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Abstract

Background: Despite nephrotoxicity concerns, liposomal amphotericin B (L-AMB) remains essential for treating invasive fungal in-
fections in immunocompromised patients. Therefore, this study aimed to evaluate the incidence of L-AMB-associated nephrotoxicity,
assess the effectiveness of nephroprotective premedication, determine treatment efficacy, and identify risk factors for adverse outcomes.
Methods: A retrospective analysis was conducted on adult hematology–oncology patients who received intravenous L-AMB for≥7 days
between January 2017 and December 2020. Patients with pre-existing dialysis dependency or acute kidney injury were excluded. The
primary endpoint was the incidence of acute kidney injury within two weeks of L-AMB administration. Secondary endpoints included
treatment efficacy, biomarker associations, predictors of nephrotoxicity, and the effectiveness of nephroprotective strategies. Results:
Among the 90 analyzed patients, 46.7% (42/90) developed nephrotoxicity within two weeks of L-AMB treatment, whereas 53.3% (48/90)
did not experience nephrotoxicity. Treatment efficacy was high, with 83.3% of patients avoiding breakthrough fungal infections. Me-
dian serum creatinine levels were significantly higher in the nephrotoxicity group both before and after treatment (p < 0.001). Logistic
regression identified advancing age as significantly associated with higher odds of nephrotoxicity (odds ratio (OR) = 1.032; p = 0.017).
Concomitant use of colistin (OR = 10.10; p = 0.008) and cyclosporine (OR = 9.01; p = 0.027) significantly increased nephrotoxicity
risk. No significant association was found between the galactomannan/β-D-glucan results and breakthrough infections (p = 0.131) or
between nephroprotective premedication protocols and nephrotoxicity prevention (p = 0.798). Conclusions: L-AMB-associated nephro-
toxicity affected 46.7% of the included hematology–oncology patients while maintaining acceptable antifungal efficacy (83.3% without
breakthrough infections). Advancing age, colistin, and cyclosporine were identified as independent risk factors with additive nephro-
toxic mechanisms. The absence of demonstrable benefits from premedication strategies likely reflects methodological limitations. These
findings support enhanced renal monitoring for patients receiving concurrent nephrotoxic agents and highlight the need for prospective
studies to optimize nephroprotective strategies.
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1. Introduction
Invasive fungal infections cause severe morbidity and

mortality, particularly in immunocompromised patients [1].
Patients at risk include those receiving cancer chemother-
apy, patients with HIV infection, and those with acute
leukemia or hematopoietic stem cell transplant recipients
who experience prolonged neutropenia [2].

Amphotericin B is a polyene antifungal drug exhibit-
ing broad-spectrum efficacy against yeasts, molds, and the
protozoan parasite Leishmania species [3]. This extensive
range of activity led to its recognition as the gold standard
of antifungal therapy for many years [1]. However, the use
of amphotericin B has been limited by its association with

high incidences of infusion-related adverse events and sig-
nificant toxicity, such as nephrotoxicity, liver disorder, or
hypokalemia [1,4].

Nephrotoxicity is the most clinically significant side
effect of amphotericin B [5]. Key characteristics of ampho-
tericin B-induced nephrotoxicity include elevated serum
creatinine levels, diminished glomerular filtration rate
(GFR), urine potassium depletion, hypokalemia, urinary
magnesium depletion, and hypomagnesemia [6]. Normal-
saline loading and slow-rate administration of amphotericin
B are thought to decrease acute renal damage, hypokalemia,
and deadly arrhythmias [5,7].
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Liposomal amphotericin B (L-AMB) is a lipid-
associated formulation of the broad-spectrum polyene an-
tifungal agent amphotericin B derived from Streptomyces
nodosus [8], which was developed to reduce the toxicity of
amphotericin B without compromising its antifungal activ-
ity [4]. This specific liposomal formulation reduces tissue
distribution to the kidneys and drug-associated nephrotoxi-
city [9,10]. In vitro and in vivo investigations have demon-
strated that liposomal amphotericin B accumulates at fungal
infection sites, where it adheres to fungal cell membranes
and induces cell death [11,12]. Furthermore, L-AMB re-
mains strongly bound to liposomes in circulation, thereby
reducing the risk of nephrotoxicity and infusion-related tox-
icity associated with conventional amphotericin B [11,13].

