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Abstract

Background: Increasing numbers of patients undergo hematopoietic cell transplantation (HCT). 

However, further characterization of late kidney outcomes is needed.

Objectives: To describe long-term kidney outcomes in HCT survivors and compare the risk of 

late kidney morbidity/mortality with non-HCT cancer survivors and the general population.

Study Design: A cohort of long-term (≥2 years) allogeneic and autologous HCT survivors, 

treated at our institution from 1992–2009 for cancer (n=1,792) was compared with a non-HCT 

cancer cohort selected from the state cancer registry (n=5,455) matched on diagnosis, sex, and age 

at/year of cancer diagnosis/HCT (index date). Additional comparisons were made with a matched 

general population sample drawn from state driver’s licensing files (DOL, n=16,340). Statewide 

hospital discharge codes and death registry codes (ICD-9/10) were used to determine acute kidney 

failure (AKF) and chronic kidney disease (CKD) occurring ≥2 years after the index date. 

Cumulative incidence rates and hazard ratios (HR, per multivariable proportional hazard models) 

estimated the absolute and relative risks of AKF and CKD. Among HCT survivors, we examined 

the influence of additional characteristics including estimated glomerular filtration rate (eGFR) at 

1-year post-HCT.

Results: Cumulative incidence rates of late kidney complications were slightly greater in HCT 

vs. non-HCT cancer survivors 10-years after the index date and both groups were more likely to 
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experience late AKF or CKD morbidity/mortality compared with the general population: AKF 

(HCT 9.4%, non-HCT 7.7%, DOL 1.8%); CKD (HCT 5.7%, non-HCT 5.0%, DOL 1.2%). 

Differences among HCT vs. non-HCT survivors were primarily seen starting 5 years after the 

index date, with increased hazards for late AKF (HR 1.4, 95% CI 1.1–1.9) and CKD (HR 1.9, 95% 

CI 1.3–2.8). Among allogeneic HCT survivors, the presence of hypertension (present <2 years 

post-HCT) was significantly associated with subsequent AKF (HR 2.9, 95% CI 1.7–5.0) and CKD 

(HR 5.2, 95% CI 2.7–10.0) 2–10 years post-HCT, with similar associations for autologous HCT 

survivors. Low eGFR (<60mL/min/1.73m2) at 1-year post-HCT was associated with late AKF 

morbidity/mortality for both allogeneic (HR 5.3, 95% CI 2.1–13.2) and autologous transplant (HR 

2.7, 95% CI 1.2–6.3) compared with survivors with normal eGFR (>90mL/min/1.73m2).

Conclusions: Overall, the risk for hospitalization or death from AKF or CKD continues to 

increase with time from HCT and exceeds that of non-HCT cancer survivors more than 5 years 

after treatment. Appropriate screening and early intervention with medication adjustments or 

lifestyle modifications in those with hypertension or evidence of abnormal eGFR post-HCT could 

potentially mitigate this risk.
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INTRODUCTION

Hematopoietic cell transplantation (HCT) is increasingly used as a curative therapy for 

patients with certain high-risk malignancies, with over 500,000 HCT survivors expected to 

be living in the United States by the year 2030.1 As more patients become long-term 

survivors, characterization of their health outcomes is critical to support their healthcare 

needs given the high prevalence of late complications.1–4 HCT survivors have greater rates 

of hospitalization and all-cause mortality compared with non-HCT cancer survivors, while 

both groups experience higher morbidity and mortality compared with the general 

population.5 Late kidney injury is a well-known complication of cancer and HCT treatment 

due to the use of nephrotoxic medications and therapies that can be compounded by 

additional patient-specific risk factors and co-morbidities.6–8 While patients with chronic 

kidney disease (CKD) can progress to kidney failure (previously known as end-stage renal 

disease (ESRD) or end-stage kidney disease (ESKD)), reduced kidney function without need 

for dialysis or kidney transplantation still carries greater risk for cardiovascular disease and 

other late morbidity and mortality.7,9 Previous studies in long-term kidney outcomes in HCT 

survivors have been limited by small sample sizes, lack of comparison groups, or reliance on 

dialysis or kidney transplant registries, which fail to capture the spectrum of kidney 

dysfunction.7,8,10,11 Additionally, it is unclear if HCT survivors experience a higher 

frequency of late kidney complications beyond those seen in non-HCT cancer survivors.

