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Summary

Background: While acute kidney injury (AKI) is commonly reported following hematopoietic stem cell transplant (HCT), the
incidence and impact of AKI on mortality among patients undergoing HCT are not well described. We conducted this sys-
tematic review to assess the incidence and impact of AKI on mortality risk among patients undergoing HCT.

Methods: Ovid MEDLINE, EMBASE and the Cochrane Databases were searched from database inceptions through August
2019 to identify studies assessing the incidence of AKI and mortality risk among adult patients who developed AKI following
HCT. Random-effects and generic inverse variance method of DerSimonian-Laird were used to combine the effect estimates
obtained from individual studies.

Results: We included 36 cohort studies with a total of 5144 patients undergoing HCT. Overall, the pooled estimated inci-
dence of AKI and severe AKI (AKI Stage III) were 55.1% (95% confidence interval (CI) 46.6-63.3%) and 8.3% (95% CI 6.0-11.4%),
respectively. The pooled estimated incidence of AKI using contemporary AKI definitions (RIFLE, AKIN and KDIGO criteria)
was 49.8% (95% CI 41.6-58.1%). There was no significant correlation between study year and the incidence of AKI (P=0.12) or
severe AKI (P=0.97). The pooled odds ratios of 3-month mortality and 3-year mortality among patients undergoing HCT
with AKI were 3.05 (95% CI 2.07-4.49) and 2.23 (95% CI 1.06—4.73), respectively.

Conclusion: The incidence of AKI among patients who undergo HCT remains high, and it has not changed over the years
despite advances in medicine. AKI after HCT is associated with increased short- and long-term mortality.
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Introduction

Hematopoietic stem cell transplant (HCT) is being used for mul-
tiple malignant and non-malignant conditions.”* In the current
era, indications have been extended to metabolic, immune-
related, autoimmune and other inflammatory disorders.> More
than 50000 patients undergo HCT every year, and its rate is
increasing by 20-30% annually.® Despite the widespread use of
preventive measures, acute kidney injury (AKI) remains a sub-
stantial problem after HCT. AKI is associated with significant
cost burden, morbidity and mortality.”® Survivors of AKI could
sustain recurrent episodes of AKI, leading to multiple hospital-
izations.’ In long-term survivors after HCT, chronic kidney dis-
ease is prevalent in up to 20% of the patients.’®*? They are at
further risk for the development of hypertension, albuminuria
and nephrotic range proteinuria.’®'* Severe AKI requiring renal
replacement therapy (RRT) is associated with significant mor-
tality of about 80%.'>*®

Multiple steps are involved in successful hematopoietic
stem cell transplantation.” The process begins with the pro-
curement of stem cells from the donor, while the recipient
undergoes intensive chemotherapy (myeloablative)*? vs. less
intensive chemo (non-myeloablative)?’ depending on age and
other comorbidities. The second stage includes the infusion of
graft stem cells to the recipient (engraftment). Finally, the re-
cipient receives immunosuppression to suppress rejection or
graft vs. host disease. AKI can occur during any of the above-
mentioned steps.?? AKI following HCT is traditionally defined as
‘Doubling of serum creatinine in the first hundred days’.
However, in order to standardize AKI risk stratification, RIFLE,
KDIGO and AKIN definitions were developed.’®**?% The
reported incidence of AKI after HCT varies widely from 12% to
66%.'8:202830 Thig wide variation is likely related to not using a
standardized AKI definition, various conditioning regimens,
allogeneic vs. autologous donor and retrospective nature of
studies.?>?® It is reported that the incidence of AKI after autolo-
gous stem cell transplant is 12-50%, non-myeloablative allogen-
eic 29-54% and myeloablative allogeneic at 19-66%.

Given the variability in the reported incidence of AKI post-
HCT, we performed a systematic review and meta-analysis of
the existing cohort studies up to August 2019 to assess the
pooled incidence of AKI and its associated mortality.

