kidney injury from abdominal radiotherapy is a known risk factor 

for long-term impairment of glomerular function in childhood cancer survivors and the 

Children’s Oncology Group Long Term Follow-Up Guidelines suggest that survivors who 

received ≥10Gy of abdominal radiotherapy be monitored for kidney toxicity.5,34 However, 

we report a novel association between kidney dose from radiotherapy and late-onset kidney 

failure. This is important because the prescribed dose to the abdomen is a less specific dose 

metric that does not account for radiotherapy field blocking, whereas the kidney dose would 

account for this. This finding should inform future guidelines to include kidney dose as a 

distinct risk factor from abdominal dose with a certain cut-off at kidney dose ≥15Gy, and 

≥10Gy warranting initial evaluation for long-term kidney toxicity. Furthermore, these data 

may support utilization of a <10Gy kidney dose as a normal tissue constraint/optimization 

parameter for radiotherapy treatment planning whenever possible.

Unilateral nephrectomy is also acknowledged as a risk factor for long-term kidney 

dysfunction.26,27,35 Among pediatric renal tumor survivors, 8% have been reported to 

develop chronic kidney disease.35 Long-term follow-up from the NWTSG report the 20-year 

cumulative incidence of kidney failure between 0.7% and 1.3% for those with unilateral 

disease and up to 15% for bilateral disease.10,11 Herein, we observed an estimated 35-year 

cumulative incidence of late-onset kidney failure among survivors who underwent therapy­

related nephrectomy for their primary cancer of 4.1%, a figure that builds upon prior 

reports by including a larger and more diverse population of survivors and suggests that 

risk for late-onset kidney failure continues to increase among survivors as follow-up is 

extended. Importantly, this observation is heavily influenced by the subsequent development 

of hypertension.

There are important limitations to consider in this study. First, given that outcomes are self­

reported, the possibility for misclassification exists and more precise clinical data needed 

to identify survivors developing less severe forms of late kidney disease are unavailable. 

Second, the CCSS does not collect data on all variables that may contribute to late-onset 

kidney failure, therefore we are unable to assess the impact of other potential risk factors 
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such as supportive treatments (e.g. nephrotoxic antibiotic regimens, diuresis, tumor lysis 

syndrome), hemodynamic perturbations from critical illness, or other nephrotoxic therapies. 

Third, although over 1,500 non-Hispanic Black survivors were evaluated, the number is 

limited relative to non-Hispanic White survivors and may have precluded our ability to 

detect an association between race and late-onset kidney failure. Finally, competing risk 

events such as late mortality, known to occur at accelerated rates among childhood cancer 

survivors, can be statistically accounted for as we do herein, but may still cause the 

estimation of incidence of late-onset kidney failure that would otherwise develop in this 

population to be underestimated.

In conclusion, among a large cohort of childhood cancer survivors, the estimated incidence 

of late-onset kidney failure at up to 35 years following cancer diagnosis is 1.7%, a nearly 

five-fold increased risk relative to sibling controls. Notably, survivors who developed 

diabetes or hypertension were at greater risk for late-onset kidney failure, particularly those 

who developed hypertension in the context of a prior nephrectomy. In addition, the present 

study identifies a novel association between anthracycline chemotherapy and late-onset 

kidney failure that has not been previously shown in survivors of childhood cancer, a 

finding that warrants further investigation. Clinicians caring for childhood cancer survivors 

should be aware of these risk factors and perform active surveillance for kidney dysfunction 

according to long-term follow-up guidelines with annual blood pressure monitoring and 

baseline blood urea nitrogen, creatinine and electrolyte laboratory tests at entry to long-term 

follow-up and as clinically indicated for at-risk survivors. The findings in this study may 

suggest that survivors exposed to high-dose anthracycline chemotherapy be considered for 

close surveillance and additional screening tests as well.5,6
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HIGHLIGHTS

• 1.7% of childhood cancer survivors develop late-onset kidney failure after 35 

years

• ≥15Gy kidney dose of radiotherapy ifosfamide anthracycline or nephrectomy 

risk factors

• Diabetes and hypertension are potentially modifiable factors to mitigate risk
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Figure 1. 
Cumulative incidence of late-onset kidney failure among survivors and siblings

Note: The number of participants at risk (number censored) at each 5-year interval post­

diagnosis is listed below the x-axis. The number censored does not include those who 

experienced a competing risk event (death).
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Figure 2. 
Cumulative incidence of late-onset kidney failure among survivors by (A) nephrectomy 

status, (B) anthracycline dose, (C) ifosfamide dose, and (D) cisplatin equivalent dose, and 

(E) kidney dose from radiotherapy

Note: The number of participants at risk (number censored) at each 5-year interval post­

diagnosis is listed below the x-axis. The number censored does not include those who 

experienced a competing risk event (death).
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Table 1.