Despite the advancement of liposomal formulations
designed to mitigate toxicity, L-AMB remains linked to
clinically significant nephrotoxicity [14]. Although cer-
tain patients may exhibit transient increases in serum creati-
nine that resolve post-treatment, a previous study has shown
that a significant percentage of patients develop acute renal
injury during therapy. Electrolyte imbalances, especially
hypokalemia, are commonly observed and may occur in-
dependently of changes in serum creatinine levels. These
findings collectively suggest that nephrotoxicity associated
with L-AMB is reduced compared to conventional ampho-
tericin B; however, it is not entirely eliminated, and remains
a significant therapeutic concern, especially among high-
risk populations [15].

A study using standardized criteria such as the RI-
FLE classification in patients with hematological malignan-
cies demonstrated that approximately one-third of patients
treated with L-AMB experience some degree of renal in-
jury, with 19.4% at risk, 13.6% with injury, and 5.8% with
failure, while severe renal failure is primarily seen in asso-
ciation with multiorgan failure [16].

Notably, most of the available data on the incidence
and risk factors for L-AMB nephrotoxicity originate from
Western settings [16,17]. There is a lack of contemporary,
region-specific studies applying standardized nephrotoxic-
ity definitions inMiddle Eastern settings, and little is known
about the influence of local patient characteristics, clinical
practices, and co-administered nephrotoxic agents in this
context. Addressing this knowledge gap is vital for in-
forming clinical practice and optimizing the management
of invasive fungal infections in hematology-oncology pa-
tients in Saudi Arabia. Given insufficient local data, this
study aimed to retrospectively evaluate the occurrence of
nephrotoxicity among hematology-oncology patients who
received L-AMB for invasive fungal infections and to as-
sess risk factors in patients who developed nephrotoxicity
at King Abdulaziz Medical City in Jeddah.

2. Material and Methods
2.1 Study Design and Subjects

Ethical approval for this study was granted by the
Ethics Committee at the King Abdullah International Med-
ical Research Center (KAIMRC), under approval code
NRJ23J/340/12. The study was designed as a retrospective
chart review, utilizing clinical data extracted from the Best-
Care® electronic health record system. This analysis in-
cluded all patients who received intravenous L-AMB from
January 1, 2017, through December 31, 2020, at King Ab-
dulaziz Medical City in Jeddah (KAMC-J).

2.2 Study Population and Selection Criteria
The study cohort comprised adult hematology-

oncology in patients who received L-AMB therapy. El-
igibility criteria required a minimum age of 18 years, ir-
respective of gender, with documented L-AMB adminis-
tration for ≥7 days. To ensure appropriate assessment of
renal function, participants with established dialysis de-
pendency (peritoneal or hemodialysis) for more than three
months were excluded from analysis. The study proto-
col required availability of anthropometric data (height and
weight) within 7 days prior to L-AMB initiation, as these
parameters were essential for creatinine clearance calcu-
lations. Subjects were deemed ineligible if they had pre-
existing acute kidney injury, defined as either a 1.5-fold el-
evation in serum creatinine within 7 days or a 0.3 mg/dL
increment within 48 hours prior to L-AMB initiation. Ad-
ditional exclusion criteria included documented hypersen-
sitivity to L-AMB, pregnancy, and lactation.

2.3 Study Objectives
2.3.1 Primary Endpoint

To assess the incidence of acute kidney injury (AKI)
linked to the administration of L-AMB in the hematology-
oncology cohort at King Abdulaziz Medical City-Jeddah.

2.3.2 Secondary Endpoints
• To assess the clinical efficacy of L-AMB, defined as
the absence of breakthrough invasive fungal infections
during and within two weeks following the treatment
course.

• To examine the association between fungal biomarkers
(galactomannan and β-D-glucan) and clinical outcomes
following L-AMB therapy.

• To identify predictors of L-AMB–associated nephrotox-
icity, including clinical factors and concomitant nephro-
toxic medications.