To address these current gaps in knowledge, we examined a cohort of long-term (≥2 years) 

allogeneic and autologous HCT survivors to characterize the general incidence and pattern 

of late kidney morbidity and mortality compared with a matched non-HCT cancer survivor 

cohort, as well as a matched general population sample.5,12 This population-based approach 

allowed us to compare the risk of serious kidney complications for each group. By 
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identifying the specific risk factors and patient subsets most likely to experience acute 

kidney failure or chronic kidney disease, we may be able to improve targeted screening and 

preventative measures for this high-risk population.13

METHODS

HCT Survivor and Comparison Cohorts

HCT survivors were treated at the Fred Hutchinson Cancer Research Center (FHCRC), a 

National Cancer Institute-designated comprehensive cancer center in Washington state. The 

FHCRC HCT database was screened to identify patients who received allogeneic and 

autologous HCT from 1992–2009 (n=7,108), survived ≥2 years post-transplant (n=4,081), 

and lived in Washington state (n=1,929) at time of HCT for underlying malignancy 

(n=1,792). Sex, race/ethnicity, pre-transplant diagnosis, and transplant-related exposures 

(donor type, stem cell source, conditioning regimen, chronic graft-versus-host-disease 

(cGVHD) status) were obtained from the FHCRC research database. In addition, serum 

creatinine values from pre-HCT and 1-year post-HCT were extracted from the research 

database for the subset of individuals with available laboratory data.

A comparison cohort of patients with cancer (non-HCT group) was identified from the 

Washington State Cancer Registry, a population-based cancer incidence registry affiliated 

with the National Program of Cancer Registries. Relapse status was not available from the 

registry. After excluding records of the FHCRC HCT survivors, remaining state residents 

with initial cancer diagnosis from 1992–2009 and survived ≥2 years were randomly selected 

and matched to HCT survivors on a 3:1 basis by sex and age at/year of cancer diagnosis/

HCT, as well as cancer diagnosis group (n=5,455). A separate non-cancer comparison cohort 

was drawn from the Washington State Department of Licensing (DOL) files for 1992–2009, 

excluding persons in the HCT or non-HCT groups. Subjects were randomly selected and 

matched to HCT survivors who were state residents and ≥16 years of age at HCT (n=1,634) 

on a 10:1 basis by sex and age at/year of driver’s licensing/HCT (n=16,340). State death 

records were screened to ensure that the comparison subjects did not die within 2 years 

following licensing. Study procedures were approved by the institutional review boards at 

FHCRC and the Washington State Department of Health.

Outcomes Ascertainment

To assess primary outcomes, we screened the Washington State Comprehensive Hospital 

Abstract Reporting System, containing up to 9 diagnosis codes (International Classification 

of Diseases, 9th revision [ICD-9]) for all hospital discharges from non-federal facilities 

during the years of study. Kidney-specific ICD-9 and equivalent ICD-10 diagnosis codes 

were divided into categories of acute kidney failure (AKF), chronic kidney disease (CKD), 

and an “all kidney disease” category that included AKF, CKD, unspecified kidney failure, 

and dialysis codes (Supplemental Table 1). We also examined the proportion of 

hospitalizations with kidney disease in all cohorts. Identifiers allowed for longitudinal 

tracking of individuals across multiple hospitalizations and linkage to outside data sources. 

To assess mortality, we screened the state death registry, which records the primary and up to 

six contributing causes of death (ICD-9 and 10th revision) and includes out-of-state deaths 
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for Washington residents. A sequential deterministic linkage strategy was used to link 

survivors and comparison subjects to hospital discharge and death records from 1992–

2011.5,14 Variables used for linkage included components of names, birth date, sex, zip 

code, county of residence, date of HCT and corresponding hospitalization, and date of death 

(if applicable). We then assigned linked ICD-9 and equivalent ICD-10 codes to major kidney 

outcome categories occurring ≥2 years after the index date (i.e., transplant for HCT group, 

cancer diagnosis for non-HCT group, and driver’s licensing date for DOL group).

