
Hematological Oncology
Hematol Oncol 2015; 33: 67–74
Published online 8 April 2014 in Wiley Online Library
(wileyonlinelibrary.com) DOI: 10.1002/hon.2141
Original Research Article

A double-blind, randomized, controlled trial on
N-acetylcysteine for the prevention of acute kidney
injury in patients undergoing allogeneic hematopoietic
stem cell transplantation

Sara Ataei1, Molouk Hadjibabaie1,2, Amirhossein Moslehi1, Maryam Taghizadeh-Ghehi2*, Asieh Ashouri2,
Elham Amini3, Kheirollah Gholami1,2, Alireza Hayatshahi4, Mohammad Vaezi5 and Ardeshir Ghavamzadeh5
1Clinical Pharmacy Department, Faculty of Pharmacy, Tehran University of Medical Sciences, Tehran, Iran
2Research Center for Rational Use of Drugs, Tehran University of Medical Sciences, Tehran, Iran
3Department of Pharmaceutical Care, Shariati Hospital, Tehran University of Medical Sciences, Tehran, Iran
4Department of Pharmacy Practice, School of Pharmacy, Loma Linda University, Loma Linda, CA, USA
5Hematology–Oncology and Stem Cell Research Center, Shariati Hospital, Tehran University of Medical Sciences, Tehran, Iran
*Correspondence to:
Maryam Taghizadeh-Ghehi,
Pharm.D., Research Center for
Rational Use of Drugs, Tehran
University of Medical Sciences, 4th
floor, No. 92, Karimkhan Zand
Ave, Hafte Tir Sq., Tehran, Iran.
E-mail: taghizadehgm@razi.tums.ac.ir
Received 3 March 2014
Accepted 5 March 2014
Copyright © 2014 John Wiley & Son
Abstract
Acute kidney injury (AKI) is one of the complications of hematopoietic stem cell transplanta-
tion and is associated with increased mortality. N-acetylcysteine (NAC) is a thiol compound
with antioxidant and vasodilatory properties that has been investigated for the prevention
of AKI in several clinical settings. In the present study, we evaluated the effects of intravenous
NAC on the prevention of AKI in allogeneic hematopoietic stem cell transplantation patients.
A double-blind randomized placebo-controlled trial was conducted, and 80 patients were
recruited to receive 100mg/kg/day NAC or placebo as intermittent intravenous infusion from
day �6 to day +15. AKI was determined on the basis of the Risk–Injury–Failure–Loss–End-
stage renal disease and AKI Network criteria as the primary outcome. We assessed urine
neutrophil gelatinase-associated lipocalin (uNGAL) on days �6, �3, +3, +9 and +15 as the
secondary outcome.Moreover, transplant-related outcomes and NAC adverse reactions were
evaluated during the study period. Statistical analysis was performed using appropriate
parametric and non-parametric methods including Kaplan–Meier for AKI and generalized
estimating equation for uNGAL. At the end of the trial, data from 72 patients were analysed
(NAC: 33 patients and placebo: 39 patients). Participants of each group were not different
considering baseline characteristics. AKI was observed in 18% of NAC recipients and 15%
of placebo group patients, and the occurrence pattern was not significantly different
(p=0.73). Moreover, no significant difference was observed between groups for uNGAL
measures (p= 0.10). Transplant-related outcomes were similar for both groups, and all
patients had successful engraftment. Three patients did not tolerate NAC because of abdom-
inal pain, shortness of breath and rash with pruritus and were dropped from the intervention
group before transplantation. However, the frequency of adverse reactions was not
significantly different between groups. In conclusion, our findings could not show any clinical
benefits from high-dose NAC particularly for AKI prevention in allogeneic hematopoietic
stem cell transplantation patients. Copyright © 2014 John Wiley & Sons, Ltd.
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Introduction

Hematopoietic stem cell transplantation (HSCT) is used
increasingly to treat several malignant and non-malignant
hematological disorders as well as solid tumours [1].
Numerous complications and treatment-related toxicities
including renal impairment may limit the outcomes of
s, Ltd.
HSCT [2]. Renal impairment can also be associated with
other HSCT complications including sinusoidal occlusion
syndrome, acute graft-versus-host disease (GvHD), sepsis
and thrombotic microangiopathies [3,4].

