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ABSTRACT

Background. Advances in allogeneic hematopoietic stem cell transplant (HSCT) have increased patient survival,
although substantial treatment-related toxicity remains, including chronic kidney disease (CKD). We assessed the
association between CKD and survival and transplant-specific outcomes in HSCT recipients.

Methods. We conducted a retrospective study of all 408 adult patients with allogenic HSCT at Princess Margaret Cancer
Centre (Toronto, Canada, 2015-18). We used logistic regression to identify risk factors for CKD at 1 year post-transplant.
Associations between CKD at 1 year and overall survival, relapse-free survival, graft-versus-host-disease
(GVHD)-free/relapse-free survival, relapse and transplant-related mortality were examined using extended time-varying
Cox models. In a sensitivity analysis, we restricted the cohort to survivors at 1 year, using standard Cox proportional
hazard models to examine associations between CKD and overall survival, relapse-free survival and
GVHD-free/relapse-free survival, and Fine and Gray’s competing risk models to determine associations between CKD
and relapse/transplant-related mortality.

Results. The prevalence of CKD at 1 year was 19% (46 patients) with median follow-up of 23 months. Multivariable
regression identified age at transplant [adjusted OR (aOR) 1.09, 95% confidence interval (95% CI) = 1.05-1.14; P < 0.0001),
female gender (aOR 2.83, 95% CI = 1.34-5.97; P = 0.006) and acute kidney injury during the first 100 days (aOR 3.86, 95%
CI = 1.70-8.73; P = 0.001) as risk factors for CKD at 1 year. Patients with CKD at 1 year had significantly poorer overall
survival than those without CKD, when adjusted for relevant covariates [adjusted HR (aHR) 1.93, 95% CI = 1.02-3.66;

P = 0.04 in the time-varying Cox model, and aHR 2.06, 95% CI = 1.04-4.07; P = 0.04 using the standard Cox model]. CKD at
1 year was also associated with worse GVHD-free/relapse-free survival (aHR 1.65, 95% CI = 1.04-2.61; P = 0.03).
Conclusions. CKD adversely affects the long-term prognosis for allogeneic HSCT recipients, with increased mortality
risk and worse GVHD-free/relapse-free survival.
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Advances in allogeneic hematopoietic stem cell transplant (HSCT) have increased patient survival, although substantial
treatment-related toxicity remains, including CKD, which may impact survival and transplant-specific outcomes.
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INTRODUCTION

Hematopoietic stem cell transplantation (HSCT) is a potentially
curative therapy for many life-threatening hematologic diseases
[1]. Advances in the techniques used for HSCT have increased
patient survival in the past decades, although substantial
treatment-related toxicity remains [2]. Allogeneic transplanta-
tion usually involves a conditioning regimen of chemotherapy
and radiation before the infusion of donor stem cells. Patients
who undergo allogenic HSCT are at high risk of renal injury
due to radiation, substantial incidence of sepsis and use of
medications to prevent graft-versus-host disease (GVHD), such
as calcineurin inhibitors [3]. Acute kidney injury (AKI) is a com-
mon complication following allogenic HSCT, with a reported
incidence of 50-75% depending on the definition of AKI [3-5].
Chronic kidney disease (CKD) also frequently occurs in patients
who undergo allogenic HSCT, with reported incidence rates
between 7% and 66%, again depending on the definition used
and the length of follow-up [4, 6].

CKD has important sequelae in patients post-HSCT. Apart
from the increased cardiovascular risk, hypertension and
metabolic sequelae, CKD may have specific implications in the
post-HSCT population. This may include modification or reduc-
tion in immunosuppressive treatment (and associated GVHD-
related risks), ineligibility for subsequent HSCT or further can-
cer therapies, and challenges with the use of antiviral agents and
other post-transplant medications. CKD leads to end-stage kid-
ney disease (ESKD) in about 4% of patients [7], with very high