Statistical Analysis

Follow-up of individuals without events was censored on December 31, 2011 or earlier if 

they died from any cause other than the specific outcome category examined. We reported 

the cumulative incidence rates of late kidney morbidity/mortality in the specific outcome 

categories per 1,000 person years at 5 and 10 years since the index date of HCT, cancer 

diagnosis, or driver’s licensing. We used Cox proportional hazard models to estimate the 

hazard ratios and associated 95% confidence intervals for each outcome between cohort 

groups.15 Proportional hazards assumptions were assessed using Schoenfeld residuals and 

log-log plots. Models were adjusted for sex and year of diagnosis/HCT. In analyses 

restricted to the HCT group, we stratified by allogeneic and autologous donor status and 

examined the contributions of sex, race/ethnicity, age at HCT, relapse of the original disease 

(within the first 2 years after HCT), history of cGVHD (allogeneic survivors only), and co-

morbidities of hypertension and diabetes noted by hospital discharge codes within the first 

two years of HCT. Additionally, in the sub cohort of HCT survivors with available 

laboratory data, we assessed the impact of estimated glomerular filtration rate (eGFR) at pre-

HCT and 1-year post-HCT on late morbidity/mortality from AKD and CKD. eGFR was 

calculated using the CKD-EPI creatinine equation.16–18 All analyses were performed using 

STATA, version 16 (StataCorp, College Station, TX).

RESULTS

The age and sex of the HCT survivor, non-HCT cancer survivor, and DOL comparison 

groups were similar by design (Table 1). The median age at HCT was 46 years vs. 49 years 

for the non-HCT group at cancer diagnosis and 48 years for the DOL group. Among 

individuals not deceased, the HCT group had a median follow up of 7.1 years vs. 7.2 and 7.7 

years for the non-HCT and DOL groups, respectively (range 2–20 for all groups). Among 

HCT survivors, 925 (51.6%) received an allogeneic transplant while 867 (48.4%) received 

an autologous transplant.

When the 5- and 10-year cumulative incidences of hospitalization or death due to AKF, 

CKD, and all kidney disease outcomes were examined (Figure 1; Table 2), rates among HCT 

and non-HCT survivors were both significantly increased compared with the DOL group 

(p<0.001). When we examined kidney diagnoses as a proportion of all hospitalization codes, 

kidney outcomes remained more common in the HCT cohort (14.5%) compared with the 

DOL cohort (9.4%, p<0.001). Cumulative incidence rates for AKF and CKD between HCT 

and non-HCT survivors were not significantly different at 5-years post-HCT (5.2% vs 5.0% 

(p=0.81) for AKF; 3.0% vs. 3.5% (p=0.34) for CKD). Similarly, there was no significant 
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difference in late outcomes between HCT and non-HCT survivors at 10-years post-HCT 

(9.4% vs. 7.7% (p=0.07) for AKF and 5.7% vs. 5.0% (p=0.31) for CKD). However, there 

was a suggestion of a divergence between the two groups after 5 years. For example, when 

the relative hazards between the HCT and non-HCT survivor groups were examined, HRs 

associated with kidney outcomes occurring within 5-years of the index time point were not 

significantly increased (Table 3). In contrast, HRs associated with outcomes occurring after 

five years showed a significantly increased risk associated with HCT status compared with 

non-HCT cancer survivors (HR 1.4 [95% CI 1.1–1.9] for AKF and HR 1.9 [95% CI 1.3–2.8] 

for CKD).

In analysis of risk factors among HCT survivors alone, allogeneic and autologous survivors 

who were older at the time of HCT had an increased hazard of late morbidity/mortality for 

both AKF and CKD (Table 4). A history of hypertension was also independently associated 

with an increased risk of kidney outcomes for both groups, with a 5-fold increased hazard of 

late morbidity/mortality from CKD. A history of cGVHD in allogeneic survivors was only 

borderline associated with late CKD complications (HR 2.5 [95% CI 0.9–7.2]; p=0.09). Of 

note, underlying diagnosis (hematologic malignancy vs. solid tumor), donor type (allogeneic 

vs. autologous), and receipt of total body irradiation were not associated with kidney 

outcomes.

