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Abstract: Many patients with a hematologic malignancy have other pre-existing conditions at the time
of consideration of an allogeneic stem cell transplant (allo-HSCT). Among these, mild-to-moderate
chronic kidney disease (CKD) is a common comorbid condition that can potentially impact the rates
of non-relapse mortality among transplant patients. While the risk of severe CKD on allo-HSCT is
well recognized, there remains a paucity of data in terms of the impact of mild-to-moderate CKD on
patient outcomes in this setting. Using data from the National Inpatient Sample database, we aimed to
investigate the impact of mild-to-moderate CKD on hospitalization outcomes for patients undergoing
an allo-HSCT. Multivariate analysis revealed that CKD patients had a 31% higher risk of all-cause
mortality (OR = 1.31, 95% CI: 1.01–1.70; p = 0.04) and a higher risk of other common hospitalization
complications, including acute kidney injury, acute pulmonary edema, cardiac arrhythmias, and
septic shock. While this study has limitations, including its retrospective nature and lack of specific
medication data, it underscores the importance of considering CKD as a significant risk factor in
allo-HSCT outcomes.
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1. Introduction

Allogeneic hematopoietic stem cell transplantation (allo-HSCT) remains the standard
potentially curative therapy option for advanced hematologic malignant blood disorders [1].
In clinical practice, patients with end stage, renal disease, or hemodialysis dependency are
often deemed as transplant ineligible due to the risk associated with transplant-related
mortality and morbidity. Additionally, advanced kidney dysfunction is usually accom-
panied by a constellation of other cardiovascular risk factors that are predictive of poor
outcomes [2]. For these reasons, advanced CKD is included as a detrimental comorbidity
when risk-stratifying patients using clinical calculators [3]. However, there is paucity of
data in regard to the impact of mild-to-moderate chronic kidney disease (CKD) on the
hospitalization outcomes of allo-HSCT. As the scarcity of research in this area underscores
the necessity for a rigorous investigation, we conducted a nationwide retrospective study
employing the National Inpatient Sample (NIS) Database.
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2. Methods and Materials

The data used for this nationwide retrospective study were collected from the NIS
database, the largest publicly available database in the United States. The NIS database
can be accessed by submission of request through the NIS website [4]. It stores data
annually that are representative of hospitalizations in all healthcare facilities across all
50 states of insured and uninsured patients via stratified probability sampling. The database
is actively managed and overseen by the Agency for Healthcare Research and Quality
(AHRQ) through a federal–state–industry partnership called the Healthcare Cost and
Utilization Project (HCUP). Overall, the NIS database stores an array of information totaling
over 50 data points for each hospitalization including up to 40 clinical diagnoses and
25 procedures billed for during the hospital study [4]. Data regarding patient comorbidities,
insurance status, median income, length of hospitalizations, and cost of stay are also
stored for each individual hospitalization. Additionally, information regarding hospital
characteristics such as the geographic location, urban or rural setting, and teaching or
nonteaching institution is also available for each hospitalization. Furthermore, the hospitals
are classified as ‘small, medium, or large’ in the database according to the American
Hospital Association Annual Survey of Hospitals, where in the urban teaching setting,
a small hospital has 1–299 beds, a medium sized hospital has 300–499 beds, and a large
hospital has >500 beds. HCUP recommends weighing using the trend and discharge
weight to generate a large nationwide population sample of hospitalized patients, which
allows researchers to conduct studies gauging causal relationships between various patient
characteristics and diseases [4,5]. As the NIS only stores de-identified information, neither
Institutional Review Board (IRB) approval nor informed consent was required for this
study (Supplementary Index Table S1). We accessed the NIS database to retrieve data for
hospitalizations for allo-HSCT in patients >18 years of age using the relevant International
Classification of Diseases 9th and 10th Revision (ICD-9 & ICD-10) codes (Supplementary
Index Table S2). Thereafter, we removed any cases with missing data for age, gender, or
race. All patients with severe CKD were also removed. We then identified patients with
mild-to-moderate CKD (Stage I-III) using the relevant ICD codes. As the NIS database does
not store laboratory values for serum creatinine or glomerular filtration rate (GFR), the ICD
code billing was the sole measure used to identify hospitalizations for patients with CKD.
The data were then subclassified into hospitalizations of patients with mild-to-moderate
CKD (CKD group) and patients without CKD (control group).