• To evaluate the effectiveness of nephroprotective pre-
medication strategies administered prior to L-AMB ther-
apy in reducing the risk of AKI.
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2.4 Outcome Definitions

• Amphotericin B-Associated Nephrotoxicity: Defined as
acute kidney injury occurring during amphotericin B
treatment, classified according to the kidney disease:
Improving Global Outcomes (KDIGO) criteria, which
serves as the current evidence-based diagnostic bench-
mark. The KDIGO framework defines nephrotoxic-
ity based on serum creatinine elevation from baseline,
with thresholds ranging from an absolute increase ≥0.3
mg/dL or≥1.5× baseline for mild injury to≥3.0× base-
line increase or requirement for renal replacement ther-
apy in severe cases [18].

• Breakthrough Fungal Infection: Breakthrough fungal in-
fection is defined as any invasive fungal infection (IFI)
that occurs while a patient is receiving antifungal ther-
apy, including infections caused by fungi outside the
drug’s spectrum [19].

• Premature Discontinuation: Defined as any instance
where a patient fails to complete the recommended du-
ration of the antifungal therapy, for reasons that may in-
clude, but are not limited to, associated toxicity or insuf-
ficient efficacy, including alleviation of fever [20,21].

• Premedication for L-AMB Therapy: Premedication
Classification: Patients were categorized based on pre-
medication components received prior to L-AMB ad-
ministration. ‘Hydration plus infusion prophylaxis’ in-
cluded patients who received both intravenous hydra-
tion (≥1 liter of 0.9% sodium chloride, administered as
500 mL before and 500 mL after L-AMB infusion) and
infusion-reaction prophylaxis (acetaminophen, diphen-
hydramine, and/or hydrocortisone administered 30–60
minutes prior to L-AMB) [22]. ‘Infusion prophylaxis
only’ included patients who received infusion-reaction
prophylaxis without adequate hydration. ‘Hydration
only’ included patients who received intravenous hydra-
tion without infusion-reaction prophylaxis. Classifica-
tion was based on documentation in the electronic health
record within 24 hours of each L-AMB administration.
Hydration adequacy was defined according to institu-
tional protocol; however, actual volumes administered,
and urine output targets were not uniformly documented.

2.5 Statistical Analysis
This work utilized IBM SPSS Statistics version 25.0

(IBM Corp., Armonk, NY, USA) for statistical analysis.
The normality of continuous variables was evaluated by his-
tograms and the Shapiro-Wilk test. Demographic character-
istics were presented as frequencies and percentages for cat-
egorical variables, whereas continuous data were expressed
as means ± standard deviation or medians with interquar-
tile ranges as appropriate. Group comparisons for regularly
distributed data used the Student’s t-test, while the Mann-
Whitney U test and Kruskal-Wallis tests was utilized for
non-normally distributed data. Associations between cate-

gorical variables were examined using contingency tables
and the chi-squared (χ2) test.

Univariate binary logistic regression was performed
for all demographic, clinical, and medication variables (n
= 35 medications). Variables with p < 0.25 were consid-
ered for multivariable modeling [23]. Medications with n
≤ 2, specifically, ciprofloxacin (n = 2) and aztreonam (n =
2) were excluded due to separation problems (convergence
failure) [24]. The final multivariable model was restricted
to five predictors, yielding an events per variable (EPV) ra-
tio of 8.4 (42 events ÷ 5 variables), consistent with rec-
ommended guidelines of 5–10 events per variable [25,26].
Results are reported as adjusted odds ratios (OR) with 95%
confidence intervals (CI). Multivariate logistic regression
analysis was performed to identify independent predictors
of AKI. Statistical significance was set at p < 0.05.