When the subset of HCT survivors with laboratory data was examined, the proportion of 

allogeneic survivors with eGFR data at pre-transplant and 1-year was 98.2% and 84.8%, 

respectively. eGFR data were less complete for autologous HCT survivors at 1-year, with 

only 50.6% available. Overall, 67.4% of all HCT survivors with laboratory data had normal 

eGFR (≥90 mL/min/1.73m2) pre-transplant, while 26.9% had mildly decreased eGFR (60–

89 mL/min/1.73m2), and only 5.7% had CKD (eGFR <60 mL/min/1.73 m2; Supplemental 

Table 2). The distribution of kidney function in survivors changed from baseline to 1-year 

post-HCT (p<0.001), with the proportion with normal eGFR decreasing to 45.4% by 1-year 

post-HCT. Correspondingly, the proportion of survivors with eGFR <60 mL/min/1.73m2 

increased from 5.7% at baseline to 20.3% by 1-year post-HCT.

For HCT survivors with laboratory data available at 1-year post-HCT, decreased eGFR was 

associated with late morbidity/mortality from AKF (Supplemental Table 3). This was 

especially pronounced in patients who had received allogeneic transplants. The relative 

hazard associated with late AKF ≥2 years after allogeneic HCT was 5.3 (95% CI 2.1–13.2) 

in patients with 1-year post-HCT eGFR <60 mL/min/1.73m2 compared with patients with 

normal eGFR. In survivors of autologous HCT, the corresponding HR was 2.7 (95% CI 1.2–

6.3). In examination of late morbidity/mortality from CKD, we excluded all patients who 

already had eGFR <60 mL/min/1.73m2 at 1-year post-HCT. For survivors of allogeneic 

transplant, decreased eGFR (60–89 mL/min/1.73m2) at 1-year post-HCT was suggestive of 

an increased risk of late CKD complications ≥2 years from transplant compared with 

survivors with normal eGFR (HR 4.0 [95% CI 0.8–20.5]).
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DISCUSSION

Overall, we found that the risk for hospitalization or death from AKF or CKD continued to 

increase with time from HCT and exceeded that of non-HCT cancer survivors more than 5 

years after treatment. Specifically, HCT status was associated with 40% greater risk of late 

AKF complications and 90% greater risk of late CKD complications compared with non-

HCT survivors. This may reflect increased cumulative toxicity from HCT-related therapies 

contributing to greater kidney-related morbidity or mortality compared with conventional 

therapy. The relative differences between HCT and non-HCT survivors only became evident 

several years post-treatment, possibly related to slow progression in kidney dysfunction that 

does not appear to be fully explained by co-morbidities such as cGVHD. While few other 

studies have directly compared HCT survivors with non-HCT cancer survivors, one study in 

pediatric patients found that HCT survivors were nearly 4-times more likely to report serious 

or life-threatening chronic health conditions compared with non-HCT hematologic cancer 

survivors.19 The cumulative incidence of late CKD morbidity/mortality as defined in our 

study was similar to a long-term study estimating a cumulative incidence of CKD of 5.7% 

(95% CI 4.2–7.2) at 10-years post-HCT using a definition of eGFR <60mL/min/1.73m2.8 

Although acute kidney injury (AKI) commonly occurs in patients undergoing HCT, studies 

typically focus on AKI within the first 100 days after transplantation6,20–22; in contrast, our 

study found that HCT survivors remained at risk for acute kidney complications years after 

treatment. It is worth noting that various definitions of AKI/AKF and CKD have been used 

in the HCT literature, making comparisons between studies challenging.

In terms of risk factors, we found that older age at time of transplant and hypertension were 

associated with late kidney complications among HCT survivors, which have been noted in 

previous studies.13 Older patients, in addition to advanced age, often have co-morbid 

conditions that increase their risk for kidney injury.6,11,23 In a study of 1190 HCT survivors, 

Choi et al. similarly found that older age at transplant was associated with late development 

of CKD (RR per 5-year increment 1.33, 95% CI 1.2–1.5) at a median of 7 years post-HCT.8 

In our study, history of hypertension was an important risk factor for late AKF and 

particularly CKD complications (HR ~5) for both allogeneic and autologous HCT survivors. 