Materials and methods
Search strategy

PRISMA (Preferred Reporting Items for Systematic Reviews and
Meta-Analysis) statement®* was followed in conducting this
systematic review. Ovid MEDLINE, EMBASE and the Cochrane
Databases were systematically searched from database incep-
tions through August 2019 to identify studies fulfilled the fol-
lowing inclusion criteria: (i) clinical trials or observational
studies published as original articles or conference abstracts; (ii)
studies that assessed the incidence of AKI or AKI-associated
mortality among patients undergoing HCT; (iii) adult patient
population (age > 18years old). The primary outcome was AKI
post-HCT. Mortality risk was also assessed among the studies
that reported AKI-outcome. Two investigators (S.K. and K.K.)
performed independent literature search using the search
terms of ((‘bone morrow’ OR ‘stem cell’) AND (‘transplant’ OR
‘transplantation’)) AND (‘acute kidney injury’ OR ‘acute renal
failure’ OR ‘renal replacement therapy’). Supplementary Data S1
provide information on the detailed search strategy. The data

for this meta-analysis are publicly available through the Open
Science Framework (URL: <seurld>https://osf.io/qfgj9/</
seurld>). Language restriction was not applied. Potentially
related studies were manually reviewed using the references.
Gray literature was additionally searched for further relevant
information.

Study selection

Observational studies and clinical trials providing 95% confi-
dence intervals (CI) data on the incidence of AKI and mortality
risk of AKI in adult patients undergoing HCT were included in
the meta-analysis. Two investigators (S.K. and K.K.) independ-
ently reviewed retrieved articles for eligibility. A third reviewer
(W.C.) solved inconsistencies by collective agreement. AKIN,*?
RIFLE*® and KDIGO** definitions of AKI were used for subgroup
analysis.

Data collection

The collected data from individual studies included title, name
of authors, year of the study, publication year, the country
where the study was conducted, patient characteristics, AKI
definition, the incidence of AKI and severe AKI requiring RRT
and finally reported death rate among patients with AKI follow-
ing HCT.

Statistical analysis

Meta-analysis was performed using Comprehensive Meta-
Analysis software version 3.3.070 (Biostat Inc., NJ, USA).
Adjusted point estimates of included studies were incorporated
by the generic inverse variance method of DerSimonian-Laird,
which assigned the weight of individual study based on its vari-
ance.®® Due to the probability of between-study variance, we
applied a random-effects model to pool outcomes of interest,
including the incidence of AKI and mortality risk. Cochran’s Q
test (P < 0.05 for a statistical significance) and I? statistic (<25%
represents insignificant heterogeneity, 26-50% represents low
heterogeneity, 51-75% represents moderate heterogeneity and
>75% represents high heterogeneity) were used to assess statis-
tical heterogeneity.>® Publication bias was assessed by funnel
plot and the Egger test.>”

Results

The search yielded a total of 1818 articles for initial screening.
Four hundred seventy-eight duplicates were removed, and
1262 articles were excluded for the following reasons: in vitro
studies, pediatric patient population, animal studies, case
reports, correspondences or review articles. Full-length
reviews of 90 studies were performed. Twenty-six studies
were not observational studies and 28 studies were excluded
due to not providing the outcome of interest; thus, 36 cohort
studies!®18:20:25:26.38-65 ith 3 total of 5144 patients under-
going HCT were enrolled. Figure 1 outlines the flowchart of
paper selection for inclusion. Table 1 provides details of the
included studies.

Incidence of AKI among patients undergoing HCT

Overall, the pooled estimated incidence of AKI and severe AKI
among patients undergoing HCT were 55.1% (95% CI 46.6-63.3%,
1% = 96%, Figure 2) and 8.3% (95% CI 6.0-11.4%, I2 = 92%, Figure 3),
respectively. The pooled estimated incidence of AKI using
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Figure 1. Outlines the flowchart of paper selection for inclusion.

standard AKI definitions was 49.8% (95% CI 41.6-58.1%, I* = 93%,
Supplementary Figure S1). The pooled estimated incidence of
RRT among patients undergoing HCT was 7.2% (95% CI: 4.0-
12.5%, I? = 83%, Figure 3).

Subgroup analyses were performed according to AKI defi-
nitions. The pooled estimated incidence rates of AKI by
RIFLE, AKIN and KDIGO criteria were 59.2% (95% CI 44.5-
72.5%, > = 93%, Supplementary Figure S1), 48.2% (95% CI
37.4-59.1%, I = 86%, Supplementary Figure S1) and 34.1%
(95% CI 16.7-57.2%, I> = 96%, Supplementary Figure S1),
respectively.