3. Results
This study compared the demographic and clinical

characteristics of patients with nephrotoxicity to those with-
out nephrotoxicity (Table 1). In the nephrotoxicity group,
69% were male, whereas the no nephrotoxicity group com-
prised 60.4% males (p = 0.4). The median age was signifi-
cantly higher in the nephrotoxicity group (59 years, IQR:
35.3–73.3) compared to the no nephrotoxicity group (47
years, IQR: 26.5–60.5, p = 0.03). Body weight was sim-
ilar between groups, with median values of 70.4 kg in the
nephrotoxicity group and 71.5 kg in the no nephrotoxicity
group (p = 0.9). The median dosage of L-AMB and treat-
ment duration were similar between groups, exhibiting no
significant difference (p = 0.3 and p = 0.7, respectively).
Median serum creatinine levels were significantly elevated
in the nephrotoxicity group relative to the no nephrotox-
icity group, both before (68.5 vs. 55 µmol/L, p = 0.01)
and after to L-AMB administration (102.5 vs. 53 µmol/L, p
< 0.001). Creatinine clearance (CrCl) levels showed sub-
stantial differences both before (p < 0.001) and after (p
< 0.001) L-AMB initiation. Potassium and magnesium
concentrations showed no significant differences between
groups before or after therapy (p > 0.05).

3.1 Incidence of L-AMB-Associated Acute Kidney Injury

The incidence of nephrotoxicity within two weeks of
L-AMB administration was 46.7%, with 42 out of 90 pa-
tients developing nephrotoxicity. In contrast, 53.3% of
patients (48 out of 90) did not experience nephrotoxicity
within this timeframe.

3.2 Assessment of Treatment Efficacy and Breakthrough
Fungal Infection Incidence During and Post-L-AMB
Therapy

Treatment efficacy, assessed by the absence of break-
through fungal infections during and post-L-AMB ther-
apy, revealed that 83.3% of patients (75 out of 90) did
not experience breakthrough infections. However, 16.7%
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Table 1. Comparison of baseline characteristics between patients with and without L-AMB–associated nephrotoxicity (n = 90).

Variable
Nephrotoxicity group (n = 42) No nephrotoxicity group (n = 48)

p-value
Mean ± SD, n (%), or Median [Q1, Q3]

Age 59 (35.3–73.3) 47 (26.5–60.5) 0.03
Gender 0.4

Male 29 (69) 29 (60.4)
Female 13 (31) 19 (39.6)

Body weight (kg) 70.40 (55.2–81.6) 71.5 (56.8–78) 0.9
Dose of L-AMB (mg/kg/day) 5 (5–5) 5 (3.7–5) 0.3
Dose category 0.5

Dose ≤3 mg/kg/day 8 (19) 11 (22.9)
Dose >3 and <5 mg/kg/day 31 (73.8) 36 (75)
Dose ≥5 mg/kg/day 3 (7.2) 1 (2.1)

Duration of L-AMB (days) 16 (6.8–28.5) 17 (9–30) 0.7
SCr (µmol/L), pre-L-AMB (−2 weeks) 68.5 (52.8–90.8) 55 (48.3–65.8) 0.01
CrCl (mL/min), pre-L-AMB (−2 weeks) 94.4 (48.5–120.3) 124 (106–153) <0.001
SCr (µmol/L), post-L-AMB (+2 weeks) 102.5 (57.3–138.5) 53 (45.3–69.5) <0.001
CrCl (mL/min), post-L-AMB (+2 weeks) 61 (48.4–97) 120 (95–153.50) <0.001
K+ (mmol/L), pre-L-AMB (−24 h) 3.9 (3.5–4.5) 3.8 (3.5–4.2) 0.6
K+ (mmol/L), post-L-AMB (+24 h) 3.7 ± 0.72 3.7 ± 0.59 0.6
Mg2+ (mmol/L), pre-L-AMB (−24 h) 0.83 (0.73–0.96) 0.78 (0.69–0.87) 0.1
Mg2+ (mmol/L), post-L-AMB (+24 h) 0.82 (0.77–0.94) 0.83 (0.77–0.92) 0.7
Premedication strategy 0.8

Hydration + Infusion Prophylaxis 37 (88.1) 40 (83.3)
Infusion Prophylaxis Only 4 (9.5) 6 (12.5)
Hydration Only 1 (2.4) 2 (4.2)

Breakthrough fungal infection 0.4
No Breakthrough Infection 33 (78.6) 42 (87.5)
Breakthrough Infection 9 (21.4) 6 (12.5)