subsequent mortality [8]. Risk factors for CKD that have been
identified in previous studies include age at transplant, history
of AKI, GVHD and reduced pre-transplantation glomerular fil-
tration rate [4, 7, 9-11]. However, published studies have yielded
discrepant results regarding CKD effect on overall survival (OS)
after allogenic HSCT. Moreover, many of the previous studies
regarding CKD incidence, risk factors and outcome after HSCT
were conducted with earlier HSCT protocols and kidney func-
tion estimation methods, and may not reflect current practice.
Importantly, the association between CKD and the more recently
defined outcome of GVHD-free/relapse-free survival (GRFS) [12],
which represents the ideal recovery after allogeneic HSCT (i.e.
reflecting survival in the absence of morbidity from both re-
lapsed disease and GVHD), has not previously been examined.

We conducted a retrospective single-center study to deter-
mine prevalence and risk factors for CKD at 1 year after allo-
geneic HSCT in 408 adults with hematologic malignancies. We
also assessed the impact of CKD at 1 year on OS, relapse-free sur-
vival (RFS), transplant-related mortality (TRM), relapse risk and
GRFS.

MATERIALS AND METHODS
Study population and design

We conducted a retrospective cohort study of all adult patients
who had allogeneic HSCT for any indication at our institution
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(Princess Margaret Cancer Center, Toronto, Canada) between
1 January 2015 and 1 January 2018. All patients who under-
went an allogeneic HSCT during this period were included in
our study. There was no exclusion on the basis of minimum
follow-up period. Demographics, clinical characteristics and
transplant-related variables were extracted from patient records
and the institutional database. Our institutional database is a
unique and centralized database that contains all clinical and
laboratory data for all HSCT recipients for the entirety of the
follow-up period. This study was approved by our institutional
Ethics Board and the Cancer Registry Data Access Committee
(CRDAC) and was conducted according to the guidelines of the
Declaration of Helsinki.

Technique of allogenic HSCT

Patients received a conditioning regimen followed by infusion of
donor hematopoietic cells on day zero, by convention. Myeloab-
lative conditioning regimens (MACs) consisted of fludarabine
50 mg/m? and busulfan 3.2 mg/kg x 4 days with total body irra-
diation (TBI) 400 cGy in a majority of patients who received this
regimen. Reduced intensity conditioning regimen (RIC) was used
in a majority of patients in this cohort and usually consisted of
fludarabine 30 mg/m? x 4 days and busulfan 3.2 mg/kg x 2 days
with TBI 200 cGy. According to our radiation oncology protocol,
the kidneys were not shielded during TBI because radiation dose
received was significantly below threshold dose associated with
radiation nephropathy [13].

For GVHD prophylaxis, the majority of patients received anti-
thymocyte globulin (ATG) 0.5-4 mg, IV cyclophosphamide (PTCy)
50 mg/kg on days 3 and 4 post-transplant and calcineurin-
inhibitor cyclosporine (CsA) 2.5 mg/kg twice a day. Standard pro-
phylaxis for bacterial and viral infections included ciprofloxacin
from day +6 to engraftment, acyclovir from day +6 to 1 year fol-
lowing transplant and trimethoprim-sulfamethoxazole starting
at the time of engraftment and for a minimum of 1 year post-
transplant. Standard fungal prophylaxis was IV micafungin fol-
lowed by oral posaconazole upon engraftment. Cytomegalovirus
(CMV) prophylaxis was not given as standard of care.