The initial obtained raw data were recorded as frequencies for categorical variables and
the median with a standard deviation for age. The Chi-square and Fisher exact test were
used to compare the baseline patient and hospital characteristics between the two groups.
The independent student t-test was deployed to assess for statistically significant differences
in the continuous variables. A multivariate logistic regression model was designed, taking
into consideration all the demographics, comorbidities, and hospital characteristics as
previously applied in multiple NIS based studies, to assess for the primary and secondary
outcomes [6,7]. The primary endpoint was all-cause mortality. Secondary endpoints
included common hospitalization complications seen in hospitalizations for allo-HSCT like
acute kidney injury (AKI), acute pulmonary edema, cardiogenic shock, cardiac arrhythmias,
graft-versus-host disease (GVHD), septic shock, and the need for mechanical ventilation
and hemodialysis (HD). The odds ratio with a 95% confidence interval (CI) was calculated
for all the endpoints. A two-tailed p value of <0.05 was used to determine the statistical
significance. All statistical analyses were performed using Statistical Package for Social
Science version 28 (IBM Corp, Armonk, NY, USA).

3. Results

The weighted data for 84,626 hospitalizations allogenic HSCT were collected. Among
these, 920 hospitalizations (1.1%) were for patients with early-to-moderate CKD. The
patients with CKD were older, more likely to be male, and black. The prevalence of co-
morbidities like coronary artery disease (CAD), chronic obstructive lung disease (COPD),
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congestive heart disease (CHF), diabetes (DM), hypertension (HTN), and obesity was also
significantly higher in the CKD group compared to the control group (Table 1). Multivariate
logistic regression revealed that after adjusting for the potential confounders, patients with
CKD had a higher risk of all-cause mortality: OR = 1.31, 95% CI: 1.01–1.70, p = 0.04.
CKD patients also had a statistically higher risk of developing AKI (OR = 4.85, 95% CI:
4.19–5.61, p < 0.01), acute pulmonary edema (OR = 2.16, 95% CI: 1.42–3.26, p < 0.01), cardiac
arrhythmias (OR = 1.61, 95% CI: 1.33–1.95, p < 0.01), and septic shock (OR = 2.64, 95% CI:
2.16–3.23, p < 0.01). Though there was a higher trend seen in the CKD group, there was no
statistical difference in the risk for GVHD (OR = 1.10, 95% CI: 0.90–1.34, p = 0.37) and the
need for HD (OR = 1.67, 95% CI: 0.97–2.87, p = 0.07) or mechanical ventilation (OR = 1.20,
95% CI: 0.93–1.54, p = 0.17) (Table 2 and Figure 1).

Table 1. Demographics, comorbidities, and hospitalization characteristics of the two groups.

Variable With CKD
N = 920 (1.1%)

Without CKD
N = 83,706 (98.9%) p Value

Age + SD (years) 57.9 + 14.4 49.2 + 12.2 <0.001

Admission Type

Elective 77.9 22.1
<0.001

Non-Elective 82.2 17.8

Gender (%)

Male 69.0 57.4
<0.001

Female 31.0 42.6

Race (%)

White 77.4 76.3

<0.001
Black 11.0 6.1

Hispanic 5.1 9.7

Other 6.5 7.8

Comorbidities

CAD 13.6 4.2 <0.001

Smoking 3.8 4.0 0.72

Alcohol Use 0.0 0.2 0.18

COPD 14.1 7.0 <0.001

Diabetes 23.7 11.0 <0.001

Drug Abuse 1.5 2.9 0.02

Hypertension 66.4 34.8 <0.001

Hypothyroidism 12.5 7.9 <0.001

Coagulopathy 18.8 12.5 <0.001

Liver Disease 7.5 4.9 <0.001

Depression 14.7 13.4 0.27

Obesity 4.3 2.3 <0.001

Myocardial Infarction 5.0 1.7 <0.001

Congestive Heart Disease 14.1 4.9 <0.001

Peripheral Vascular Disease 2.7 0.8 <0.001
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Table 1. Cont.

