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Abstract

Introduction: Renal dysfunction is a recognized risk factor for mortality after allogeneic
hematopoietic cell transplantation (alloHCT). Yet, understanding of the effect of different levels of
renal dysfunction at time of transplant on outcomes remains limited. This study explores the
impact of different degrees of renal dysfunction on HCT outcomes and examines whether
utilization of incremental degrees of renal dysfunction based on estimated glomerular filtration
rate (eGFR) improve the predictability of the hematopoietic cell transplantation-comorbidity index
(HCT-CI).

Methods: Study population included two cohorts: cohort 1 with patients age 40 years and older
who received alloHCT for treatment of hematologic malignancies from 2008 to 2016 (N=13,505;
cohort selected given very low incidence of renal dysfunction in <40 years population) and cohort
2 with all patients on dialysis at the time of HCT (N=46). Estimated GFR was measured using
Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) method. Patients in cohort 1
were assigned into four categories: eGFR =90 mL/min (n=7062), eGFR 60-89 mL/min (n=5264),
eGFR 45-59 mL/min (n=897) and eGFR <45 mL/min (n=282) to assess the impact of degree of
renal dysfunction on transplant outcomes. Transplant outcomes in patients on dialysis at the time
of alloHCT were analyzed separately.

Results: eGFR <60 mL/min was shown to be associated with increased risk for non-relapse
mortality (NRM) and requirement for dialysis post-HCT. Compared to eGFR =90 group, HR for
NRM was 1.46 (p=0.0001) for eGFR 45-59 and 1.74 (p=0.004) for eGFR <45 group. Compared to
eGFR =90, eGFR 45-59 (HR 2.45, p<0.0001) and eGFR <45 groups (HR 3.09, p<0.0001) had
higher risks of renal failure requiring dialysis after alloHCT. In addition, eGFR <45 mL/min was
associated with an increased overall mortality (HR 1.63, p<0.0001). An eGFR-based revised HCT-
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Cl was also developed and was shown to be predictive of overall survival (OS) and NRM, with
predictive performance similar to the original HCT-CI. Among 46 patients on dialysis at alloHCT,
one-year probability of OS and NRM was 20% and 67%, respectively.

Conclusion: The degree of pre-transplant renal dysfunction is an independent predictor of OS,
NRM, and probability of needing dialysis after alloHCT. An eGFR-based HCT-CI is a validated

index in predicting outcomes in adults with hematologic malignancies undergoing alloHCT. The
outcomes of alloHCT recipients on dialysis are dismal. Therefore, one should strongly weigh the
significant risks of being on HD as a factor in determining alloHCT candidacy.

Keywords

Renal dysfunction; HCT-CI; allogeneic transplant; dialysis

INTRODUCTION

Allogeneic hematopoietic cell transplant (alloHCT) is a potentially curative option for a
variety of hematologic malignancies and non-malignant diseases. Due to the high risk of
morbidity and mortality, patients with significant renal impairment are often excluded from
receiving alloHCT2. Much of the excess transplant-related morbidity in patients with renal
dysfunction relates to the toxic effects of conditioning regimens, which have a narrow
therapeutic index, even when the renal function is normal2. Myeloablative conditioning
regimens are associated with significant morbidity and mortality in patients with advanced
renal dysfunction owing to the effect of renal function on conditioning agent
pharmacokinetics?. Advances in the field of alloHCT over the past decades such as
development of reduced-intensity and non-myeloablative conditioning regimens and
improved supportive care practices have allowed alloHCT in patients with comorbidities
which would otherwise have caused transplant-ineligibility3. Decisions regarding
conditioning intensity/regimen and post-transplant graft-versus-host disease (GVHD)
prophylaxis are often determined by patient’s performance status and underlying
comorbidities. Pre-transplant renal dysfunction is a recognized risk factor for mortality
following alloHCT and is included in the risk scoring indices used to predict posttransplant
mortality4-8, and yet data regarding the prognostic role of varying degrees of renal
impairment before HCT are limited.

Hematopoietic cell transplant-comorbidity index (HCT-CI) is a measure of health status at
the time of alloHCT based on the comorbidities present and has been incorporated into the
pre-HCT assessment to determine the risk of non-relapse mortality (NRM). Currently, pre-
transplant renal dysfunction defined by serum creatinine >2 mg/dL, requirement for dialysis
or history of kidney transplant is included in the HCT-CI model and is given a score of 2, as
the hazard ratio (HR) for mortality was 2.1 in these patients as described in the seminal
publication®. However, patients with pre-transplant serum creatinine >2 mg/dL and/or with
renal failure requiring dialysis uncommonly receive alloHCT. In addition, as the normal
serum creatinine value varies depending on the patient’s age, sex and race, a single serum
creatinine cutoff or the same range of values is not the most reliable method for identifying
suboptimal renal function in all patients. Therefore, a measure of renal function using
estimated Glomerular Filtration Rate (eGFR) that takes age, sex and race into account may
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provide a more accurate assessment of renal function than serum creatinine in the alloHCT
patient population. In addition, performing alloHCT in a patient on dialysis poses several
challenges. Several anecdotal reports and single center studies suggest that alloHCT for
dialysis-dependent patients may be feasible’10, However, these series are limited by the
small sample sizes.

The primary aim of this study was to evaluate the impact of severity of renal dysfunction
based on eGFR on outcomes after alloHCT. In addition, we examined whether utilization of
eGFR (rather than serum creatinine) as a measure of renal dysfunction improved the
discriminative capacity of an eGFR-based HCT-CI (vs. the original HCT-CI). Furthermore,
this study evaluated the outcomes after alloHCT in patients with renal impairment requiring
dialysis (at the time of alloHCT), with the objective of assessing feasibility and utilization of
transplantation in such patients.

METHODS

Data source

The CIBMTR® (Center for International Blood and Marrow Transplant Research®) is a
research collaboration between the National Marrow Donor Program®/Be The Match® and
the Medical College of Wisconsinll—. It comprises a voluntary working group of
approximately 420 centers worldwide that contribute detailed data on allogeneic and
autologous HCT and cellular therapies. Studies conducted by the CIBMTR are performed in
compliance with all applicable US federal regulations pertaining to the protection of human
research participants. Protected Health Information used in the performance of such research
is collected and maintained in CIBMTR’s capacity as a Public Health Authority under the
HIPAA Privacy Rule. The CIBMTR collects data pre-transplant, at 100 days and six months
post-transplant, annually until year 6 post-transplant and biannually thereafter until death.