Definition of CKD and other covariates

The following initial parameters were collected for all patients:
age, sex, initial hematologic disease, donor type, condition-
ing regimen, GVHD prophylaxis regimen, recipient CMV status,
baseline serum albumin, baseline serum creatinine, length of
initial hospitalization as well as prior diagnosis of hypertension
and diabetes. Post-transplant complications, and their dates of
first occurrence, were collected as follows: acute GVHD (aGVHD),
chronic GVHD (cGVHD), veno-occlusive disease (VOD), throm-
botic microangiopathy (TMA), CMV viremia, BK viremia, AKI dur-
ing the first 100 days post-transplant, relapse, death and cause of
death. Diagnosis and grading of aGVHD (grade 3-4 versus grade
1-2 or none) and cGVHD (moderate/severe versus mild or none)
were done according to established criteria [14, 15] (see Supple-
mentary data, Tables S1 and S2). AKI was defined and graded
using the Kidney Disease: Improving Global Outcomes (KDIGO)
criteria, based on peak creatinine value during first 100 days
post-transplant [16]. Estimated glomerular filtration rate (eGFR)
was calculated based on serum creatinine, using the vali-
dated CKD-EPI equation [17], at baseline (day 0), 100 days post-
transplant, 1 year post-transplant and last follow-up. Definition
of CKD was eGFR <60 mL/min/1.73 m?, based on at least two
serum creatinine measurements obtained 30-90 days apart, and
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was assessed by two nephrologists. CKD stage was defined using
the KDIGO definition [18].

OS was defined by patients who were still alive at the time
of last follow-up. GRFS is a novel composite endpoint defined as
the absence of grade 3-4 aGVHD, systemic therapy—requiring
cGVHD, relapse or death [12]. TRM was defined as death due to
any cause in the absence of relapse or progression of primary
disease.

Statistical analyses

Descriptive data are reported as median (range), mean =+ stan-
dard deviation or frequency of positive occurrences with their
corresponding percentages. Characteristics of patients with or
without CKD at 1 year were compared using Fisher’s exact tests
or chi-squared tests for categorical variables and two-sample
independent t-tests or Wilcoxon tests for continuous variables.
Repeated measures ANOVAs were used to compare mean eGFR
of the cohort at different time points during follow-up. Univari-
able and multivariable logistic regression models were used to
analyze the association between CKD at 1 year and the follow-
ing covariates: age at transplant, sex, initial hematologic dis-
ease, type of donor, conditioning regimen, GVHD prophylaxis,
length of initial hospitalization, hypertension, diabetes, aGVHD,
c¢GVHD, VOD, TMA, CMV viremia, BK viremia and AKI during
the first 100 days post-transplant. Variables with statistical rel-
evance (P < 0.10) and/or considered predictors of interest were
retained for the final multivariable model.

Associations between CKD and OS, RFS, GRFS, TRM and re-
lapse were examined in two different ways using multivariate
analyses. In the primary model, we used extended Cox propor-
tional hazard models and extended Fine and Gray’s competing
risk models, where CKD was treated as a time-varying covari-
ate that could potentially change status at the 1 year time point.
This permitted us to examine the associations between CKD and
survival and transplant outcomes for the full cohort. The date
of allogeneic HSCT served as the time-origin for survival analy-
sis (i.e. the index date). In a subsequent sensitivity analysis, we
restricted the cohort to patients who survived to 1 year post-
transplant and examined associations between CKD status at
1 year (treated as a fixed, baseline covariate) and long-term sur-
vival and transplant outcomes. For this (multivariate) analysis,
standard Cox proportional hazard models were used to exam-
ine associations between CKD and OS, RFS and GRFS, whereas
Fine and Gray’s competing risk models were used to determine
associations between CKD and relapse and TRM. The date 1 year
post-allogeneic HSCT served as the index date in these models.
Again, to build each of the multivariable models, variables with
P < 0.10 from the univariable analyses were chosen, on which a
backward selection method was applied to retain variables with
statistical relevance (P < 0.05). Variables with clinical importance
were also included, regardless of their statistical significance.
Kaplan-Meier plots were generated to depict the association be-
tween CKD at 1 year and OS. In a sensitivity analyses, we also
reported results of a model with variable selection based only
on the lowest P-values in univariate testing.

Statistical significance threshold was considered for a two-
tailed P-value < 0.05. All analyses were conducted using the SAS
9.4 software (Cary, NC, USA).