This is notable as hypertension represents one of the few modifiable risk factors in the 

development of CKD and related CV complications.6,7,24,25 In contrast to hypertension, 

history of diabetes was not associated with late kidney complications. Although we did not 

find an association between cGVHD status and late AKF complications, cGVHD was 

suggestive of an increased risk of late CKD complications. This association between 

cGVHD and CKD has been previously described,23,26 hypothesized to result from chronic 

systemic inflammation, antibody-mediated injury, or direct T-cell-mediated injury resulting 

in renal endothelial and tubular injury.6

Our study corroborated previous studies demonstrating that decreased eGFR occurs 

commonly following HCT and that survivors with lower eGFR experience a higher burden 

of late morbidity and mortality.7,23 This may be related to underlying kidney insufficiency or 

decreased kidney reserve following treatment.21 In our study, the majority (67.4%) of 

patients had normal kidney function pre-HCT but 20.3% developed eGFR <60mL/min/m2 

by 1-year post-HCT. Similarly, another cohort study found that 23% of HCT survivors 
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developed GFR <60mL/min/m2 during follow-up (median 191 days post-transplant, range 

131–516).23 While other studies have shown that kidney function generally stabilizes within 

the first few years following HCT,8,26,27 our study found that the risk for hospitalization or 

death with AKF, CKD, and other kidney issues continued to increase with time from HCT.

A previous prospective study conducted at our institution of 294 1-year HCT survivors 

concluded that the largest decrease in eGFR occurred with the first year post-HCT.28 This 

suggests that HCT survivors should be monitored closely for kidney dysfunction in the first 

year post-HCT. Unfortunately, prospective or randomized studies specific to HCT survivors 

are minimal, so most screening guidelines and recommendations are drawn from expert 

panels. Current screening guidelines for CKD in HCT survivors represent a consensus from 

the Center for International Blood and Marrow Transplant Research (CIBMTR), European 

Group for Blood and Marrow Transplantation (EBMT), and American Society for Bone 

Marrow Transplantation (ASBMT)/American Society for Transplantation and Cellular 

Therapy (ASTCT) and include at minimum yearly blood pressure screening and lab 

monitoring with urine protein and serum BUN/creatinine.13,29 For patients who develop 

albuminuria and elevated blood pressure, interventions such as angiotensin-converting-

enzyme (ACE) inhibitors and angiotensin-receptor blockers (ARBs)6,7 could be considered, 

particularly given the importance of hypertension as a risk factor for late kidney 

complications. In a small randomized controlled trial of HCT survivors treated with the ACE 

inhibitor captopril versus placebo, there was a trend towards higher eGFR at 1-year post-

HCT in the captopril group, although the study was limited by small number of enrollees 

and less than optimal adherence with the study drug.30 Other recommendations for 

management of progression and complications of CKD are generally drawn from experience 

with CKD in the general population.31 For high-risk groups such as HCT survivors, early 

referral to a nephrologist for evaluation and co-management can help prevent and treat 

complications of kidney dysfunction.13,29 Avoidance of additional nephrotoxic insults is also 

critical to avoid progressive kidney disease. Other interventional strategies for hypertension 

and other modifiable cardiovascular risk factors, such as dietary salt restriction, weight 

reduction, and regular exercise, may also mitigate long-term morbidity among survivors.
29,32,33

Our population-based study benefited from a relatively large number of HCT survivors and 

the presence of a matched non-HCT cancer comparison group. Additionally, the use of 

population-based administrative data eliminated potential response biases that may affect 

long-term studies relying on self-reported data.34,35 However, hospital discharge and death 

records may be incomplete or incorrectly coded, leading to misclassification, and patients 

must be hospitalized for their outcomes to be counted. Previous studies examining the 

accuracy of kidney disease ICD codes compared with diagnoses made from chart review 

have found that specificity is typically high (93–99%) but sensitivity can be variable (3–