Study population

Patients aged 40 years and older with hematologic malignancies who underwent first
alloHCT between January 2008 and December 2016 and had serum creatinine and eGFR
values reported prior to HCT were included in the cohort that was analyzed to evaluate the
impact of pre-HCT eGFR on post-transplant outcomes and in the development of eGFR-
based HCT-CI. Patients less than 40 years of age were excluded from this cohort due to low
incidence of renal dysfunction in patients <40 years. Patients receiving ex vivo T cell-
depletion or CD34* selected grafts were excluded. A second cohort of patients on dialysis at
the time of alloHCT was evaluated separately and included patients of all ages and with any
indication for alloHCT.

Statistical analysis

Based on pre-transplant eGFR using the Chronic Kidney Disease Epidemiology
Collaboration (CKD-EPI) method!2.13, patients were grouped into four categories: eGFR
=90 mL/min, eGFR 60-89 mL/min, eGFR 45-59 mL/min and eGFR <45 mL/min. Patients
on dialysis at the time of HCT were examined separately. Patient-, disease-and treatment-
related factors were compared using the Chi-square test for categorical and the Kruskall-
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Wiallis test for continuous variables. Kaplan-Meier curves were used to estimate the
probability of overall survival (OS). OS was defined as the time from alloHCT to death from
any cause or until last follow-up. Survivors were censored at last follow-up. NRM was
defined as death from any cause in continuous remission and any death within 28 days of
alloHCT and was summarized by cumulative incidence estimate with relapse as competing
risk. Relapse was summarized by cumulative incidence estimate with NRM as competing
risk. For relapse and NRM, patients in continuous complete remission were censored at last
follow-up. Acute and chronic GVHD were defined by the consensus criterial® 15,
Cumulative incidence was used to estimate the probability of acute and chronic GVHD,
hepatic sinusoidal obstruction syndrome (SOS), thrombotic microangiopathy (TMA),
idiopathic pneumonia syndrome (IPS) and need for dialysis post-transplant.

The overall study cohort (N=13,505) was randomly split at 60/40 into a training cohort
(n=8102) and a validation cohort (n=5403). In the discovery set, multivariable analysis of
overall mortality, NRM, disease relapse, GVHD, SOS, TMA, IPS and need for dialysis post-
transplant were performed using Cox proportional hazards model with renal dysfunction as
the main testing variable. Variables included in the multivariable analysis included patients’
age, gender, race, Karnofsky Performance Score (KPS), HCT-CI, graft source, donor type,
conditioning intensity, GVHD prophylaxis, and year of transplant. All variables were tested
for the affirmation of the proportional hazards assumption. Variables violating the
proportional hazards assumption were adjusted through stratification. Then a stepwise
forward and backward model building procedure was used to select the adjusted covariates
for each outcome separately with a threshold of 0.05 for both entry and stay in the model.

The main testing variables in this study include eGFR and a revised HCT-CI score. Based on
pre-transplant eGFR using the Chronic Kidney Disease Epidemiology Collaboration [(CKD-
EPI) method, eGFR = 141 x min(serum creatinine/k, 1)* x max(serum creatinine /K,
1)71-209 x 0,993A%¢ x 1,018 [if female] x 1.159 [if black], where k is 0.7 for females and 0.9
for males, alpha is —0.329 for females and —0.411 for males and serum creatinine is
measured in mg/dL12 13], patients were grouped into four categories; eGFR =90 mL/min
(eGFR =90, reference), eGFR 60-89 mL/min (eGFR 60-89), eGFR 45-59 mL/min (eGFR
45-59) and eGFR <45 mL/min (eGFR <45). A revised HCT-CI score was developed based
on eGFR and the score of the original HCT-CI minus the renal component (see details in the
Results section). The association of eGFR and the revised HCT-CI with transplant outcomes
were tested. This revised eGFR-based HCT-CI was also compared with the original HCT-CI
for prediction of NRM and OS using C-statistics. Patients on dialysis at time of HCT (n=46)
were not included in the above analysis.

Interactions between the main testing variables and the adjusted covariates were tested at the
significance level of 0.01. No significant interactions between the main testing variable and
the adjusted covariates were detected in any of the models. All p-values were two-sided. To
adjust for multiple testing, the significance level of 0.01 was used for association of a main
testing variable with an endpoint. The statistical software SAS version 9.4 (SAS Institute,
Cary, NC) was used for all the analyses.
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Baseline characteristics

Baseline characteristics of the main study cohort (h=13,505; excluding 46 patients on
dialysis at HCT, which formed a separate second cohort) are summarized in Table 1. Patients
in the main cohort were put into four groups based on pre-transplant eGFR: eGFR =90
mL/min (n=7062; reference group), eGFR 60-89 mL/min (n=5264), eGFR 45-59 mL/min
(n=897) and eGFR <45 mL/min (n=282). Fifty-two percent of patients had eGFR =90. The
patients with eGFR 60-89 comprised the second largest group at 39%, followed by eGFR
45-59 at 7%, and eGFR <45 at 2%. Patients with eGFR =90 were younger (median age, 56
years) compared to patients with eGFR 45-59 (median age, 64 years) and eGFR <45
(median age, 63 years). A higher proportion of the patients with eGFR =90 received
myeloablative conditioning (54%) compared to patients with eGFR <90 (38%, 33% and
31% for GFR 60-89, 45-59 and <45 groups, respectively). As expected, a higher proportion
of patients with eGFR <60 had HCT-CI scores =3 (57% and 55% for eGFR <45 and eGFR
45-60 groups, respectively) compared to the groups with eGFR =60 (47% and 42% for
eGFR 60-89 and eGFR =90, respectively). A higher proportion of patients with eGFR <45
mL/min also had history of cardiovascular disease, prior malignancy, and concomitant
diabetes. Calcineurin-inhibitor based GVHD prophylaxis was used more frequently in GFR
>60 groups (90% and 89% in GFR =90 and 60-89 groups, respectively) than in GFR <60
groups (81% and 84% in GFR 45-89 and <45 groups, respectively). Posttransplant
cyclophosphamide-based prophylaxis was used more commonly in eGFR <45 group (11 %
vs. 7-8% in GFR =45 groups). There were no major differences in gender, race, KPS,
refined disease risk index (R-DRI), graft source, donor type, among the groups. Median
follow up of survivors was at least 4 years since HCT (50, 49, 48 and 60 months for eGFR
>90, 60-89, 45-59 and <45 groups, respectively).