RESULTS
Study cohort

The study included 408 adult patients, with a median follow-up
time of 22.5 (range 1.0-70.0) months. Baseline demographic and
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Table 1. Patient demographic data and clinical characteristics at
baseline (n = 408)

Patient characteristic

Age at transplantation (years) 57 (18-74)
>60 years old 163 (40)
Female 171 (42)
Diagnosis
Acute myelogenous leukemia 199 (49)
Myelodysplastic syndrome 66 (16)
Chronic myelogenous leukemia 13 (3)
Lymphoma 23 (6)
Acute lymphocytic leukemia 28 (7)
Chronic lymphocytic leukemia 18 (4)
Chronic myelomonocytic leukemia 9(2)
Myelofibrosis 31 (8)
Other 21 (5)
Conditioning regimen
Reduced intensity 318 (78)
Myeloablative conditioning 90 (22)
Stem cell source
Bone marrow 8(2)
Peripheral blood 400 (98)
GHVD prophylaxis
ATG-PTCy-CSA 253 (62)
Other 155 (38)
Baseline kidney function
Baseline serum creatinine (mg/dL) 0.8 (0.5-1.5)
Baseline eGFR (mL/min/1.73 m?)? 96 (42-143)
CKD at baseline® 17 (4)
Comorbidities
Hypertension 152 (37)
Diabetes 55 (13)
Positive CMV serostatus 309 (76)
Complications during first 100 days
AKI (any stage) 262 (64)
AKI stage > 2 98 (37)
RRT 5(2)
CMV viremia 212 (52)
BK viremia 39 (10)
VOD 56 (14)
TMA 11 (3)
aGVHD 200 (49)

Values are expressed as frequency (%) or median (range). GVHD = graft-versus-
host disease; ATG-PTCy-CSA = anti-thymocyte globulin with post-transplant
cyclophosphamide and cyclosporine; eGFR = estimated glomerular filtration
rate; CKD = chronic kidney disease; CMV = cytomegalovirus; AKI = acute kid-
ney injury; RRT = renal replacement therapy; VOD = veno-occlusive disease;
TMA = thrombotic microangiopathy; aGVHD = acute graft-versus-host disease.
2Baseline eGFR is calculated according to the CKD-EPI equation.

YCKD at baseline is defined as eGFR <60 mL/min/1.73 m?.

clinical data for the entire cohort are presented in Table 1. Me-
dian age at transplantation was 57 (range 18-74) years and 40%
of our cohort was 60 years old or above. The most frequent in-
dication for allogenic HSCT was acute myelogenous leukemia
(49%). Hypertension was present in 37% of patients, and dia-
betes mellitus in 13% of patients. Seventeen (4%) patients had
CKD at baseline. Median serum creatinine value at baseline was
0.8 (range 0.5-1.5) mg/dL and mean eGFR at baseline was 94 + 18
mL/min/1.73 m?. Overall incidence of AKI at 100 days was 64%
(262 patients; stage 1: 62.6%, stage 2: 22.5% and stage 3: 14.8%).
Dialysis was required in five (2%) patients; four of them recov-
ered renal function after AKI, but three died within 1 year post-
transplant. Only 13 (3%) patients were referred to nephrology at
any point during follow-up. CMV viremia and aGVHD were both
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FIGURE 1: Median eGFR of the cohort among alive patients at baseline (time of
transplant), 100 days post-transplant, 1 year post-transplant and last follow-up.
Median total follow-up time was 22.5 (range 1.0-70.0) months. Box plots show
25th and 75th percentiles.

frequent post-transplant complications, occurring, respectively,
in 52% and 49% of the patients.

Changes in eGFR following transplant and prevalence
of CKD

Over time change in median eGFR for the entire cohort is pre-
sented in Figure 1. Mean =+ SD eGFR was 87 + 20 mL/min/1.73 m?
at 100 days post-transplant, 82 & 23 mL/min/1.73 m? at 1 year
and 79 + 22 mL/min/1.73 m? at last follow-up (all P < 0.0005). In
total, 32 patients (9%) had CKD 100 days post-transplant, and 46
patients (19%) had CKD 1 year post-transplant. Of those, 33 pa-
tients (72%) had stage 3a CKD, 11 patients (24%) had stage 3b and
2 patients (4%) had stage 4. At last follow-up, the prevalence of
CKD among survivors remained stable at 19% (35/189 patients).
The mean decline in kidney function (eGFR) within the first-year
post-transplantation was 13.5 + 16.4 mL/min/1.73 m?. Between
1 year and last follow-up, the mean decline in eGFR was 6.6 +
6.9 mL/min/1.73 m? per year.