88%), although ICD codes generally underestimate the true prevalence of kidney disease.
36,37 However, this inconsistency should apply to all three cohorts in our study, and any 

misclassification of our outcome measures should be non-differential, which should bias 

results towards the null. While we did not have access to ambulatory encounter data, we 

were unlikely to miss patients with significant AKF or CKD, including those patients 

requiring dialysis, as these problems would have likely been listed as diagnosis codes with 
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hospitalizations. Furthermore, our observation that kidney disease codes represented a 

greater proportion of all hospitalization codes among HCT survivors compared with the 

general population lends support to our overall finding of an increased risk of serious late 

kidney outcomes among HCT survivors. An additional limitation is that this study only 

included patients transplanted through 2009 and followed through 2011. Therefore, we do 

not have information on more recent changes in both cancer therapies and HCT conditioning 

regimens. Lastly, for the HCT survivor cohort, we lacked information on pre-HCT exposures 

that may have influenced late kidney disease, considering that a third of the patients with 

laboratory data already had abnormal eGFR pre-HCT.

CONCLUSIONS

We found that HCT survivors were at greater risk of being hospitalized with or dying from 

both acute and chronic kidney disease compared with non-HCT cancer survivors >5 years 

after HCT/cancer diagnosis. Overall, the risk for poor kidney outcomes continued to 

increase with time from HCT. Providers caring for long-term HCT survivors should be 

aware of these risks and consider early aggressive interventions for patients with high blood 

pressure, decreased eGFR, or other signs of kidney dysfunction, in order to mitigate late 

kidney morbidity and mortality.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

• Risk of poor kidney outcomes increases with time from hematopoietic cell 

transplant

• Transplant survivors matched with cancer survivors and general population 

cohort

• Transplant status associated with higher rates of acute and chronic kidney 

disease

• Early management of hypertension or kidney dysfunction can help mitigate 

risk
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FIGURE 1. 
Cumulative incidence of late morbidity/mortality for A) acute kidney failure, B) chronic 

kidney disease, and C) all kidney disease among HCT survivors (blue solid line), non-HCT 

matched cancer survivors (red dashed line), and DOL general population group (green 

dashed line)
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TABLE 1

Demographic and treatment characteristics of ≥2-year HCT, non-HCT cancer survivors, and general 

population (DOL) comparison group

Characteristic
HCT Non-HCT DOL

N=1,792 N=5,455
a

N=16,340
b

n (%) n (%) n (%)

Female 819 (45.7) 2,381 (43.6) 7,500 (45.9)

Race/ethnicity

 White non-Hispanic 1,504 (83.9) 4,543 (83.3) -

 Black 40 (2.2) 202 (3.7) -

 Hispanic 81 (4.5) 270 (4.9) -

 Asian 75 (4.2) 241 (4.4) -

 Other/unknown 92 (5.1) 199 (3.6) -

Age at index date, years
c

 <20 277 (15.5) 767 (14.1) 570 (3.5)

 20–39 376 (21.0) 934 (17.1) 4,100 (25.1)

 40–59 843 (47.0) 2,590 (47.5) 8,660 (53.0)

 ≥60 296 (16.5) 1,164 (21.3) 3,010 (18.4)

Year of index event

 1992–1999 520 (29.0) 1,417 (26.0) 4,480 (27.4)

 2000–2009 1272 (71.0) 4,038 (74.0) 11,860 (72.6)

Diagnosis category
d

 Hematologic malignancy 1,617 (90.2) 4,808 (88.1) -

 Non-hematologic solid tumor 175 (9.8) 647 (11.9) -

Donor type

 Autologous/syngeneic 867 (48.4) - -

 Related allogeneic 503 (28.1) - -

 Unrelated allogeneic 422 (23.5) - -

History of total body irradiation

 None 969 (54.1) - -

 <10 Gy 221 (12.3) - -

 ≥10 Gy 602 (33.6) - -

History of cGVHD
e 642 (36.1) - -

History of cancer relapse after index date 434 (24.2) - -

Died during the follow-up period 388 (21.7) 997 (18.3) 581 (3.6)