Effect of pre-transplant renal dysfunction on transplant outcomes

Multivariable analysis to assess the impact of renal dysfunction (as measured by eGFR) on
NRM and OS after adjusting for patient-and transplant-related variables based on the
training cohort is shown in Figure 1 and Tables 2-3. Decreased eGFR was independently
associated with an increase in NRM as illustrated by an increase in hazards of mortality with
lower eGFR groups (eGFR <60): compared to eGFR =90 group, HR for NRM was 1.12
(95% CI 0.99-1.26, p=0.07) for eGFR 60-89 group, 1.46 (95% CI 1.21-1.76, p=0.0001) for
eGFR 45-59 group, and 1.74 (95% CI 1.19-2.54, p=0.004) for eGFR <45 group. Similarly,
eGFR <45 mL/min was associated with significantly decreased OS. Compared to the eGFR
=90 group, the HR for mortality was 1.0 (95% CI 0.95-1.06, p=0.98) for eGFR 60-89 group,
1.17 (95% CI 1.02-1.34, p=0.03) for eGFR 45-59, and 1.63 (95% CI 1.33-2.01, p<0.0001)
for eGFR <45 group. Renal function at alloHCT was not significant risk factor for post-
transplant relapse (Supplemental Table 1).

Pre-transplant renal dysfunction and risk of GVHD and regimen-related toxicities

In multivariable analysis, the degree of renal dysfunction as measured by eGFR was not a
significant risk factor for the development of grade I1-1V acute or chronic GVHD
(Supplemental Table 2-3). Compared to eGFR =90 group, eGFR 45-59 (HR 2.45, 95% CI
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1.74-3.46, p<0.0001) and eGFR <45 groups (HR 3.09, 95% CI 2.0-4.78, p<0.0001) had
higher risks of renal failure requiring dialysis after alloHCT (overall p<0.0001;
Supplemental Table 4). Patients with HCT-CI score (excluding the renal component) of =5
also had an increased risk of dialysis-dependent renal failure after alloHCT than those with
HCT-CI score 0. Renal function prior to alloHCT was not found to be a significant predictor
for IPS, TMA and SOS (Supplemental Tables 5-7). Patients with eGFR <45 mL/min had an
HR of 2.6 for development of SOS (vs. GFR =90, p=0.03; overall p=0.02), with only 7
events in the group (n=167).

Development of an eGFR-based HCT-CI score

An eGFR-based HCT-CI score was developed based on eGFR using the training cohort
(Table 4). Based on the Cox model for NRM, integer scores of 0-9 were first assigned to the
0-9 levels of HCT-CI minus R (with renal component excluded). Then, by treating HCT-CI
minus R as a continuous variable, we compared the regression coefficients of eGFR with the
slope (as 1-unit increment) of the HCT-CI minus R and assigned scores of 0, 1,3 and 5 to
eGFR =90, eGFR 60-89, eGFR 45-59 and eGFR <45, respectively. For example, since the
slope of HCT-CI minus R was 0.1048 and the regression coefficient of eGFR 60-89 was
0.1127, a score of 1 was assigned to eGFR 60-89. For eGFR 45-59 with the regression
coefficient of 0.3769, a score of 3 was assigned (approximately 3 times that of the 0.1048
slope of HCT-CI minus R) to eGFR 45-59. The eGFR-based HCT-CI score was defined as
the sum of the assigned eGFR score and the score for the HCT-CI minus R. This newly
defined eGFR-based HCT-CI was then applied to the validation cohort to test its ability to
predict NRM and OS. The eGFR-based HCT-CI was also compared with the original HCT-
ClI for prediction of NRM and OS using C-statistics.

In the training data set, eGFR-based HCT-CI was shown to be significantly predictive for
both OS (p<0.0001) and NRM (p<0.0001) (Supplemental Tables 8-9). In multivariable
analysis of training data set, while patients with lower eGFR-based HCT-CI (1-2 vs. 0 for
0S, 1-3 vs. 0 for NRM) did not show significant differences in OS or NRM, patients with
eGFR HCT-CI =3 was associated with significantly decreased OS probability than those
with HCT-CI 0 and eGFR-based HCT-CI =4 was associated with significantly increased
NRM risk than those with HCT-CI 0. Similarly, in the validation set, eGFR-based HCT-CI
was shown to be predictive for OS (p=0.001) and NRM (p<0.0001). The eGFR-based HCT-
Cl scores of 1-5 (vs. score of 0) did not result in statistically significant increased HRs for
OS and NRM. However, eGFR-based HCT-CI score of =6 was independently associated
with an increase in NRM and decreased OS as illustrated by increase in HR for death with
higher scores (Supplemental Tables 10-11). Pairwise comparisons for eGFR-based HCT-CI
scores in multivariable models of OS and NRM using the validation data set showed that a
revised HCT-CI score of =2 (vs. 1) and =4 (vs. 1) increased the OS probability and NRM
risk, respectively (Supplemental Table 12-13).

Comparison of the eGFR-based HCT-CI and the original HCT-CI for prediction of outcomes
Statistical comparison between the two HCT-CI risk scores are summarized in Table 5. In
the training set excluding patients with normal renal function, the eGFR-based HCT-CI
index had similar c-statistic estimates for NRM (0.676) and OS (0.624) compared to the
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original HCI-CI (0.673 and 0.623, respectively). Similarly, in the validation set excluding
the patients with normal renal function, the eGFR-based HCT-CI index had similar c-
statistic estimates for NRM (0.686) and OS (0.638) than the original HCT-CI for TRM
(0.681 and 0.634, respectively). Comparison of outcomes stratified by the eGFR-based
HCT-CI and original HCT-CI are shown in Figure 2.