Clinical characteristics of patients with CKD

Descriptive analyses comparing patients with and without CKD
at 1 year are given in Table 2. Compared with patients with nor-
mal kidney function, patients with CKD at 1 year were older [me-
dian age at transplant 62 (range 43-74) versus 54 (range 18-74)];
P < 0.001) and more frequently female (57% versus 39%; P = 0.04).
Thirty-five patients (76%) with CKD at 1 year experienced AKI
during the first 100 days after transplant, which is significantly
more than patients with no CKD (52%; P = 0.002). Past medical
history of hypertension and diabetes was more frequent in pa-
tients with CKD at 1 year (50% versus 33%; P = 0.03 and 17%
versus 7%; P = 0.05, respectively). There was no difference be-
tween the groups regarding conditioning regimen, GVHD pro-
phylaxis regimen, aGVHD, cGVHD, TMA, VOD, BK viremia and
CMV viremia.
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Table 2. Descriptive analysis for survivors with and without CKD? at 1 year (n = 236)

Variable No CKD (n = 190) CKD (n = 46) P-value
Age at transplant (years) 54 (18-74) 62 (43-74) <0.001
Female gender 75 (39) 26 (57) 0.04
Hypertension 63 (33) 23 (50) 0.03
Diabetes 14 (7) 8(17) 0.05
Baseline albumin (g/L) 39 (30-49) 39 (32-44) 0.18
Length of initial hospitalization (days) 28 (17-219) 32 (22-75) 0.04
Conditioning regimen
MAC 45 (24) 5(11) 0.06
RIC 145 (76) 41 (89)
AKI within 100 days 28 (15) 16 (35) 0.002
post-transplant
AKI stage
1 72 (38) 11 (24) 0.002
2 20 (11) 22 (48)
3 7 (4) 7 (15)
Recipient CMV positive 142 (75) 33(72) 0.68
CMV viremia 88 (46) 25 (54) 0.33
BK viremia 9 (5) 4(9) 0.29
TMA 5(3) 1(2) 0.99
VOD 17 (9) 8 (17) 0.11
GVHD prophylaxis regimen
ATG-PTCy-CSA 126 (66) 29 (63) 0.67
Other 64 (34) 17 (37)
aGVHD
Grade 1-2 74 (76) 23 (88) 0.24
Grade 34 23 (24) 3(12)
cGVHD
Mild 18 (9) 5(11) 0.47
Moderate to severe 53 (28) 15 (33)
Baseline creatinine (mg/dL) 0.8 (0.6-1.2) 0.9 (0.6-1.4) <0.001
Baseline eGFR (mL/min/1.73 m?) 97 (61-143) 77 (46-110) <0.001
eGFR at 100 days (mL/min/1.73 m?) 94 (51-134) 62 (34-99) <0.001
CKD at baseline® 0(0) 6 (13) <0.001
CKD at 100 days® 4(2) 20 (43) <0.001
eGFR at 1 year (mL/min/1.73 m?) 88 (61-131) 50 (15-60) <0.001
1 year eGFR slope (mL/min/1.73 m?) -8.0 (-56.8 to 34.2) -24.6 (-82.4 t0 2.9) <0.001

Values are expressed as frequency (%) or median (range). CKD = chronic kidney disease; MAC = myeloablative conditioning; RIC = reduced intensity regimen;
AKI = acute kidney injury; CMV = cytomegalovirus; VOD = veno-occlusive disease; TMA = thrombotic microangiopathy; GVHD = graft-versus-host disease; ATG-
PTCy-CSA = anti-thymocyte globulin with post-transplant cyclophosphamide and cyclosporine; aGVHD = acute graft-versus-host disease; cGVHD = chronic graft-
versus-host disease; eGFR = estimated glomerular filtration rate; eGFR is calculated according to CKD-EPI equation.