DOL, Department of Licensing; cGVHD, chronic graft versus host disease; HCT, hematopoietic cell transplantation

a
Matched on 3:1 basis by sex, and age at and year of HCT/cancer diagnosis to HCT survivors. Data on relapse status are not collected by the state 

cancer registry

b
Matched on 10:1 basis by sex, and age at and year of HCT/driver’s licensing to HCT survivors age ≥16 years at time of transplant. Race/ethnicity 

data not available
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c
Age at transplant (HCT survivors), initial cancer diagnosis (non-HCT cancer survivors), or driver’s licensing (general population)

d
A more detailed breakdown of diagnoses can be found in the Supplemental Table 1

e
Limited to those who required systemic immunosuppressive therapy (14 with unknown status)
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TABLE 2

Five- and ten-year cumulative incidence rates with 95% confidence intervals (CI) of kidney outcomes among 

HCT vs. comparison groups (non-HCT cancer survivors and the general population [DOL])

HCT Non-HCT DOL

Outcome No. 
events

5y (95% 
CI)

10y (95% 
CI)

No. 
events

5y (95% 
CI)

10y (95% 
CI)

No. 
events

5y (95% 
CI)

10y (95% 
CI)

Acute kidney 
failure

142 5.2 (4.2–
6.3)

9.4 (7.9–
11.2)

364 5.0 (4.4–
5.7)

7.7 (6.9–
8.6)

258 0.8 (0.7–
1.0)

1.8 (1.6–
2.1)

Chronic 
kidney 
disease

94 3.0 (2.3–
4.0)

5.7 (4.5–
7.1)

234 3.5 (3.0–
4.1)

5.0 (4.3–
5.7)

176 0.6 (0.4–
0.7)

1.2 (1.0–
1.4)

All kidney 
disease

190 6.9 (5.7–
8.2)

12.4 (10.6–
14.3)

510 7.3 (6.6–
8.1)

10.7 (9.8–
11.7)

367 1.2 (1.0–
1.4)

2.5 (2.2–
2.8)

DOL, Department of Licensing; HCT, hematopoietic cell transplantation
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TABLE 3

Relative hazards (HR) with 95% confidence intervals (CI) of kidney outcomes occurring between 2–5 and ≥5-

years among HCT vs. non-HCT survivors (referent group)*

Outcome 2–5 y ≥5y

HR (95% CI) HR (95% CI)

Acute kidney failure 1.1 (0.8–1.4) 1.4 (1.1–1.9)

Chronic kidney disease 0.9 (0.7–1.3) 1.9 (1.3–2.8)

All kidney disease 1.0 (0.8–1.2) 1.5 (1.2–1.9)

*
Models adjusted for sex and diagnosis year.
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TABLE 4

Relative hazards (HR) with 95% confidence intervals (CI) of kidney outcomes occurring 2–10 years post-HCT 

among allogeneic and autologous survivors*

Outcome / risk factor Allogeneic Autologous

HCT HCT

HR (95% CI) HR (95% CI)

Acute kidney failure

 Age at HCT
‡ 2.4 (1.5–3.7) 2.0 (1.3–2.9)

 History of post-HCT relapse 2.8 (1.5–5.1) 2.1 (1.1–4.0)

 History of hypertension 2.9 (1.7–5.0) 2.5 (1.3–4.7)

 History of diabetes 1.0 (0.4–2.4) 3.8 (1.5–9.2)

 History of cGVHD 1.4 (0.7–2.6) n/a

Chronic kidney disease

 Age at HCT
‡ 2.4 (1.3–4.3 1.8 (1.1–2.8)

 History of post-HCT relapse 0.9 (0.3–2.9) 1.3 (0.5–3.5)

 History of hypertension 5.2 (2.7–10.0) 4.8 (2.4–9.6)

 History of diabetes 0.7 (0.2–2.3) 1.3 (0.3–5.6)

 History of cGVHD 2.5 (0.9–7.2) n/a

cGVHD, chronic graft vs. host disease; n/a, not applicable

*
Models adjusted for all risk factors listed plus sex, race/ethnicity, and year of HCT.

‡
Calculated in 20-year increments
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