Variable With CKD
N = 920 (1.1%)

Without CKD
N = 83,706 (98.9%) p Value

Primary Insurance (%)

Medicare 36.8 16.4

<0.001

Medicaid 11.9 11.1

Private Insurance 44.7 66.1

Self-Pay 0.5 1.2

No charge 0.0 0.2

Other 6.1 5.0

Median Household Income (%)

0–25th Percentile 18.9 17.4

0.261
26th–50th Percentile 23.2 22.2

51st–75th Percentile 24.3 27.0

76Th–100th Percentile 33.6 33.4

Hospital Size (%)

Small 15.0 14.3

<0.001Medium 11.3 7.3

Large 73.7 78.4

Hospital Region

Northeast 13.0 22.8

<0.001
Midwest 37.7 23.8

South 26.4 30.2

West 22.8 23.2
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Table 2. Adjusted and unadjusted odds ratios of the primary and secondary endpoints.

Variable CKD Group Without CKD
Group

Unadjusted
Odds Ratio p Value Adjusted

Odds Ratio p Value

All-cause Mortality
(%) 9.6 6.4

1.56
95% CI

(1.25–1.94)
<0.001

1.31
95% CI

(1.01–1.70)
0.04

AKI (%) 49.6 14.7
5.69

95% CI
(5.00–6.48)

<0.001
4.85

95% CI
(4.19–5.61)

<0.001

Acute Pulmonary
Edema (%) 2.8 1.9

3.00
95% CI

(2.02–4.46)
<0.001

2.16
95% CI

(1.42–3.26)
<0.001

Cardiac Arrhythmias
(%) 16.2 7.0

2.57
95% CI

(2.15–3.07)
<0.001

1.61
(95% CI

1.33–1.95)
<0.001

Cardiogenic Shock *
(%) 1.1 0.2

5.53
95%

(2.91–10.5)
<0.001

2.93
95% CI

(1.44–5.93)
0.003

Septic Shock (%) 7.0 3.0
2.38

95% CI
(1.84–3.08)

<0.001
2.64

95% CI
(2.16–3.23)

<0.001

GVHD (%) 13.3 11.1
1.23

95% CI
(1.02–1.49)

0.03
1.10

95% CI
(0.90–1.34)

0.37

Hemodialysis (%) 1.6 0.4
3.68

95% CI
(2.19–6.20)

<0.001
1.67

95% CI
(0.97–2.87)

0.07

Mechanical
Ventilation (%) 9.8 5.9

1.74
95% CI

(1.40–2.17)
<0.001

1.20
(95%

0.93–1.54)
0.17

*: less than 11 total events were reported in the control group. Per HCUP guidelines, sample size was inadequate
to consider significant.

4. Discussion

Our comprehensive national-level retrospective study offers important insights into
the risks associated with allo-HSCT in patients with CKD. Given that patients with CKD
have an impaired baseline function, a further decline in their renal functioning is highly
probable following allo-HSCT, which places them at a higher risk of all-cause mortality
as highlighted by the results of this study. Our group had previously demonstrated that
early-stage CKD is associated with poor hospital outcomes in patients admitted for induc-
tion therapy for acute myeloid leukemia (AML) [6]. Since allo-HSCT is the only potentially
curative option for AML, we wanted to determine the impact of early CKD in the transplant
population. Like in admission for induction therapy, hospitalizations for allo-HSCT are
prolonged, stretching over weeks until adequate count recovery is achieved. These patients
are at an exquisitely high risk of infection and other complications and therefore undergo a
stringent pretransplant screening for risk stratification and the optimization of comorbidi-
ties [8]. Though comorbidities like hypertension and diabetes can be managed effectively
by medications, the correction of the underlying CKD secondary to these conditions can
take substantially longer to correct beyond the patient’s ‘baseline’. In many cases with
hematologic malignancies, the transplant ‘window’ where the disease is in remission may
be short, and waiting for the complete correction of renal function may increase the risk of
disease relapse [9]. Consequently, only a modest degree of CKD is usually not considered a
major barrier for transplant and awaiting complete renal recovery is not considered a ne-
cessity [10]. Hospitalization complications like AKI are commonly seen among transplant
recipients, especially those with a lower baseline kidney function due to multifactorial
causes, including the renal adverse effects of conditioning chemotherapy, immunosuppres-
sants, and antibiotics [11]. Pre-existing CKD also complicates the drug dosing strategies
during complication management and when choosing conditioning regimens due to al-
tered pharmacokinetics and pharmacodynamics in the setting of renal insufficiency [12].
Most transplant programs have dedicated pharmacists to assist in such clinical decision
making, and most electronic medical record systems have built-in alerts for drug interac-
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tions and dosages in light of compromised renal function to prevent further renal injury.
Apart from medications, repeated blood transfusions causing significant volume shifts,
thrombotic microangiopathy, and viral culprits such as BK polyomavirus, adenovirus,
and cytomegalovirus have all been shown to complicate the hospitalization course for
allo-HSCT patients by causing significant alteration in kidney function [13]. Additionally,
sepsis-induced AKI may also occur due to systemic vasodilation with hypotension and
kidney hypoperfusion, cytokine-related tubulointerstitial injury, and intrarenal endothelial
dysfunction with capillary thrombosis [14]. Ongoing research into biomarkers that can
predict and detect early signs of sepsis-induced AKI would hopefully improve our ability
to predict certain complications such as worsening kidney functions and make proactive
changes such as limiting nephrotoxic medications to decrease the risk of clinically overt
renal injury [15].