Meta-regression of all studies using standard AKI definitions
showed that the year of the study did not significantly affect
the incidence of AKI (P=0.12, Supplementary Figure S2A) and
severe AKI (P=0.97, Supplementary Figure S2B).

Mortality risk of AKI in patients after HCT

Data on mortality risk from included studies are shown in
Table 1. The pooled odds ratios (ORs) of 3-month mortality and
3-year mortality among patients undergoing HCT with AKI were
3.05 (95% CI 2.07-4.49, I> = 19%, Figure 4A) and 2.23 (95% CI 1.06-
4.73, 12 = 82%, Figure 4B), respectively.

Evaluation for publication bias

The funnel plot (Supplementary Figure S3) and Egger’s regres-
sion asymmetry tests were performed to assess publication bias
in analysis evaluating the 3-month mortality of AKI in patients
undergoing HCT. We found no significant publication bias in
the meta-analysis evaluating the mortality risk of patients after
HCT with AKI (P=0.30).
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Table 2. Risk factors linked to incidence of AKI after HCT.

Risk factors linked to incidence of AKI after HCT

Lol

Diabetes mellitus®’

Hypertension**

Chronic kidney disease®®

Nephrotoxic agents

a. Amphotericin B'°

b. Acyclovir®

c.  Amino glycosides”

Calcineurin inhibitor use for GVH prophylaxis”*

Sepsis!®2®

v XN W

Intravenous immunoglobulin®®

Intensive care unit stay**
Mechanical ventilation**

10. Preexisting lung toxicity*?
11. HLA mismatch'®

12. Female sex**

13. Weight gain >10%"'®
14. Cytomegalovirus infection®®
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Discussion

In this systematic review and meta-analysis, we found that the
incidence of overall AKI and severe AKI requiring RRT after HCT
is very high. Overall, the pooled estimated incidence of AKI and
severe AKI among patients undergoing HCT are 55.1% and 8.3%,
respectively. The pooled estimated incidence of AKI using
standard AKI definition (KDIGO, RIFLE and AKIN) is 49.8%. Our
findings showed significant increased short- and long-term
mortality among patients with AKI after HCT. Meta-regression
analyses showed that the year of the study did not significantly
affect the incidence of AKI after HCT among included studies
(published between years 1995 and 2019).

The etiology and mechanism of acute renal failure after HCT
remain complex and multifactorial. Multiple risk factors are
linked to the incidence of AKI after HCT. Major risk factors in-
clude diabetes,®” hypertension,** preexisting chronic kidney dis-
ease,’® nephrotoxic medications including amphotericin B,*°
acyclovir for viral prophylaxis,®® aminoglycosides,’® calcineurin

Study name

Statistics for each study

Event Lower Upper

rate limit limit Z-Value p-Value
Merouani et al 0.560 0496 0623 1834 0.067
Gruss et al 0.262 0213 0317 -7.557 0.000
Parikhetal (1) 0920 0.842 0962 6215 0.000
Parikh etal (2) 0901 0.858 0.932 10492 0.000
Schrier et al 0560 049 0623 1.834 0.067
Caliskan et al 0.702 0558 0815 2688 0.007
Lopesetal (1) 0379 0.302 0462 -2844 0.004
Liu et al (1) 0385 0221 0579 -1.166 0244
Kerstingetal (1) 0.940 0.889 0968 8.003 0.000
Kerstingetal (2) 0934 0.903 0955 12536 0.000
Lopesetal(2) 0537 0429 0641 0662 0508
Yakushijinetal 0769 0717 0814 8579 0.000
Tokgoz et al 0513 0380 0664 0.160 0873
Ando et al 0466 0405 0528 -1.076 0.282
Luietal 0.290 0191 0414 -3.195 0.001
Yuetal 0.292 0210 0.3%0 -3.952 0.000
Morito et al 0.700 0543 0821 245 0.014
Bao et al 0.490 0409 0571 -0.251 0.802
Irazabal et al 0966 0792 0995 3274 0.001
Kagoya et al 0763 0701 0816 7.160 0.000
Mori et al 0623 0566 0677 4133 0.000
Durate et al 0.350 0177 0574 -1.320 0.187
Canet et al 0653 0539 0752 2612 0.009
Esposito et al 0.316 0.209 0447 -2713 0.007
Liu et al (2) 0.431 0380 0483 -2600 0.009
Pinana et al 0.435 0366 0508 -1.755 0.079
Sehgal et al 0.754 0635 0843 3.887 0.000
Deger et al 0.380 0257 0520 -1680 0.093
Myhre et al 0694 0601 0774 3.930 0.000
Khalil et al 0.317 0212 0444 -2771 0.008
Cekdemi et al 0503 0425 0581 0.080 0936
Pereira et al 0.159 0106 0232 -6.997 0.000
Andronesietal 0103 00866 0.155 -8.950 0.000
Mima e al 0.157 0100 0239 -6.349 0.000