Indications 0.5
Candida species 18 (42.9) 20 (41.7)
Aspergillus species 9 (21.4) 7 (14.6)
Other fungal species 6 (14.3) 13 (27.1)
Empirical treatment 9 (21.4) 8 (16.7)

Values are presented as mean± standard deviation (SD), median [Q1, Q3], or number (percentage), as appropriate. Compar-
isons between groups were performed using an independent t-test or Mann–Whitney U test for continuous variables, and a
Chi-square test or Fisher’s exact test for categorical variables. L-AMB, Liposomal Amphotericin B; SCr, Serum Creatinine;
CrCl, Creatinine Clearance; K+, Potassium; Mg2+, Magnesium.

(15 patients) experienced breakthrough infections. Among
those with breakthrough infections, a variety of Candida
species were identified, with Candida auris being the most
frequently reported, alongside Candida albicans, Candida
parapsilosis, Candida glabrata, and Candida krusei. There
were also instances of possible invasive candidiasis and
heavy growth of Candida species, some associated with
pneumonia. Further analysis by L-AMB dose category
did not reveal a statistically significant association between
dose level and the occurrence of breakthrough infections
(χ2(2) = 3.357, p = 0.187), and both Phi and Cramér’s V
indicated a weak, non-significant relationship (0.193, p =
0.187).

A backward stepwise logistic regression (Backward
LR) analysis was conducted to determine factors associated

with the likelihood of breakthrough fungal infection. The
analysis identified the Charlson Comorbidity Index (CCI)
as a significant predictor across multiple steps. In the fi-
nal model (Step 8), a higher CCI was associated with an
increased risk of breakthrough fungal infection (B = 0.337,
p = 0.002), with an odds ratio (Exp(B)) of 1.401, indicat-
ing that each unit increase in CCI raised the odds of break-
through infection by approximately 40%. Age, gender,
galactomannan or β-D-glucan, and dose category were not
significant predictors in the final model, with p-values >
0.05.

4

https://www.imrpress.com


3.3 Association of Galactomannan/β-D-Glucan and
Breakthrough Fungal Infection Analysis

A chi-square analysis was conducted to examine the
association between Galactomannan/β-D-Glucan testing
and breakthrough fungal infections. Among the 90 cases
analyzed, 75 patients (83.3%) did not develop breakthrough
fungal infections, while 15 patients (16.7%) experienced
breakthrough infections. Of those who tested positive for
Galactomannan/β-D-Glucan (n = 46), 41 patients had no
breakthrough infections and 5 developed breakthrough in-
fections. Among those with negative results (n = 44),
34 patients had no breakthrough infections and 10 de-
veloped breakthrough infections. The Pearson chi-square
test revealed no statistically significant association between
Galactomannan/β-D-Glucan results and breakthrough fun-
gal infections (χ2 = 2.277, df = 1, p = 0.131).

3.4 Logistic Regression Analysis on Nephrotoxicity
Associated With Amphotericin B and Other Nephrotoxic
Drugs

To assess the risk factors associated with nephro-
toxicity among patients receiving L-AMB, a univari-
ate (crude) binary logistic regression was initially per-
formed for demographic and clinical variables, includ-
ing age, gender, weight, BMI, L-AMB dose, premedica-
tion use, CCI, and all 35 concomitant nephrotoxic med-
ications individually. Among demographic and clini-
cal variables, only age showed a trend toward signifi-
cance (p < 0.25) in univariate analysis. Among the 35
concomitant nephrotoxic medications screened, six met
the p < 0.25 threshold (colistin, ceftazidime-avibactam,
cyclosporine, piperacillin/tazobactam, ciprofloxacin, and
aztreonam). However, ciprofloxacin (n = 2) and aztreonam
(n = 2) were excluded from multivariable modeling due
to model convergence failure in univariate analysis. Com-
plete univariate results for all 35 medications are provided
in Supplementary Table 1.