Another notable finding of our study is the increased risk of pulmonary edema and
cardiac arrhythmias within the CKD cohort. Although there are limited data to determine
the relationship and impact of pre-transplant kidney disease and the development of pul-
monary edema, studies have theorized that inflammatory cytokines, tumor necrosis factor
α, macrophage inflammatory protein 2, nuclear factor-κB, chemokines, and activated innate
immune cells in acute and chronic kidney injury provoke and initiate pathological cascades
that lead to acute lung injury and acute respiratory distress syndrome [16]. Most centers
have patients undergo a thorough cardiac work up including a baseline echocardiogram
to recognize high-risk patients and correct cardiac function. In patients with known ar-
rhythmias like atrial fibrillation, a cardiology consultation is usually sought to optimize
rate/rhythm control regimens [17]. During hospitalization for allo-HSCT, CKD likely
predisposes to arrhythmias due to the increased risk of electrolyte imbalances especially
involving potassium and magnesium [18]. Most immunosuppressants like tacrolimus are
notorious for causing hypomagnesemia, which is associated with fatal arrhythmias like
torsade de pointes [19]. Finally, certain transplant-related complications such as mucositis
might prevent patients from taking their home oral cardiac medications, predisposing them
to increased risk of arrhythmias [8].

Overall, the combined increased risk of these complications translated into a higher
risk of mortality in our study. Though our results show a slight trend of increased risk for
GVHD in patients with CKD, the reasons behind this are unknown. Speculations could
include possible differences in GVHD preventative regimens between the two cohorts due
to renal function, e.g., switching tacrolimus with sirolimus, etc.

Although our study has an impressive sample size, it has considerable limitations,
all inherent to the NIS data. Firstly, the retrospective nature of the data does not allow
to establish causative relationships. Secondly, there is a lack of information regarding
medication use during the hospital course, which has significant impact pertaining to
CKD, especially for the type and dosing of conditioning therapy, immunosuppressants,
and antibiotics. Thirdly, laboratory investigations, like on the serum creatinine level, were
unavailable, and the presence of AKI was determined by ICD 10 billing, not by serum
creatinine levels. Nonetheless, despite these limitations, the results provide a foundation
for future research endeavors, encouraging a more nuanced exploration of the factors
influencing outcomes in this vulnerable cohort of allo-HSCT recipients with even mild-to-
moderate CKD.

5. Conclusions

In conclusion, clinicians should be aware of mild-to-moderate CKD as a potential
independent risk factor for adverse hospitalization outcomes among patients admitted
to undergo allo-HSCT. Prospective studies evaluating the benefits of a multidisciplinary
approach, where continued outpatient nephrology follow-up among these patients can
help determine the impact of early-stage CKD on quality of life and long-term non-relapse
mortality given the myriad of challenges that come with long-term immunosuppressive
medications and fluid imbalances.
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