Outcomes of patients on dialysis at the time of transplant

Baseline characteristics of 46 patients on dialysis at the time of alloHCT are shown in Table
6. A majority of patients was younger than 30 years (52%), male (78%) and had KPS <90
(61%). The most common transplant indication was acute leukemia (46%) followed by non-
malignant hematologic disorders (22%). Twenty-eight percent patients received
myeloablative conditioning. Peripheral blood was the most common stem cell graft source
(65%). The most frequently used GVHD prophylaxis was calcineurin inhibitor-based (59%).
Median follow up of survivors was 36 months. Based on the univariate analysis (Table 7),
the probability of OS (n=46) at 1 year was 20% (95% CI, 10-32%) and 17% (95% ClI,
8-29%) at 3 years. In patients with malignancy as transplant indication (n=36), the
cumulative incidence of NRM at 1 year was 67% (95% Cl, 50-81%). The probability of
disease-free survival at 1 and 3 years was 11% (95% CI, 3-23%) and 7% (95% CI, 1-19%),
respectively. The most common causes of death in this cohort were organ failure (33%),
followed by primary disease (30%) and infection (25%).

DISCUSSION

This large observational study evaluated the association between the severity of pre-
transplant renal dysfunction as measured by eGFR and outcomes after alloHCT for
hematologic malignancies. Approximately nine percent patients in the main study cohort
had pre-transplant renal dysfunction as defined by eGFR <60 mL/min, including 0.33% with
pre-transplant serum creatinine >2 mg/dL. The study results demonstrated that decreased
eGFR before transplant is a determinant of post-transplant outcomes. More specifically,
eGFR <60 mL/min was independently associated with increased risks of NRM and overall
mortality after alloHCT and in addition, progressive increase in HR for death was observed
with decreased eGFR levels. The degree of renal dysfunction did not significantly affect the
rates of relapse, acute and chronic GVHD, IPS, TMA and SOS. However, an increased risk
of ESRD requiring dialysis was observed in the groups with eGFR <60 mL/min before
alloHCT. With the small number of events in the analysis for SOS risk, eGFR <45 group had
a 2.6-fold risk (compared to eGFR =90) but did not meet statistical significance. It is
plausible that an analysis with a larger sample size (of patients with eGFR <45) with
adequate number of events may have the power to detect significant differences in SOS risk
with eGFR groups.

The study results add to the data supporting the role of alloHCT in patients with hematologic
malignancies and baseline renal dysfunction. Prior studies have evaluated the impact of
pretransplant renal impairment on alloHCT outcomes and have been mainly limited by
smaller sample sizes16-19, In a small study (n=13), Kersting et a/. reported that patients with
eGFR <60 mL/min could be safely offered non-myeloablative transplant (with fludarabine
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and total bodly irradiation as conditioning)’. In a single center study of 141 patients with
acute myeloid leukemia and myelodysplastic syndrome undergoing alloHCT with
fludarabine and melphalan (Flu/Mel)-based reduced intensity conditioning (RIC), mild-to-
moderate renal dysfunction (eGFR <60 mL/min) was not associated with worse OS and
NRM16. On account of a homogenous study population and use of Flu/Mel, which is not
markedly nephrotoxic, these results may not apply to other conditioning regimens. A study
by Shouval et al. evaluating the ability of physiological biomarkers to predict transplant-
related risks in 1217 alloHCT recipients showed that eGFR <60 mL/min was predictive of
NRM, consistent with our results?®.

Since the degree of renal dysfunction independently predicted NRM and overall mortality
risks, we sought to modify the HCT-CI as a risk assessment tool by using different levels of
renal impairment (as reflected by different eGFR cutoffs) to examine the utility of eGFR-
based HCT-CI in alloHCT recipients. The analysis demonstrated that eGFR-based HCT-CI
was a strong predictor of NRM and OS among recipients of alloHCT, even though eGFR-
based HCT-CI did not improve upon the predicative ability of the original HCT-CI. In an
effort to improve the predictive performance of the HCT-CI, several other studies have
proposed adding other pretransplant physiological biomarkers including albumin and eGFR
to the original HCT-CI. Although both eGFR and albumin level were shown in these studies
to be independently predictive of NRM and 0S2%: 21 similar to our study, addition of these
biomarkers individually to the HCT-CI have failed to show significant improvement in HCT-
CI performance.

Renal injury remains a frequent post-transplant complication with progression to end-stage
renal disease (ESRD) observed in up to 4% of patients with chronic kidney disease?2-24. In
the current study, pre-transplant renal dysfunction (eGFR <60 mL/min) was found to be an
independent risk factor for ESRD requiring dialysis after alloHCT. Prior reports have shown
a dramatic decline in eGFR, typically during the first year of HCT2. The ability of the pre-
transplant eGFR to predict the risk of ESRD requiring dialysis after alloHCT is an important
finding, and it underscore the importance of identifying patients at risk for ESRD and
developing a preventative strategy in patients with eGFR <45 mL/min.

The study results also provide a benchmark for outcomes in patients on dialysis at the time
of HCT as shown in the heterogeneous and highly selected second cohort, with a one-year
survival of 20%. More than half the patients in this cohort were less than 30 years (median
age, 27 years). In a subset of 36 patients with hematologic malignancies receiving alloHCT,
3-year probability of disease-free survival of 7% (indicating relapse or NRM in the
remaining 93%) highlights the remarkably dismal prognosis associated with ESRD requiring
dialysis before alloHCT. Our results are in line with the previous single center case series of
6 alloHCT recipients on either hemodialysis or peritoneal dialysis at the time of transplant
which revealed an exceedingly high mortality rate (one-year mortality of 83%)°. Mortality in
this cohort was largely related to regimen-related toxicity and infections, rather than primary
disease.

Given its retrospective nature, there are limitations to this study, including lack of detailed
granular information like the dosing of conditioning regimens and GVHD prophylaxis and if
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they were adjusted for pre-transplant serum creatinine or eGFR. The data on etiology, timing
(with regards to HCT) and reversibility of renal dysfunction were not captured in the registry
data set. While it is impressive that 32.7% patients with eGFR <60 mL/min received
myeloablative conditioning, only 6.2% of myeloablative regimen recipients had pre-
transplant eGFR <60 mL/min (including 1.4% for eGFR <45 mL/min). In contrast, the
proportion of patients receiving RIC plus non-myeloablative conditioning and with eGFR
<60 mL/min was 10.9% (including 2.7% for eGFR <45 mL/min). These low proportions are
likely reflective of the reluctance of the transplant physicians in offering allogeneic HCT to
patients with renal dysfunction. Given that baseline data are not captured in the registry for
patients not receiving alloHCT, the proportion of patients with renal impairment not
proceeding to alloHCT and of those deemed transplant-ineligible owing to renal dysfunction
could not be estimated. In the small heterogeneous cohort of patients on dialysis with several
disease indications for transplant and lack of information on chronology and indication for
dialysis, we could not determine the risk factors associated with significantly worse
outcomes. The large data set from large number of centers, however, adds to the
generalizability of the study results.