Demographic and treatment characteristics of childhood cancer survivors and siblings who did and did not 

develop late onset kidney failure

Characteristic

Late kidney failure

Survivors Siblings

No kidney failure n=25324 Kidney failure n=206
No kidney failure 

n=5035
Kidney failure 

n=10

Demographic

 Female sex 11784 (46) 95 (46) 2639 (52) 3 (30)

 Race/ethnicity

  Non-Hispanic white 20560 (80) 167 (81) 4361 (87) 8 (80)

  Non-Hispanic black 1599 (6) 19 (10) 148 (3) 1 (10)

  Hispanic/Latino 2011 (9) 12 (5) 215 (4) 0 (0)

  Other 1154 (5) 8 (4) 311 (6) 1 (10)

 Age at diagnosis (y)

  0–3 8222 (35) 74 (35)

  4–9 7557 (32) 58 (31)

  5–14 5367 (19) 33 (15)

  ≥15 4178 (14) 41 (19)

 Decade of diagnosis

  1970–79 6536 (22) 64 (29)

  1980–89 9903 (37) 87 (42)

  1990–99 8885 (41) 55 (29)

Primary cancer diagnosis

  Acute lymphoblastic leukemia 6542 (36) 42 (27)

  Acute myeloid leukemia 911 (3) 8 (4)

  Other leukemia 323 (1) 6 (3)

  Central nervous system tumor 4465 (15) 17 (8)

  Hodgkin lymphoma 3087 (11) 17 (8)

  Non-Hodgkin lymphoma 2065 (7) 18 (8)

  Wilms tumor 2204 (8) 46 (21)

  Neuroblastoma 1922 (7) 19 (8)

  Soft tissue sarcoma 1744 (6) 10 (4)

  Ewing sarcoma 2061 (7) 23 (10)

  Osteosarcoma 727 (2) 7 (3)

  Other bone cancer 1233 (4) 15 (7)

Treatment exposures 101 (0) 1 (0)

 Anthracycline dose (mg/m2)

  None 11984 (49) 70 (39)

  0.1–249 6676 (36) 57 (39)
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Characteristic

Late kidney failure

Survivors Siblings

No kidney failure n=25324 Kidney failure n=206
No kidney failure 

n=5035
Kidney failure 

n=10

  ≥250 3686 (15) 41 (22)

 Cisplatin equivalent dose (mg/m2)

  None 20487 (91) 153 (86)

  0.1–499 1378 (5) 13 (7)

  ≥500 1060 (4) 14 (7)

 Ifosfamide dose (g/m2)

  None 21936 (95) 165 (91)

  0.1–59 856 (3) 13 (6)

  ≥60 294 (1) 5 (3)

 Methotrexate dose (IV, mg/m2)

  None 17818 (73) 145 (82)

  0.1–3999 2325 (11) 14 (9)

 ≥4000 2567 (16) 13 (9)

 Kidney dose from radiotherapy (Gy)

  None 10295 (50) 73 (42)

  0.1–9.9 10932 (44) 70 (39)

  10–14.9 914 (4) 17 (10)

  ≥15 367 (1) 18 (9)

 Unilateral nephrectomy 1956 (7) 43 (21)

Medical comorbidities *

 Known genitourinary condition 542 (2) 9 (5) 10 (0) 0 (0)

 Diabetes 1021 (4) 21 (10) 109 (2) 1 (10)

 Hypertension 2792 (10) 77 (36) 461 (9) 3 (30)

Subsequent malignant neoplasm (SMN) *

 None 24013 (95) 192 (93)

 Non-renal SMN 1267 (5) 10 (5)

 Renal SMN 44 (0) 4 (2)

Percentages are column percentages

*
reported to have occurred prior to the primary endpoint

Analyses, including reported percentages and means/medians, were weighted to account for undersampling of acute lymphoblastic leukemia 
survivors (1987–1999), with a weight of 1.21 for age 0 or 11–20 years at diagnosis, and a weight of 3.63 for those aged 1–10 years
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Table 2.