Acute kidney injury (AKI) is a prevalent complication in
HSCT patients and usually occurs within the first month
after transplant [1]. However, the incidence, timing and
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severity of AKI vary between myeloablative and non-
myeloablative HSCT. The prevalence of AKI is reported
to be 21–73% for myeloablative allogeneic HSCT, and the
conditioning regimen has been shown to be an independent
risk factor for AKI development [5]. Several factors have been
associated with AKI in myeloablative HSCT including
sinusoidal occlusion syndrome, female sex, co-morbidity,
hypertension, acute GvHD and the use of amphotericin B
[6–8]. Moreover, cyclosporine has also been shown to be a
major cause of AKI in allogeneic HSCT [9–11].
Acute kidney injury is associated with increased short-

term and long-term mortality, and studies have shown
two to three times higher mortality rate in HSCT patients
with AKI [6,12]. In addition, literature has revealed that
prevention of AKI might reduce the severity of non-renal
organ dysfunction, incidence and severity of chronic
kidney disease and mortality rate [3,4,13]. Therefore, pre-
serving renal function is crucial for HSCT patients.
Antioxidant agents including N-acetylcysteine (NAC)

have been evaluated for the prevention and treatment of
different HSCT complications [14–17]. NAC is a thiol
compound with antioxidant and vasodilatory properties
that has also been investigated for the prevention of
contrast-induced nephropathy [18,19]. Among several
meta-analysis studies, one reported significant effects of
NAC for the prevention of contrast-induced nephropathy
[20]; however, other publications including a more recent
one have revealed heterogeneity and conflicting results
[21–23]. Some preclinical and scant human studies on
drugs other than contrast media agents have reported
positive effects of NAC for nephrotoxicity prophylaxis
[19,24,25]. Although the mechanisms of NAC nephrop-
rotection are unclear, literature shows that the decrease
of vasoconstriction and oxygen-free radical generation
might play a role in the prevention of contrast-induced
nephropathy [26].
Considering the AKI aetiologies in HSCT patients

and the aforementioned findings, NAC could be benefi-
cial for the prevention of AKI. To the extent of our
knowledge, no previous studies have evaluated such
nephroprotective effects of NAC in this setting. There-
fore, the aim of the present study was to investigate
the effects of NAC on the prevention of AKI in HSCT
patients during hospitalization.
Materials and methods

Study design

This study was a double-blind, randomized, placebo-
controlled trial that was conducted at the Hematology–
Oncology and Stem Cell Transplant Research Center,
Tehran University of Medical Sciences (Iran), between
October 2012 and September 2013. The protocol was
Copyright © 2014 John Wiley & Sons, Ltd.
reviewed and approved by the Ethics Committee of the
institution. An informed written consent was obtained
from each patient prior to the study (trial registration
ID: IRCT201306031030N14).
Study population and hematopoietic stem cell
transplantation procedure

We recruited acute myelogenous leukaemia, acute lympho-
blastic leukaemia and myelodysplastic syndrome patients
aged 15–60 years old who were admitted to receive alloge-
neic HSCT. Exclusion criteria were patients with hyperten-
sion, chronic kidney disease and diabetes mellitus.

The myeloablative conditioning regimen started 6 days
before transplantation (day �6) and included 4mg/kg oral
busulfan in divided daily doses for 4 days (total dose
16mg/kg) followed by 60mg/kg intravenous cyclophos-
phamide, once daily for 2 days (total dose 120mg/kg).
Patients received peripheral blood hematopoietic stem cells
1 day after completion of chemotherapy.

Prophylaxis regimens against GvHD consisted of cyclo-
sporine (1.5mg/kg intravenously daily from day �3 then
3mg/kg from day +7) with a short course of methotrexate
(10mg/m2 on day +1 and 6mg/m2 on days +3, +6 and +11).
Cyclosporine trough levels were monitored weekly or if the
dosing was modified. Infection prophylaxis and treatment
as well as supportive care were administered according to
the institutional protocols. Acute GvHD was graded
according to the Glucksberg et al. criteria [27].
Study groups

We randomly allocated patients to NAC or placebo group
using a blocked randomization schedule. Patients in the
intervention group received 100mg/kg/day NAC (Exir
Pharmaceuticals Company, Borujerd, Iran, 2 g/ampule)
from days �5 to +15. NAC daily dose was diluted in
500mL 5% dextrose water and administered as an inter-
mittent intravenous infusion over 3 h. The placebo (Exir
Pharmaceuticals Company, Borujerd, Iran, ampule) was
administered in the same schedule as the NAC. Physi-
cians, nursing staff, patients and data collectors were
all blind to study group allocations. One investigator
assessed inclusion and exclusion criteria, allocated pa-
tients to the study groups and provided the NAC or pla-
cebo to the nursing staff.
Study outcomes and data collection