Posttransplant complications such as GVHD are more challenging to prevent and manage in
alloHCT patients with renal impairment: pharmacokinetics and pharmacodynamics of
various drugs including GVHD prophylaxis agents may vary significantly in the setting of
renal dysfunction®. The renal vasoconstricting and profibrotic effects of calcineurin
inhibitors (cyclosporine and tacrolimus) are less well-tolerated in the setting of chronic
kidney disease and may result in worsening renal function?. Approximately 89% of this
study cohort (79% of patients with eGFR <60) received calcineurin inhibitor-based GVHD
prophylaxis. While the results do not show an interaction between eGFR and GVHD
prophylaxis for transplant outcomes, the impact of renal dysfunction on transplant outcomes
in the setting of calcineurin inhibitor-free GVHD prophylaxis would need further
evaluation26: 27, Post-transplant cyclophosphamide (ptCy)-based calcineurin inhibitor-free
GVHD prophylaxis has been evaluated in prospective clinical trials of HLA-identical donor
and mismatched donor transplants28-31, However, it remains to be seen if it has a renal-
sparing effect in patients with eGFR <60 mL/min. Furthermore, T-cell depletion with CD34*
selected donor graft (ex vivo) or anti-thymocyte globulin or alemtuzumab (7n vivo) also
represent GVHD prevention approaches uninfluenced by renal function®: 2 Efficacy and
safety of ptCy (calcineurin inhibitor-free prophylaxis, with bone marrow graft) and ex vivo
CD34" selected graft from HLA-identical donors are being investigated in a large
prospective randomized controlled trial?®. Further studies are needed to refine the dosing of
conditioning regimens and optimize calcineurin inhibitor-free GVHD prophylaxis in order
improve the outcomes of alloHCT recipients with baseline renal insufficiency.

In conclusion, the study results establish the role of pre-transplant renal dysfunction, as
reflected by eGFR of less than 60 mL/min, in predicting the risk of NRM and overall
mortality in alloHCT recipients aged 40 years and older with hematologic malignancies.
These data afford benchmarking for future studies in alloHCT recipients with baseline renal
dysfunction and provide a measure of transplant outcomes in these patients against which
non-transplant options could potentially be weighed. While the results demonstrate
significantly increased NRM and overall mortality in patients with eGFR <60 mL/min, the

Transplant Cell Ther. Author manuscript; available in PMC 2022 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Farhadfar et al.

Page 11

results should inform clinical practice in considering and undertaking alloHCT for these
patients, if the alternative treatment is expected to produce worse survival outcomes. In
addition, this analysis demonstrated the validity of eGFR-based HCT-CI in predicting
outcomes in alloHCT patients. The outcomes in patients on dialysis at the time of transplant
are, however, dismal: in patients with hematologic malignancies, alternative approaches
should be considered in lieu of alloHCT given the probability of long-term disease-free
survival being <10%. With rare exceptions (such as combined marrow-kidney

transplant32: 33 and possibly non-malignant disease indications in young patients), alloHCT
should be considered a contraindication in ESRD patients requiring dialysis and it should
ideally be conducted in the setting of a clinical trial with the objective of improving safety of
HCT in this group of patients.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Table 1.

Characteristics of adults age 40 or older with hematologic malignancies who underwent first allogeneic HCT
between 2008 and 2016
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Level of renal function
N (%)

Variable (eGFR <45) | (eGFR 45-59) | (eGFR 60-89) | (eGFR =90)
Number of patients 282 897 5264 7062
Number of centers 88 127 165 172
Patient-related
Recipient age, median (range) 63 (40-82) 64 (40-78) 62 (40-83) 56 (40-78)
Male 146 (51.8) 509 (56.7) 3269 (62.1) | 4092 (57.9)
Karnofsky performance score

90-100 136 (48.2) 478 (53.3) 3063 (58.2) | 4055 (57.4)

<90 139 (49.3) 396 (44.1) 2079 (39.5) | 2874 (40.7)

Missing 7(2.5) 23 (2.6) 122 (2.3) 133 (1.9)
Race

White 253 (89.7) 811 (90.4) 4794 (91.1) | 6007 (85.1)

Black or African American 19 (6.7) 44 (4.9) 246 (4.7) 535 (7.6)

Asian 8(2.8) 28 (3.1) 174 (3.3) 429 (6.1)

Others 2(0.8) 14 (1.6) 50 (0.9) 91 (1.3)
Ethnicity

Hispanic or Latino 12 (4.3) 26 (2.9) 198 (3.8) 492 (7)

Not Hispanic or Latino 256 (90.8) 829 (92.4) 4834 (91.8) | 6176 (87.5)

Missing 14 (5.0) 42 (4.6) 232 (4.4) 394 (5.6)
HCT-CI

0 55 (19.5) 163 (18.2) 1227 (23.3) | 1886 (26.7)

1 25 (8.9) 109 (12.2) 686 (13) 1015 (14.4)

2 19 (6.7) 104 (11.6) 729 (13.8) 949 (13.4)

>3 160 (56.9) 494 (55.0) 2466 (47.0) | 2995 (42.4)

Missing 23(8.2) 27 (3) 156 (3) 217 (3.1)
Serum creatinine

<2 mg/dL 237 (84) 897 5264 7062

>2 mg/dL 45 (16) 0 0 0
Cardiac comorbidity

No 217 (77) 744 (83) 4391 (83) 6073 (86)

Yes 49 (17) 125 (14) 718 (14) 765 (11)

Missing 16 (6) 28 (3) 155 (3) 224 (3)
Cerebrovascular disease

No 258 (91) 839 (94) 4958 (94) 6717 (95)

Yes 8(3) 27 (3) 148 (3) 122 (2)
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Level of renal function