Late-onset kidney failure among survivors of childhood cancer, overall and by primary cancer diagnosis

35-year cumulative incidence
(95% confidence interval)

Rate ratio*
(95% confidence interval)

P

Siblings 0.2 (0.1 – 0.4) Ref. -

Survivors (overall) 1.7 (1.4 – 1.9) 4.9 (2.6 – 9.2)  <0.001

Survivors by diagnosis

 Central nervous system tumor 0.6 (0.3 – 0.8) Ref. -

 ALL 1.2 (0.9 – 1.5) 1.5 (0.8 – 2.7)  0.22

 AML 2.0 (1.0 – 3.0) 2.2 (1.0 – 5.2)  0.060

 Hodgkin lymphoma 0.9 (0.5 – 1.4) 1.2 (0.6 – 2.4)  0.64

 Non-Hodgkin lymphoma 3.6 (2.2 – 4.9) 2.0 (1.0 – 3.8)  0.043

 Wilms tumor 3.8 (2.8 – 4.8) 4.7 (2.6 – 8.4)  <0.001

 Neuroblastoma 2.1 (1.1 – 3.2) 2.5 (1.2 – 4.9)  0.010

 Soft tissue sarcoma 1.0 (0.3 – 1.6) 1.2 (0.6 – 2.7) 0.63

 Ewing sarcoma 1.7 (0.7 – 2.8) 2.5 (1.0 – 5.9)  0.047

 Osteosarcoma 2.7 (1.3 – 4.1) 2.6 (1.3 – 5.4)  0.008

*
adjusted for attained age, sex and race/ethnicity
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Table 3.

Risk factors for late onset kidney failure among survivors of childhood cancer

Rate ratio*
(95% confidence interval)

P

Demographic variables 

 Male sex (vs. female) 1.3 (0.9 – 1.9) 0.097

 Race/Ethnicity

  Non-Hispanic white Ref. -

  Non-Hispanic black 1.8 (0.9 – 3.5) 0.084

  Hispanic/Latino 0.8 (0.4 – 1.6) 0.53

  Other 1.2 (0.5 – 2.5) 0.70

 Age at initial cancer diagnosis (y)

  0–3 Ref. -

  4–9 1.4 (0.9 – 2.0) 0.13

  5–14 0.8 (0.5 – 1.5) 0.56

  ≥15 1.7 (0.9 – 3.3) 0.085

Medical comorbidities 
# 

  Known genitourinary condition (vs. none) 1.7 (0.7 – 4.1) 0.27

  Diabetes (vs. none) 2.2 (1.2 – 4.2) 0.012

  Hypertension (vs. none), by nephrectomy status

   Hypertension and no nephrectomy 5.9 (3.3 – 10.5) <.001

   Hypertension and prior nephrectomy 14.4 (7.1 – 29.4) <.001

Treatment exposures 

 Chemotherapy

  Anthracycline dose (mg/m2)

   None Ref. -

   0.1–249 1.5 (1.0 – 2.3) 0.058

   ≥250 1.6 (1.0 – 2.6) 0.045

  Cisplatin equivalent dose (mg/m2)

   None Ref. -

   0.1–499 1.6 (0.8 – 2.9) 0.18

   ≥500 1.5 (0.7 – 3.0) 0.26

  Ifosfamide dose (g/m2)

   None Ref. -

   0.1–59 2.4 (1.3 – 4.6) 0.008

   ≥60 3.0 (1.0 – 9.2) 0.059

  Methotrexate dose (IV, mg/m2)

   None Ref. -

   0.1–3999 0.6 (0.3 – 1.4) 0.28
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Rate ratio*
(95% confidence interval)

P

   ≥4000 0.6 (0.3 – 1.2) 0.15

 Radiotherapy

  Kidney dose from radiotherapy (Gy)

   None Ref. -

   0.1–9.9 0.8 (0.5 – 1.3) 0.38

   10–14.9 1.6 (0.8 – 3.3) 0.16

   ≥15 4.0 (2.1 – 7.4) <0.001

 Surgery

  Unilateral nephrectomy (vs. none) 1.9 (1.0 – 3.4) 0.040

Subsequent malignant neoplasm (SMN) 

  None Ref. -

  Non-renal SMN 1.3 (0.5 – 3.3) 0.58

  Renal SMN 15.1 (4.2 – 55.0) <0.001

*
additionally, adjusted for attained age

#
reported to have occurred prior to the primary endpoint
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