2CKD is defined as eGFR < 60 mL/min/1.73 m?.

Risk factors for CKD at 1 year

Univariable analysis identified age at transplant (P < 0.0001),
baseline eGFR (P < 0.0001), female gender (P = 0.04), hyperten-
sion (P = 0.04), diabetes (P = 0.05), AKI within 100 days (P = 0.004)
and MAC regimen (P = 0.05) to be significantly associated with
CKD at 1 year (Table 3). In the multivariable model, age at trans-
plant [adjusted OR (aOR) 1.09, 95% confidence interval (95%
CI) = 1.05-1.14; P < 0.0001], female sex (aOR 2.83,95% CI = 1.34—
5.97; P = 0.006) and AKI during the first 100 days (aOR 3.86, 95%
CI = 1.70-8.73; P = 0.001) remained significant risk factors for
developing CKD at 1 year (Table 3, see also Supplementary data,
Table S3).

Impact of CKD on survival and transplant outcomes

The overall mortality rate in the cohort was 54% (219/408
patients), and 47 of these patients died after 1 year post-
transplant. Amongst the 46 patients who developed CKD 1 year
after transplant, 6 died from relapse of primary disease, 6 died

from infectious complications and 3 died from other causes.
Patients with CKD at 1 year showed significantly poorer OS
than those without CKD [hazard ratio (HR) for mortality 2.16,
95% CI = 1.19-3.93; P = 0.009), as shown in Figure 2. When ad-
justed for age, conditioning regimen, GVHD prophylaxis, dia-
betes, aGVHD (extended Cox model only) and cGVHD, CKD re-
mained significantly associated with mortality (aHR 1.93, 95%
CI = 1.02-3.66; P = 0.04) using a time-varying extended Cox
model among the entire cohort (Table 4). Similarly, in the sen-
sitivity analysis (using the standard Cox model restricted to sur-
vivors at 1 year), CKD was again associated with worse OS (aHR
2.06,95% CI = 1.04-4.07; P = 0.04) (Table 5). Acute GVHD was ex-
cluded from the standard Cox model as it is an early complica-
tion of HSCT (within 100 days post-transplant), and this model
looked only at survivors at 1 year post-transplant. In both mod-
els, CKD at 1 year had no significant impact on RFS, TRM and
relapse risk. However, it was associated with worse GRFS (HR
1.65, 95% CI = 1.04-2.61; P = 0.03) among survivors at 1 year
(Table 5).
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Table 3. Univariable and multivariable analysis for risk factors for CKD at 1 year

Variable Univariable analysisOR (95% CI)  P-value Multivariable analysisOR (95% CI)  P-value
Age at transplant 1.09 (1.05-1.13) <0.0001 1.09 (1.05-1.14) <0.0001
Female gender 2.01 (1.05-3.88) 0.04 2.83(1.34-5.97) 0.006
Hypertension 2.02 (1.05-3.89) 0.04

Diabetes 2.51 (0.98-6.41) 0.05 1.63 (0.58-4.56) 0.35
Baseline eGFR 0.91 (0.89-0.94) <0.0001

AKI within 100 days post-transplant 2.95 (1.41-6.16) 0.004 3.86 (1.70-8.73) 0.001
Transplant regimen (MAC versus RIC) 0.37 (0.14-0.99) 0.05

GVHD prophylaxis (ATG-PTCy-CSA versus others) 0.91 (0.47-1.78) 0.79

aGVHD (grade 3-4) 0.53 (0.15-1.87) 0.32

cGVHD (moderate/severe) 1.17 (0.58-2.34) 0.66 1.31 (0.60-2.84) 0.50

Univariable and multivariable logistic regression results are presented. Patients who died within 1 year post-transplant were removed from analyses. Due to lack of
power, only five variables were included in the multivariable model to avoid over-fit. For this reason, hypertension and baseline eGFR were excluded from the model.
Diabetes was included in the model as it is a recognized major risk factor for CKD. We also retained cGVHD in the model (although nonsignificant in univariate
analysis), as cGVHD has been reported as a significant risk factor for kidney disease after transplantation in multiple recent studies [19-21]. Alternative multivariate

model incorporating baseline eGFR and using only variables with the lowest P-value in univariate analysis is provided as Supplementary material.