The primary study outcome was AKI occurrence that was
defined on the basis of the Risk–Injury–Failure–Loss–
End-stage renal disease (RIFLE) and AKI Network
(AKIN) criteria. The severity of kidney injury in patients
Hematol Oncol 2015; 33: 67–74
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who developed AKI was determined according to both
aforementioned criteria [28,29]. Serum creatinine was
measured daily using the Jaffe method and documented
from the admission day until day +15.
Urine neutrophil gelatinase-associated lipocalin (uNGAL)

concentration was assessed as a secondary outcome. In
order to measure uNGAL, urine samples were collected
at baseline (day �6) and days �3, +3, +9 and +15.
Samples were stored at �70°C, and an assay was
performed using the human neutrophil gelatinase-associated
lipocalin enzyme-linked immunosorbent assay kit (cat. no.
RD191102200R, BioVendor-Laboratorní medicína a.s.,
Brno, Czech Republic).
Transplant-related outcomes including timing of neutro-

phil and platelet engraftment, fever occurrence and acute
GvHD frequency and severity were also evaluated during
hospital stay.
Patients’ characteristics including age, gender, weight,

height, underlying disease and complete remission status
were recorded at baseline. The glomerular filtration rate
at baseline was estimated using the Cockcroft–Gault equa-
tion [30]. Dosing and administration duration of nephro-
toxic drugs were also documented during study period.
Statistical analysis

A sample size of 80 patients (with statistical power of 80%
and a type 1 error of 0.05) was calculated on the basis of
the reported AKI rate of 50% in non-total body irradiation
myeloablative allogeneic HSCT patients while assuming a
reduction of the AKI rate to 30% as clinical efficacy
[1,21,31].
We used median (range), mean (SD) or frequency

(percentage) to describe the study population. Accor-
ding to the Kolmogorov–Smirnov test of normality,
independent-sample t-test or Mann–Whitney U test was
performed to compare continuous variables. A chi-square
test was used to compare categorical data. Kappa statistic
was calculated to assess the agreement of AKIN and
RIFLE definitions for AKI detection. The primary out-
come (AKI occurrence) was compared between study
groups using Kaplan–Meier estimation and log rank
test. Cox proportional hazard regression was performed
to investigate the association of several covariates with
the AKI occurrence.
We performed a generalized estimating equation (GEE)

model to compare uNGAL measures between two treat-
ment groups as we had repeated measures on individual
subjects and to account for the missing data. In the GEE
model, we entered uNGAL as the dependent variable and
the study groups and baseline uNGAL as the independent
variables. The working correlation matrix was defined as
autoregressive in the model. We considered a p-value
<0.05 to be significant in all statistical tests.
Copyright © 2014 John Wiley & Sons, Ltd.
Results

Of 80 recruited patients, data were collected and analysed
from 72 participants. In the NAC group, three patients
discontinued the drug before transplantation because of
abdominal pain, shortness of breath and rash with pruritus.
Four patients in the NAC and one patient in the placebo
group were dropped out because of lack of cooperation
with collecting urine samples, that is, no urine samples
were taken. The flow diagram of study participants is illus-
trated in Figure 1. No significant difference was observed
between groups considering gender, age, disease, complete
remission status and baseline estimated glomerular filtra-
tion rate. The patients’ demographic and clinical character-
istics are summarized in Table 1.
Acute kidney injury occurrence was not significantly

different between NAC and placebo groups on the basis
of both AKIN and RIFLE criteria (p = 0.74 and 0.97,
respectively). We observed a high agreement between AKIN
and RIFLE criteria (kappa values = 0.948, p< 0.001), and
the following results are presented according to the AKIN
criteria. Table 2 presents a summary of AKI occurrence
and severity in the study groups.
We found no relationship between AKI occurrence and

patients’ gender (p= 0.31), age (p=0.20), disease (p=0.26)
and complete remission status (p=0.93). However, use of
amphotericin B deoxycholate before AKI onset was related
to a higher rate of AKI in all study patients (p=0.01). Asso-
ciation of vancomycin use with AKI occurrence was not
significant (p= 0.07). To investigate the association of cyclo-
sporine trough levels with AKI occurrence, patients were
categorized according to the trough levels (two analysis
approaches: >200 or >300μg/L at least one time). No
significant associations were found between cyclosporine
trough levels and AKI (p= 0.43 and 0.82).
A summary of uNGAL concentrations and ratios is pro-