0551 0466 0633 1170 0242

Event rate and 95% CI
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Figure 2. Forest plots of the included studies evaluating incidence rates of AKI among patients undergoing HCT.
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Group by Study name Statis tics for each study
Definition
Event Lower Upper

rate limit limit Z-Valuep-Value
RRT Merouanietal 0.030 0014 0062 -9.042 0.000
RRT Gruss et al 0.062 0.039 0.097 -10.862 0.000
RRT Parikh et al (2) 0.043 0.024 0.077 -10.026 0.000
RRT Helal et al 0119 0.069 0.198 6516 0.000
RRT Chapchapetal 0180 0119 0263 -6.135 0.000
RRT Sehgal et al 0.062 0023 0153 -5279 0.000
RRT 0.072 0.040 0.125 -8.190 0.000
Severe AK Parikh etal (1) 0.330 0.240 0.434 -3132 0.002
Severe AK Schrier et al 0.073 0.046 0.115 -10.071 0.000
Severe AK Caliskan et al 0.149 0.073 0281 -4254 0.000
Severe AK Lopesetal(1) 0.143 0.094 0211 -7.419 0.000
Severe AK Liu et al (1) 0.038 0005 0.228 -3.156 0.002
Severe AK Kersting et al (1) 0.093 005 0151 -8100 0.000
Severe AK Kersting et al (2) 0.011 0.004 0.029 -8.944 0.000
Severe AK Lopes etal(2) 0.159 0.094 0.254 -5521 0.000
Severe AK ‘Yakushijin etal 0.031 0.016 0.059 -10.117 0.000
Severe AK Ando et al 0.100 0.069 0.144 -10.399 0.000
Severe AK Lui et al 0.016 0.002 0.106 -4078 0.000
Severe AK Yuetal 0.021 0.005 0.079 -5388 0.000
Severe AK Morito et al 0.100 0.038 0238 -4169 0.000
Severe AK Bao et al 0.084 0.048 0.142 -7.925 0.000
Severe AK Irazabal et al 0.241 0120 0427 -2639 0.008
Severe AK Kagoya et al 0.444 0378 0513 -1595 0111
Severe AK Mori et al 0.159 0.121 0.206 -10.351 0.000
Severe AK Durate et al 0.200 0077 0.428 -2.480 0.013
Severe AK Canet et al 0.333 0236 0.447 -2.830 0.005
Severe AK Esposito et al 0.018 0.002 0.114 -3.990 0.000
Severe AK Liu et al (2) 0.065 0.044 0.096 -12.351 0.000
Severe AK Pinana et al 0.167 0120 0.227 -8.180 0.000
Severe AK Deger et al 0.040 0.010 0.146 -4.404 0.000
Severe AK Khalil et al 0.033 0.008 0.124 -4682 0.000
Severe AK Andronesietal 0.005 0.001 0.037 -5201 0.000
Severe AK Mima et al 0.037 0.014 0.095 -6.394 0.000
Severe AK 0.090 0.060 0.131 -10653 0.000
Overall 0.083 0.060 0.114 -13.422 0.000

Figure 3. Forest plots of the included studies evaluating incidence rates of severe
inhibitors for prophylaxis of graft vs. host effect,”* intravenous
immune globulin,?® underlying sepsis,'® admission to intensive
care unit,** use of mechanical ventilation,** preexisting lung
toxicity,*® incomplete human leukocyte antigen (HLA) matched
transplant,” female sex, weight gain > 10% and cytomegalo-
virus infections (Table 2).?