N (%)
Variable (eGFR <45) | (eGFR 45-59) | (eGFR 60-89) | (eGFR =90)
Missing 16 (6) 31(3) 158 (3) 223 (3)
Diabetes
No 215 (76) 734 (82) 4492 (85) 6074 (86)
Yes 51 (18) 135 (15) 618 (12) 768 (11)
Missing 16 (6) 28 (3) 154 (3) 220 (3)
History of prior malignancy (solid tumor)
No 192 (68) 634 (71) 3955 (75) 5653 (80)
Yes 79 (28) 247 (28) 1186 (23) 1221 (17)
Missing 11 (4) 16 (2) 123 (2) 188 (3)
Disease-related
Disease
AML 98 (34.8) 284 (31.7) 1849 (35.1) | 3058 (43.3)
ALL 5(1.8) 38 (4.2) 269 (5.1) 649 (9.2)
MDS 76 (27) 319 (35.6) 1718 (32.6) | 1593 (22.6)
MPN/CML 31 (11) 108 (12) 485 (9.2) 579 (8.2)
NHL/HL 44 (15.6) 85 (9.5) 518 (9.8) 708 (10)
Others 28 (10.0) 63 (7.0) 428 (8.1) 475 (6.8)
Refined disease risk index
Low 21 (7.4) 57 (6.4) 478 (9.1) 705 (10)
Intermediate 150 (53.2) 467 (52.1) 2738 (52) 3828 (54.2)
High 84 (29.8) 318 (35.5) 1796 (34.1) | 2148 (30.4)
Very high 17 () 32(3.6) 144 (2.7) 251 (3.6)
Missing 10 (3.5) 23 (2.6) 108 (2.1) 130 (1.8)
Previous autologous transplant
No 242 (85.8) 803 (89.5) 4938 (93.8) | 6623 (93.8)
Yes 36 (12.8) 78 (8.7) 294 (5.6) 394 (5.6)
Missing 4(1.4) 16 (1.8) 32(0.6) 45 (0.6)
Transplant-related
Conditioning regimen intensity
Myeloablative 87 (30.9) 295 (32.9) 2024 (38.4) | 3796 (53.8)
RIC 130 (46.1) 422 (47) 2183 (415) | 2232(31.6)
NMA 65 (23) 179 (20) 1041 (19.8) | 1015 (14.4)
Missing 0 1(0.1) 16 (0.3) 19 (0.3)
Graft source
Bone marrow 26 (9.2) 90 (10) 569 (10.8) 813 (11.5)
Peripheral blood 229 (81.2) 713 (79.5) 4166 (79.1) | 5381 (76.2)
Umbilical cord blood 27 (9.6) 94 (10.5) 529 (10) 867 (12.3)
Donor type
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Level of renal function

N (%)

Variable (eGFR <45) | (eGFR 45-59) | (eGFR 60-89) | (eGFR =90)
HLA-identical sibling 66 (23.4) 239 (26.6) 1285 (24.4) | 2010 (28.5)
Other related (=7/8 match) 17 (6) 75 (8.4) 402 (7.6) 569 (8.1)
Other related (<6/8 match) 10 (3.5) 13 (1.4) 92 (1.7) 114 (1.6)
Well-matched unrelated (8/8) 127 (45) 387 (43.1) 2426 (46.1) | 2706 (38.3)
Partially-matched unrelated (7/8) 22 (7.8) 72 (8) 430 (8.2) 612 (8.7)
Mis-matched unrelated (<6/8) 2(0.7) 3(0.3) 16 (0.3) 35(0.5)
Cord blood 27 (9.6) 94 (10.5) 529 (10) 867 (12.3)
Missing 11 (3.9) 14 (1.6) 84 (1.6) 149 (2.1)

GVHD prophylaxis
Post-CY +/- other(s) 30 (10.6) 70 (7.8) 381 (7.3) 461 (6.5)
Calcineurin inhibitor-based 236 (83.7) 797 (80.7) 4704 (89.3) 6377 (90.3)
Other(s)® 7(2.5) 19 (2.1) 88 (1.7) 112 (1.6)
Missing 9(3.2) 11 (1.2) 91 (1.7) 112 (1.6)

ATG/alemtuzumab
ATG and/or alemtuzumab 78 (27.7) 234 (26.1) 1507(28.6) 1886 (26.7)
No ATG or alemtuzumab 204 (72.3) 662 (73.8) 3753 (71.3) 5170 (73.2)
Missing 0 1(0.1) 4(0.1) 6(0.1)

Year of transplant
2008-2011 110 (39) 292 (32.6) 1952 (37.1) | 2873 (40.7)
2012-2016 172 (61) 605 (67.4) 3312 (62.9) | 4189 (59.3)

Median follow-up of survivors (range), months 60 (3-124) 48 (3-126) 49 (3-125) 50 (3-126)
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JOther conditioning regimens: Flu + TBI: n=787, TBI + other: n=288, Flu + Cy: n=307, TLI + other: n=141, Bu * other: n=139, Flu * other: n=82,
BEAM: n=79, Mel * other: n=75, Cy * other: n=21, BuMel: n=10, Cytarabine + other: n=3, Pentostatin alone: n=2, Emiddleoside alone: n=2

2 . - Lo
Other GVHD prophylaxis: MMF + sirolimus + other: n=83; sirolimus + other: n=21; other: n=122

Hypothesis testing: & Kruskal-Wallis test b pearson chi-square test
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Table 2.
Multivariate analysis of impact of renal dysfunction measured by eGFR on overall survival in discovery
cohort.

Factor Count | Event | HR 95% ClI P-value

Renal function groups <.0001
GFR 290 4234 2390 1
GFR 60-89 3157 1858 1| (0.95,1.06) 0.98
GFR 45-59 537 336 | 1.17 | (1.02,1.34) 0.03
GFR <45 169 124 | 1.63 | (1.33,2.01) <.0001

HCT-CI (excluding renal function) <.0001
0 1995 1061 1
1 1086 594 | 1.08 | (0.97,1.21) 0.16
2 1118 601 | 1.11 | (0.97,1.28) 0.13
3 1445 842 | 1.18 | (1.07,1.29) | 0.0006
4 908 564 | 1.26 | (1.12,1.42) 0.0001
5 557 358 15 | (1.33,1.7) <.0001
6 371 247 15 | (1.24,1.82) <.0001
7 200 148 | 1.81 | (1.46,2.24) | <.0001
8 98 85 3| (2.32,3.88) <.0001
9+ 77 57 | 1.8 | (1.31,2.49) | 0.0003