vided in Table 3. The uNGAL concentrations on different
days were not significantly different between study groups
(p-values> 0.05). Further analysis on the uNGAL concen-
tration ratios (day +3, +9 or +15 to baseline) also revealed
no significant difference between groups (p-values> 0.05).
There was no significant effect of intervention on uNGAL
concentrations when controlling for the time of measure-
ment (days �3, +3, +9 and +15) and the baseline concen-
tration (p = 0.10).
Transplant-related outcomes were not significantly dif-

ferent between two groups (Table 4). Although a higher
rate of severe acute GvHD (grades 3 and 4) was observed
in the placebo group (20%) than in the NAC (6%) group,
the difference was not statistically significant (p = 0.08).
In addition, no association was found between acute
GvHD and AKI occurrence (p = 0.18).
Regarding the administration of nephrotoxic drugs, we

did not observe any significant differences between NAC
and placebo groups for amphotericin B deoxycholate
Hematol Oncol 2015; 33: 67–74
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Figure 1. Flow diagram of study participants

Table 1. Patients demographic and clinical characteristics

NAC
(n=33)

Placebo
(n=39) p-value

Age (year), mean (SD) 35.0 (11) 30 (10) 0.06
BMI (kg/m2), mean (SD) 24.4 (4) 25.1 (4.4) 0.52
Female sex, no. (%) 11.0 (33) 10 (26) 0.47
Diagnosis, no. (%) 0.80a

AML 16.0 (48.5) 18 (46)
ALL 16.0 (48.5) 17 (44)
MDS 1.0 (3) 4 (10)

CR status, no. (%) 0.75b

CR1 27.0 (82) 33 (85)
CR2 6.0 (18) 5 (13)
CR3 0.0 (0) 1 (3)

eGFR (ml/min),
mean (SD)

114.0 (29) 125 (37) 0.19

ap-value reported for comparison of patients with AML and ALL.
bp-value reported for comparison of patients in CR1 and others.
AML, acute myelogenous leukaemia; ALL, acute lymphoblastic
leukaemia; BMI, body mass index; CR, complete remission; eGFR,
estimated glomerular filtration rate; MDS, myelodysplastic syn-
drome; NAC, N-acetylcysteine; SD, standard deviation.

Table 2. Occurrence of acute kidney injury in study patients

NAC
(n=33)

Placebo
(n=39) p-value

AKI occurrence, no. (%)
RIFLE criteria 5 (15) 6 (15) 0.97
AKIN criteria 6 (18) 6 (15) 0.73

AKI stages, no. (%)
Risk/injury (RIFLE
criteria)

3/2 2/4 —a

I/II (AKIN criteria) 4/2 2/4 —a

aSubgroup analysis was not performed because of small number of
patients who developed AKI.
AKI, acute kidney injury; AKIN, Acute Kidney Injury Network; NAC,
N-acetylcysteine; RIFLE, Risk–Injury–Failure–Loss–End-stage renal disease.

70 S Ataei et al.
(21% vs 23%, p= 0.85), vancomycin (51% vs 61%,
p= 0.73) and amikacin (3% vs 5%, p= 0.65). All patients
received cyclosporine for GvHD prophylaxis, and the
Copyright © 2014 John Wiley & Sons, Ltd.
frequency of patients in the aforementioned trough-level
categories was similar between NAC and placebo groups
(>200μg/L: 39% vs 54%, p = 0.08; >300 μg/L: 24% vs
31%, p = 0.36).

Frequency of patients’ complaints during NAC adminis-
tration was not different between two groups (Table 5).
NAC was discontinued in 5 of 33 patients in the NAC
group before day +15, owing to drug intolerance with
patients’ complaints of nausea/vomiting, abdominal pain,
shortness of breath and cough. No severe adverse effects
such as anaphylactoid reactions occurred.
Hematol Oncol 2015; 33: 67–74
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Table 3. Summary of urine NGAL measures

Factors

NAC (n=33) Placebo (n=39)

p-valueNo. Median (min, max) No. Median (min, max)