OR = odds ratio; CKD = chronic kidney disease; AKI = acute kidney injury; MAC = myeloablative conditioning; RIC = reduced intensity regimen; GVHD = graft-
versus-host disease; ATG-PTCy-CSA = anti-thymocyte globulin with post-transplant cyclophosphamide and cyclosporine; aGVHD = acute graft-versus-host disease;

cGVHD = chronic graft-versus-host disease.
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FIGURE 2: Overall survival at last follow-up based on CKD at 1 year status. Time origin is 1 year post-transplant, n = 236 (survivors at 1 year).

DISCUSSION

Our study explored the development of CKD after allogeneic
HSCT and its impact on survival outcomes in a large, contem-
porary cohort of adult recipients. We found a significant decline
in kidney function within the first year post-transplantation
for the entire cohort, with a mean loss in eGFR of 13.5 +

16.4 mlL/min/1.73 m?2. Prevalence of CKD, defined as eGFR

<60 mL/min/1.73 m?, was 19% at 1 year post-transplant and at
last follow-up. We identified age at transplant, female gender
and history of AKI within first 100 days post-transplant as sig-
nificant risk factors for CKD at 1 year. Furthermore, we demon-
strated that CKD at 1 year was significantly associated with
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higher mortality as well as worse GRFS, when adjusting for rel-
evant covariates.

Early data regarding the prevalence of CKD after HSCT were
highly variable, mainly due to the heterogenicity of the included
patients and type of transplant [22]. In the largest cohort study
to date, with 1635 HSCT patients, the incidence rate of CKD was
23% in survivors 100 days after transplant [19]. In retrospec-
tive studies among long-term survivors after allogeneic HSCT,
cumulative incidence of CKD was 25-34% at 10 years [10, 11].
Hingorani et al. [20] assessed a prospective cohort of 434 adults
followed for a median of 5.3 years post-transplant. In keep-
ing with our results, ~20% of the cohort developed CKD by
1 year post-HSCT, and the largest decrease in kidney function
occurred within the first year after transplantation, with eGFR
decreasing from a median of 98 mL/min/1.73 m? at baseline to
78 mL/min/1.73 m? by 1 year. Moreover, as eGFR declined, risk of
mortality progressively increased.

Previously, studies assessing the association with CKD and
mortality have led to mixed results [11, 21, 23]. Furthermore,
these results are difficult to compare as they include children
and adult recipients, have relatively small sample sizes and are
from earlier eras of transplant. Indeed, recent studies reported
substantial improvement in the outcomes of patients having
HSCT in the last decade, even if older patients were treated in
recent years [24, 25]. The reasons for this improvement were
mainly less organ damage from conditioning regimen, fewer in-
fections during immune suppression, and lower incidence of se-
vere aGVHD. For this reason, contemporary data assessing CKD
and mortality risk were needed. We demonstrated an increased
risk of overall mortality associated with CKD 1 year after trans-
plant. Moreover, we demonstrated that CKD was associated with
worse GRFS among survivors at 1 year, whereas it was not asso-
ciated with RFS and TRM. Taken together, these results reinforce
the association between development of CKD post-transplant
and poorer survival outcomes in long-term survivors of HSCT,
as relapse and TRM usually present within the first year post-
transplant. GRFS is a clinically meaningful composite endpoint
that acknowledges both survival and rates of other critical com-
plications from transplant and its treatment, therefore repre-
senting an ‘ideal’ recovery from HSCT. To our knowledge, this
is the first time the association between CKD post-transplant
and GRFS has been studied. Our results highlight the importance
of preserving kidney function post-transplant, as it affects long-
term survival of patients.