Patient age <.0001
40-49 1637 871 1
50-59 2782 1589 | 1.18 | (1.07,1.31) 0.001
60-69 3084 | 1876 | 1.33 | (1.18,1.49) | <.0001
270 594 372 | 148 | (1.27,1.73) <.0001

Donor age (HLA-identical sibling or other relative; years) 0.0083
<18 18 6 1
18-29 2294 1242 | 1.86 | (0.83,4.17) 0.13
30-39 1265 731 | 2.05 | (0.91,4.6) 0.08
40-49 1221 708 | 2.16 | (0.96,4.87) 0.06
=50 2090 1215 | 2.29 | (0.99, 5.27) 0.05

Donor type <.0001
HLA-identical sibling 2176 1206 1
Haploidentical 638 343 1.2 | (1.01, 1.44) 0.04
Other related 147 94 1 1.33 | (1,1.78) 0.05
Well-matched unrelated 3355 1884 | 1.19 | (1.05,1.34) 0.007
Partially-matched unrelated 671 441 | 1.44 | (1.24,1.69) <.0001
Mis-matched unrelated 33 26 | 1.85 | (1.28,2.67) 0.001
Unrelated (matching unknown) 95 48 | 1.48 | (1.06, 2.06) 0.02
Cord blood 919 625 | NA
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Factor Count | Event | HR 95% ClI P-value
DRI-R groupings <.0001
Low 763 363 1
Intermediate 4350 2300 | 1.19 | (1.04,1.38) 0.01
High 2560 | 1744 | 1.9 | (1.62,2.23) | <.0001
Very high 252 186 | 2.69 | (2.08,3.47) | <.0001
Karnofsky performance score <.0001
90-100 4671 2552 1
<90 3254 2053 | 1.26 | (1.16,1.37) <.0001
Missing 172 103 | 1.12 | (0.87,1.44) 0.37
Previous autologous transplant 0.06
No 7567 4364 1
Yes 465 295 | 1.14 | (0.98,1.32) 0.09
Missing 65 49 | 1.45 | (0.98,2.14) 0.06
Year of transplant <.0001
2008-2011 3141 2111 1
2012-2016 4956 2597 | 0.81 | (0.75,0.87) <.0001

Page 20

Note: stratified variables: graft type, conditioning regimen, conditioning regimen intensity, disease group, ATG/Campath, GVHD prophylaxis.

NA, not applicable.
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Table 3.
Multivariate analysis of impact of renal dysfunction measured by eGFR on non-relapse mortality in discovery
cohort.
Factor Count | Event | HR 95% ClI P-value
Renal function groups <.0001
GFR 290 3188 693 1
GFR 60-89 2532 617 | 1.12 (0.99, 1.26) 0.07
GFR 45-59 436 126 | 1.46 (1.21, 1.76) 0.0001
GFR < 45 138 49 | 1.74 (1.19, 2.54) 0.004
HCT-CI (excluding renal function) <.0001
0 1560 330 1
1 825 179 | 1.21 | (1.01,1.45) 0.04
2 848 185 | 1.13 (0.89, 1.45) 0.31
3 1126 258 | 1.18 | (0.96, 1.45) 0.12
4 686 176 | 1.41 (1.1,1.82) 0.008
5 426 98 | 1.38 | (1.07,1.79) 0.01
6 305 88 | 1.87 (1.36, 2.56) 0.0001
7 164 53 | 2.02 (1.4,2.92) 0.0002
8 86 38 | 4.66 (3.22, 6.76) <.0001
9+ 59 18 | 2.32 (1.39, 3.88) 0.001
Patient age 0.01
40-49 1204 255 1
50-59 2137 525 | 1.27 (1.06, 1.52) 0.008
60-69 2475 581 | 1.43 | (1.15,1.77) 0.001
270 478 124 | 1.67 (1.2,2.32) 0.002
Conditioning intensity <.0001
Myeloablative 2683 714 1
RIC 2427 538 | 0.64 (0.51, 0.8) 0.0001
NMA 1167 230 | 0.51 (0.38, 0.69) <.0001
Donor age (HLA-identical sibling or other relative; years) 0.003
<18 14 2 1
18-29 1833 422 | 1.07 (0.15, 7.83) 0.95
30-39 983 239 | 111 (0.15,8.2) 0.92
40-49 928 208 13 (0.18, 9.55) 0.80
=50 1665 339 | 1.57 | (0.21,11.88) 0.66
Donor type <.0001
HLA-identical sibling 1718 301 1
Haploidentical 473 99 1.8 (1.37,2.38) <.0001
Other related 126 26 | 211 (1.25, 3.54) 0.005
Well-matched unrelated 2648 651 | 2.01 (1.66, 2.43) <.0001
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Factor Count | Event | HR 95% ClI P-value
Partially-matched unrelated 502 152 | 2.56 (2.02, 3.25) <.0001
Mis-matched unrelated 29 10 | 2.14 (1.17,3.92) 0.01
Unrelated (matching unknown) 71 14 | 2.25 (1.15,4.4) 0.02
Cord blood 664 214 | 3.3 | (0.44,24.92) 0.25

Patient ethnicity 0.003
Hispanic or Latino 364 86 1
Not Hispanic or Latino 5651 1330 | 0.94 (0.71, 1.23) 0.64
Non-resident of the U.S. 216 57 | 1.96 (1.19, 3.24) 0.009

Karnofsky performance score 0.0001
90-100 3586 791 1
<90 2570 653 | 1.36 (1.19, 1.55) <.0001

Year of transplant <.0001
2008-2011 2429 687 1

2012-2016 3865 798 0.7 (0.6,0.81) <.0001

Note: stratified variables: DRI-R groupings, disease group, conditioning regimen, GVHD prophylaxis.
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Estimates used to build eGFR-based HCT-CI in discovery cohort

Table 4.

Page 23

Factor Count | Event | B g(iiﬁ) 95% ClI P-value | Score
Renal function groups 0.0001
eGFR 290 3188 693 | 0.0000 1.0 0
eGFR 60-89 2532 617 0.1127 1.15 (0.99, 1.26) 0.07 1
eGFR 45-59 436 126 0.3769 1.43 (1.21,1.76) | 0.0001 3
eGFR <45 138 49 0.5544 1.70 (1.19, 2.54) 0.004 5
HCT-CI minus renal function (continuous) | 6085 1423 | 0.1048 111 (1.08,1.14) | <0.0001 | 1 unit

NOTE:
1

"HCT-CI groups in the above models is calculated without accounting for the renal function question currently asked for the original HCT-CI. No
significant interaction between eGFR and HCT-CI was found for non-relapse mortality (NRM). Patients missing HCT-CI were excluded.