Urine NGAL (ng/ml) 0.10a

Baseline (day �6) 30 1.20 (0.10, 14) 34 1.20 (0.20, 41) 0.72
Day �3 31 1.20 (0.20, 34) 35 0.50 (0.20, 12) 0.46
Day +3 29 2.10 (0.10, 19) 31 1.20 (0.20, 10) 0.32
Day +9 27 2.10 (0.10, 63) 34 2.25 (0.10, 21) 0.88
Day +15 23 6.10 (0.10, 20) 32 3.15 (0.20, 28) 0.65
Day +3/day �6 ratio 26 1.31 (0.03, 12) 28 0.88 (0.01, 15) 0.09
Day +9/day �6 ratio 24 1.04 (0.20, 25) 30 0.90 (0.01, 55) 0.65
Day +15/day �6 ratio 21 3.40 (0.02, 100) 29 1.50 (0.01, 43) 0.34

ap-value reported on the basis of the generalized estimating equation method for comparison of urine NGAL con-
centration on mentioned days between groups.
NAC, N-acetylcysteine; NGAL, neutrophil gelatinase-associated lipocalin.

Table 4. Transplant-related outcomes

NAC (n=33) Placebo (n=39) p-value

Platelet engraftment timea 11 (8, 14) 10 (7, 18) 0.91
Neutrophil engraftment timeb 12 (8, 17) 12 (9, 17) 0.14
Fever, no. (%) 29 (88) 36 (92) 0.40
Acute GvHD occurrence, no. (%) 3 (8) 16 (41) 0.22
Acute GvHD grades, no. (%) 0.13
I 3 (9) 3 (8)
II 4 (12) 5 (13)
III 1 (3) 3 (8)
IV 1 (3) 5 (13)

aMedian (min, max) of days after transplantation when patients had platelet count ≥20 000 cells/mm3 lasting three
consecutive days without transfusions.
bMedian (min, max) of the first day of three consecutive days with an absolute neutrophil count of ≥500 cells/mm3

after transplantation.
GvHD, graft-versus-host disease; NAC, N-acetylcysteine.

Table 5. Frequency of NAC adverse reactions

NACa (n=36), no. (%) Placebo (n=39), no. (%) p-value

Gastrointestinal Abdominal pain 18 (50.0) 28 (71.8) 0.05
Nausea and vomiting 25 (69.4) 32 (82.1) 0.20

Respiratory Shortness of breath 5 (13.9) 3 (7.7) 0.31
Cough 9 (25.0) 16 (41.0) 0.14

Dermatologic Rash with pruritus 1 (2.8) 0 (0.0) 0.48

NAC, N-acetylcysteine.
aFrequency of NAC adverse reactions is reported in all patients who received NAC, including three patients who
could not tolerate the drug and were dropped out from the study.
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Discussion

N-acetylcysteine has been investigated for the prevention
of contrast-induced nephropathy in different clinical
settings [18,22]. In addition, NAC has been evaluated as
a prophylactic agent for non-contrast-induced kidney
Copyright © 2014 John Wiley & Sons, Ltd.
injury, mostly in preclinical studies [19]. In the present
study, we evaluated the efficacy of NAC as an AKI
prophylaxis in the HSCT setting. Furthermore, we assessed
uNGAL as a sensitive biomarker of kidney damage [32,33].
Our findings did not show any significant differences in
AKI occurrence between study groups. AKI seemed to be
Hematol Oncol 2015; 33: 67–74
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more severe in the control group; however, subgroup
analysis could not be performed because of the low fre-
quency of AKI. Our study results did not show any signifi-
cant differences in uNGAL concentrations between NAC
and placebo groups.
Acute kidney injury frequency (18% in NAC and 15%

in the placebo group) in our patients was lower than previ-
ously reported rates after myeloablative allogeneic HSCT
(21–73%) [1,4]. In a recent study at our centre, AKI rate
(defined as a twofold increase in serum creatinine from
baseline) was reported to be 42% in allogeneic HSCT
patients who received non-total body irradiation-based
myeloablative conditioning regimen [31]. In another study at
our centre, AKI was defined on the basis of the AKIN criteria
and reported to occur in 45.7% of HSCT patients [34]. Ando
et al. reported an AKI rate of 66% and 61% on the basis of
RIFLE and AKIN criteria in myeloablative HSCT [35].
However, any comparison of such studies should be carried
out cautiously because of different myeloablative condition-
ing regimens, variations in AKI definition, diversity in
patients’ diseases, donor human leucocyte antigen matching
and the stem cell source [3,4,7,36].
It should be noted that the reported median time to onset of