In various prior studies, CKD has been mainly associated
with older age at transplant, female gender, AKI after trans-
plant, hypertension, use of calcineurin inhibitors and TBI [7,
9-11, 26-28]. Importantly, the use of RIC as opposed to MAC was
not associated with risk of CKD in our study. Few studies have
examined the association between conditioning regimen and
subsequent CKD, although specific entities such as radiation
nephritis are well described and potentially associated with
increased dose of TBI [6, 22]. Our data suggest that patients who
may be otherwise considered for MAC should not necessarily
be precluded from this on the basis of concerns regarding
long-term kidney function alone. Acute and chronic GVHD have
recently emerged as another risk factor for kidney injury after
transplantation [19-21]. In our study population, however, nei-
ther acute (grade 3-4) nor chronic (moderate-severe) GVHD was
significantly associated with CKD at 1 year. On the other hand,
the high incidence of AKIin our cohort and its strong association
with further development of CKD, as well as a significant decline
in eGFR within the first year post-transplant, suggest that early
intervention may be key to improving kidney outcome. In our
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study population, although AKI occurred in 64% of patients
and CKD developed in 19%, only 13 (3%) patients were referred
to nephrology. This indicates that better collaborative care be-
tween hematologists and nephrologists is needed, with the aim
of improving kidney protection. Moreover, future studies should
be designed to explore potential early therapeutic intervention,
such as the use of renin-angiotensin system (RAS) blockade
medication or sodium-glucose transport protein 2 (SGLT2)
inhibitors.

Strengths of our study include a large cohort, composed of
contemporary HSCT recipients with a wide number of clinical
indications. We were able to include several clinically relevant
covariates, including patient comorbidities, transplant charac-
teristics (including conditioning regimen and GVHD prophy-
laxis regimen) and initial post-transplant complications. We
were also able to assess clinically relevant outcomes, includ-
ing longitudinal kidney function via CKD-EPI, and GRFS and
TRM (in addition to OS). The association between CKD status at
1year and OS was consistent in both the primary and sensitivity
analyses.

Our study has some limitations. First is the number of pa-
tients who died over the time period of the study, limiting our
power to perform broader multivariable analyses for risk fac-
tors of CKD and survival outcomes. Second is the duration of
follow-up, which was relatively short considering that the in-
cidence of CKD may accumulate over time; however, it is im-
portant to note that the majority of eGFR loss in this popula-
tion appears to occur within the first year post-transplant. In the
same vein, one could argue that we looked late, and ask why we
did not look at the incidence of CKD at 6 months and its effect
on survival and transplant outcomes. However, because CKD di-
agnosis necessitates at least two creatinine measurements ob-
tained at a stable state 30-90 days apart, we felt more confident
to identify ‘true’ CKD patients at 1 year post-transplant. Having
looked at CKD at 6 months would have posed the risk of includ-
ing patients with AKI in the early post-transplant period. Lastly,
we did not have urinary data such as urinary protein excretion.
As such, milder stages of CKD with hyperfiltration were not in-
cluded in this study. Patients post-HSCT in our center do not
routinely have monitoring of proteinuria via urine albumin-to-
creatinine ratio or urinalyses, and given the low rate of referral
to nephrology, we lack such data to assist with CKD prognostica-
tion. Given the association we observed between CKD and mor-
tality, incorporation of this routine screening for proteinuria in
patients post-HSCT may be a consideration, particularly in those
with significant eGFR decline post-HSCT.

In conclusion, CKD is a common comorbidity among adult
survivors of allogeneic HSCT, and AKI early after transplant ap-
pears as the main risk factor for the development of CKD. Pres-
ence of CKD adversely affects the long-term prognosis of pa-
tients after allogeneic HSCT, with increased risk of mortality.
The association between CKD and worse GRFS outcome was also
demonstrated for the first time with this study. The increasing
number of transplants performed, and in older patients, will lead
to an increase in the burden of kidney disease for the health care
system. A collaborative, interdisciplinary approach, with early
recognition of kidney injury and preventive measures for re-
nal protection after transplantation, may be beneficial for the
improvement of outcomes in long-term survivors of allogeneic
HSCT.
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