By treating HCT CI (minus renal function) as a continuous variable, it has a slope of 0.105. If we treat 0.105 as one unit increment, then 0.1127,
0.3769 and 0.5544 correspond to roughly 1-, 3- or 5-units increment, respectively.
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Comparisons between original HCT-CI and eGFR-based HCT-CI for prediction of non-relapse mortality

Table 5.

(NRM) and overall survival (OS) in the training and validation set

Qutcomes Original HCT-CI | eGFR-based HCT-CI
Non-relapse mortality
c-statistics training set (entire cohort) N=8102 0.6774 0.6801
c-statistics validation set (entire cohort) N= 5403 0.6791 0.6823
c-statistics training set (subset with renal dysfunction ") N=4237 0.6735 0.6761
c-statistics validation set (subset with renal dysfunction ) N=2825 0.6805 0.6855
Overall survival
c-statistics training set (entire cohort) N=8102 0.6251 0.6252
c-statistics validation set (entire cohort) N= 5403 0.6277 0.6289
c-statistics training set (subset with renal dysfunction ) N=4237 0.6225 0.6242
c-statistics validation set (subset with renal dysfunction ) N=2825 0.6339 0.6379
*Renal dysfunction is defined as estimated glomerular filtration rate (eGFR) < 89.

Note: There was no statistically significant differences between original HCT-CI and eGFR-based eGFR.

Transplant Cell Ther. Author manuscript; available in PMC 2022 May 01.

Page 24



Farhadfar et al. Page 25

Table 6.

Characteristics of patients on dialysis at time of allogeneic HCT from 2008-2016
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Variable N (%)
Number of patients 46
Number of centers 35
Patient related
Recipient age, median (range) 27 (<1-70)
Male 36 (78)
Karnofsky performance score
90-100 13 (28)
<90 28 (61)
Missing 5(11)
Race
White 28 (61)
Black or African American 12 (26)
Asian 3(7)
Native American 1(2)
Missing 2(4)
HCT-CI
2 3(7)
3 8(17)
4 5(11)
5+ 21 (46)
Missing 9 (20)
Disease related
Disease
AML 13 (28)
ALL 8(17)
MDS/MPN 9(20)
NHL/HL 3(7)
MM/PCD 2(4)
CML 1(2)
Non-malignant hematologic disease2 10(22)
Transplant related
Number of alloHCT
st allo 30 (65)
2nd or greater allo 16 (35)
Conditioning regimen intensity
Myeloablative 13 (28)
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Variable N (%)
RIC 13 (28)
NMA 12 (26)
No conditioning 7 (15)
Missing 1(2)

Graft source
Bone marrow 7 (15)
Peripheral blood 30 (65)
Umbilical cord blood 9 (20)

Donor type
HLA-identical sibling 5(11)
Twin 2(4)
Other related (=7/8 match) 15 (33)
Other related (<6/8 match) 1(2)
Well-matched unrelated (8/8) 6 (13)
Partially-matched unrelated (7/8) 4(9)
Unrelated (matching indeterminable) 3(7)
Cord blood 9 (20)
Missing 1(2)

GVHD prophylaxis
ex-vivo T-cell depletion 6 (13)
CD34 selection 2(4)
Post-CY + other(s) 4(9)
TAC +- others 17 (37)
CSA +- others 10 (22)
Other(s)® 2(4)
Missing 5(11)

ATG/alemtuzumab
ATG alone 15 (33)
Alemtuzumab alone 2(4)
No ATG or Alemtuzumab 24 (52)
Missing 5(11)

Year of transplant
2008-2011 15 (33)
2012-2016 31 (67)

Median follow-up of survivors (range), months | 36 (13-120)

'ZMissing pre-TED: These cases did not have pre-TED triggered as they had a second allogeneic transplant where the pre-TED was not required a
second time.

2Non—maliqnant indications: Severe aplastic anemia: n=4; Schwachmann-Diamond: n=1, Diamond-Blackfan anemia: n=1, Omenn syndrome: n=1;
Wiskott Aldrich syndrome: n=1, Leukocyte adhesion deficiency: n=1; SCID: n=1
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3Other GVHD prophylaxis: MMF + sirolimus: n=1; MMF +- other: n=1

Abbreviation: HCT, hematopoietic cell transplantation; Cl, comorbidity index; AML, acute myeloid leukemia; ALL, acute lymphoblastic leukemia;
MDS, myelodysplastic syndrome; MPN, myeloproliferative neoplasm; CML, chronic myeloid leukemia; NHL, non-Hodgkin lymphoma; HL,
Hodgkin lymphoma, RIC, reduced-intensity conditioning; NMA, nonmyeloablative regimen; MM, multiple myeloma; PCD, plasma cell disorder;
Cy, cyclophosphamide; TBI, total body irradiation; Bu, busulfan; Flu, fludarabine; Mel, melphalan; CB, cord blood; TAC, tacrolimus; MMF,
mycophenolate mofetil; MTX, methotrexate; CSA, cyclosporine; ATG, anti-thymocyte globulin
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Table 7.

Univariate analysis: Transplant outcomes for patients on hemodialysis (HD) at time of allogeneic HCT (N=46)
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Outcomes N Eval | Prob (95% CI)
Overall survival 46

1-year 20 (10-32)%

3-year 17 (8-29)%
Relapse (malignant disease only) 36

1-year 22 (10-38)%

3-year 26 (12-43)%
NRM (malignant disease only) 36

1-year 67 (50-81)%

3-year 67 (50-81)%
Disease-free survival (malignant disease only) 36

1-year 11 (3-23)%

3-year 7 (1-19)%
Acute GVHD grade II-1V 46

1-year 20 (10-33)%
Acute GVHD grade I11-IV 46

1-year 14 (5-25)%
Chronic GVHD 46

1-year 12 (4-25)%
TMA 46

1-year 4 (0-12)%
VOD 44

1-year 7 (1-16)%
IPS 46

1-year 4 (0-12)%
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