In general, the etiology of AKI varies based on the different
phases of HCT.**’?”* Tumor lysis syndrome and marrow intoxi-
cation syndrome manifest between 0-5days of the pre-
conditioning phase. Tumor lysis syndrome is rare in patients fol-
lowing HCT, as most are in the remission phase.”””” The inci-
dence of tumor lysis is <1 in 400 patients.” Marrow intoxication
syndrome is specifically seen in patients after HCT. Dimethyl
sulfoxide (DMSO) is used as a freezing solvent to store stem cells
and could contribute to RBC and granulocyte lysis.”® With modi-
fied stem cell storing options and limiting the amount of DMSO,
the incidence of marrow intoxication syndrome has reduced.”®

In the early phase between 1 and 4 weeks, the etiology of
AKI is attributed to chemo-induced volume loss, pre-renal
AKI,”®, ischemic acute tubular necrosis (ATN), septic ATN,%#!
engraftment syndrome,®” hepatic veno-occlusive disease,®*®’
use of nephrotoxic medications including®

Event rate and 95% CI
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AKI among patients undergoing HCT.

aminoglycosides,”®®® amphotericin'® and acyclovir.>®® Acute

graft vs. host disease (GVHD) can be seen first 100 days post-
HCT. Acute GVHD post-HCT is associated with significant renal
dysfunction and rejection episodes post-transplant.® Viral infec-
tions, including adenovirus and BK virus leading to AKI post-
HCT, are worth mentioning. Calcineurin inhibitors play a sig-
nificant role in causing renal vasoconstriction, tubular toxicity
contributing to AKI post-HCT.?®”! Transplant thrombotic micro-
angiopathy, chronic calcineurin inhibitor nephrotoxicity and
chronic GVHD are being noticed after 6-12 months post-
transplant and could lead to chronic kidney disease.*%7879:90-94

Our meta-analysis included some limitations. This system-
atic review was based on cohort studies. Thus, it is not identify-
ing any causal relationship between AKI and death rate, but it
reports associations. The missing data from the included stud-
ies related to the novel AKI biomarkers may be another limita-
tion. Due to the presence of statistical heterogeneities among
the studies, subgroup analyses were performed using standar-
dized definitions of AKI (RIFLE, AKIN and KDIGO) to mitigate the
risk of bias.

As demonstrated in our meta-analysis, AKI post-HCT is
associated with increased risk of mortality especially if RRT is



A Study name Statistics for each study
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Odds ratio and 95% CI

Odds Lower Upper Relative
ratio  limit limit Z-Value p-Value weight

Merouanietal 2492 0779 7.971 1.539 0.124 T 8.94
Gruss et al 3925 2182 7.060 4.565 0.000 —.-— 22.51
Schrieretal 2492 0779 7.971 1539 0.124 T 8.94
Caliskanetal 4.160 0468 36.956 1.279 0.201 293
Liuetal 10.000 0.919108.817 1.891 0.059 248
Lopesetal 23.296 2919185898 2971 0.003 3.22
Tokgozetal 2.000 0.166 24.069 0.546 0.585 2.30
Bao et al 6.984 1227 39.757 2.190 0.028 —_— 4.47
Mori et al 2421 1439 4.072 3.330 0.001 —-— 25.33
Sehgal et al 0.733 0.227 2.368 -0.519 0.604 — 8.82
Khalil et al 3.532 1.042 11.979 2.026 0.043 8.25
Andronesi etal 9.167 0.550152.895 1.543 0.123 1.81

3.050 2.072 4488 5654 0.000 -

0.01 0.1 1 10 100
Lower Mortality Higher Mortality
B

Study name Statistics for each study Odds ratio and 95% CI

Odds Lower Upper Relative

ratio limit limit Z-Value p-Value weight
Ando et al 3382 1972 5798 4429 0.000 —- 4593
Parikhetal (2) 1570 1.133 2176 2710 0.007 - 54.07

2233 1.056 4725 2101 0.036 e

0.01 01 1 10 100

Lower Mortality Higher Mortality

Figure 4. Forest plots of the included studies evaluating (A) mortality risk of AKI within 3 months and (B) mortality risk of AKI within 3 years after HCT.

needed. Despite medical advances, the overall incidence has
not decreased since 1995. Our effort is to increase awareness
about the continued high incidence of AKI in hopes that identi-
fying at risk patients and implementing naive preventive
measures through continued research might mitigate some
AKl-associated poor outcomes.

Supplementary material

Supplementary material is available at QJMED online.
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