AKI in the aforementioned studies varies from 7 to 40 days,
and it usually occurs within the first 2–4weeks post-
transplant in allogeneic myeloablative HSCT [4]. Hence,
the relatively short follow-up duration (up to day +15) might
have underestimated the AKI rate in the present study.
Moreover, our study patients were mostly young male

adults, in their first complete remission state, with no un-
derlying organ dysfunction and receiving peripheral blood
stem cells from human leucocyte antigen-matched related
donor following non-total body irradiation myeloablative
conditioning regimen. These characteristics could have
resulted in a lower AKI rate in our study patients. Although
some of these characteristics were proposed to be risk fac-
tors for AKI [1], we could not find any association between
AKI occurrence and baseline characteristics in our study. It
is in line with studies that could not confirm age, gender
and underlying disease as risk factors for AKI [1,6].
The study groups were similar with regard to factors

affecting kidney function. Patients’ age, gender, underly-
ing diseases and complete remission status were not signif-
icantly different between groups. The rate of acute GvHD,
as a risk factor for AKI [1], was also similar in the study
groups. We should mention that the rate of severe acute
GvHD (grades 3 and 4) was higher in the placebo group
in comparison with the NAC group (20% vs 6%). On the
contrary, a previous trial on the effect of NAC for liver
toxicity management in HSCT patients revealed that the
risk of moderate acute GvHD was higher in NAC recipi-
ents [16,37]. Future studies with adequate power and fol-
low-up periods are suggested to evaluate the impact of
NAC on the GvHD rate.
Copyright © 2014 John Wiley & Sons, Ltd.
All patients received cyclosporine as GvHD prophy-
laxis, and the frequency of a high trough level was not
different in the two study groups. Evidence on the asso-
ciation of cyclosporine nephrotoxicity with the drug blood
levels is controversial [4,38], and we could not find any
association between cyclosporine trough levels and AKI
occurrence in the present study. Other potentially nephro-
toxic medications including amphotericin B deoxycholate,
vancomycin and aminoglycosides were administered to
some of our study patients either alone or in combination;
however, the frequency of use was not different between
NAC and placebo groups. In line with studies demonstrat-
ing nephrotoxic drugs to be risk factors for AKI [1,4], our
results showed that amphotericin B deoxycholate use was
associated with AKI in all study patients.

N-acetylcysteine adverse drug reactions were similar
between our study groups; however, few patients could
not tolerate NAC adverse reactions, and the drug was
discontinued because of abdominal pain, shortness of
breath and rash with pruritus. Neither serious adverse drug
reactions nor infusion-related side effects such as anaphy-
lactoid reactions occurred in the NAC group. This finding
is in agreement with another study on high-dose intrave-
nous NAC in HSCT patients [16]. Nevertheless, larger
studies with adequate sample size are required to investi-
gate the safety profile of high dose intravenous NAC.

The route of NAC administration might be an important
factor in clinical efficacy as several mechanism have been
proposed for the nephroprotective effects including antiox-
idant, vasodilatory and direct protective activities [19].
Considering NAC antioxidant properties via glutathione re-
pletion, some studies have shown that orally administered
NAC may produce higher glutathione levels in comparison
with bioequivalent intravenous doses [39]. However, some
animal studies have failed to show a significant correlation
between nephroprotective effects and glutathione levels
[21]. Regarding the direct protective effects and favourable
pharmacokinetic profile of intravenous NAC, it has been
postulated as the optimal administration route for AKI
prevention in contrast-induced nephropathy, but the results
are inconsistent [21].

According to the aforementioned roles of intravenous
NAC in AKI prevention, the required daily dose of NAC
and patients’ oral intolerance, we decided to employ the
intravenous route.
Limitations

In the present study, we observed a lower AKI frequency
in comparison with similar studies that might have affected
the study power. Frequent missed urine samples and a
relatively short follow-up were major limitations of the
current study. Although the uNGAL biomarker is highly
sensitive to kidney injury, it might be influenced by
Hematol Oncol 2015; 33: 67–74
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extrarenal sources, systemic infection and inflammatory
conditions [40]. However, the fever rate was not different
between two groups in our study. In addition, as the renal
function is highly variable in HSCT patients, a more fre-
quent assessment of the uNGAL biomarker might have
been required to detect kidney injury.
In conclusion, the present study did not show any benefit

from high-dose NAC for AKI prevention in allogeneic
HSCT patients. However, these results should be inter-
preted with caution considering our study limitations, par-
ticularly the short-term follow-up.
Future studies should also investigate the potential of the

uNGAL biomarker to predict AKI in the HSCT setting.
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