The final multivariate model was adjusted for
age, colistin, cyclosporine, ceftazidime-avibactam, and
Piperacillin/tazobactam use. In the adjusted analysis, ad-
vancing age was significantly associated with higher odds
of nephrotoxicity (adjusted OR = 1.032; 95% CI: 1.005–
1.059; p = 0.017), with each additional year increasing the
odds by 3.2%. Among the evaluated nephrotoxic agents,
colistin use showed the strongest association with nephro-
toxicity, with patients receiving colistin having 10.10 times
higher odds of developing nephrotoxicity compared to
those who did not (adjusted OR = 10.10; 95% CI: 1.85–
55.56; p = 0.008). Cyclosporine use was also significantly
associated with increased odds of nephrotoxicity (adjusted
OR = 9.01; 95% CI: 1.29–62.50; p = 0.027). Although
ceftazidime-avibactam showed a trend toward increased
risk (adjusted OR = 5.99; 95% CI: 0.62–58.82; p = 0.122),
this association did not reach statistical significance. In ad-

dition, Piperacillin/tazobactam use was not statistically sig-
nificant (adjustedOR= 0.43; 95%CI: 0.10–1.81; p = 0.249)
(Fig. 1).

3.5 Assessment of Nephroprotective Premedication
Protocols Prior to L-AMB Administration

The assessment of nephroprotective premedication
protocols Prior to L-AMB administration revealed vari-
able distributions across nephrotoxicity groups. Among pa-
tients who developed nephrotoxicity (n = 42), the major-
ity received both hydration and infusion prophylaxis (n =
37, 88.1%), followed by infusion prophylaxis only (n = 4,
9.5%), and hydration only (n = 1, 2.4%). Similarly, among
patients without nephrotoxicity (n = 48), most received both
hydration and infusion prophylaxis (n = 40, 83.3%), while
6 (12.5%) received infusion prophylaxis only and 2 (4.2%)
received hydration only. Statistical analysis showed no
significant association between premedication strategy and
nephrotoxicity incidence (Φ = 0.071, p = 0.798) (Fig. 2).

4. Discussion
The primary finding of this study was that nearly

half of the patients (46.7%) undergoing L-AMB treat-
ment developed nephrotoxicity within two weeks of treat-
ment initiation. A critical observation was that patients
who subsequently developed nephrotoxicity had signif-
icantly elevated baseline serum creatinine levels (68.50
µmol/L) compared to those who remained nephrotoxicity-
free (55 µmol/L, p = 0.01). Regarding treatment efficacy,
L-AMB demonstrated good antifungal effectiveness, with
83.3% of patients (75 out of 90) experiencing no break-
through fungal infections, while 16.7% (15 patients) de-
veloped breakthrough infections predominantly involving
Candida species, with Candida auris being the most fre-
quently reported pathogen. The Charlson Comorbidity In-
dex emerged as a significant predictor of breakthrough in-
fections (B = 0.337, p = 0.002), with each unit increase in
CCI associated with a 40% increase in odds of treatment
failure (OR = 1.401), highlighting the critical impact of un-
derlying comorbidities on therapeutic outcomes. Nephro-
toxicity was influenced by concomitant medications, par-
ticularly colistin (adjusted OR = 10.10, p = 0.008), which
emerged as the strongest independent risk factor, followed
by cyclosporine (adjusted OR = 9.01, p = 0.027). Age also
contributed to nephrotoxicity risk, with each additional year
associated with a 3.2% increase in odds of developing re-
nal complications (adjusted OR = 1.032, p = 0.017). No-
tably, nephroprotective pre-medication protocols demon-
strated minimal effectiveness in preventing nephrotoxic-
ity, with no statistically significant association observed be-
tween full pre-medication administration and renal protec-
tion (p = 0.798).

The observed nephrotoxicity incidence of 46.7% in
our cohort represents a substantial proportion of patients
experiencing renal complications during L-AMB therapy.
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Fig. 1. Forest plot of adjusted odds ratios from multivariate logistic regression for nephrotoxicity within 2 weeks. The vertical
dashed line indicates OR = 1 (no effect). Error bars represent 95% confidence intervals.

This finding aligns with contemporary reports demonstrat-
ing variable nephrotoxicity rates across different patient
populations and clinical settings. A retrospective analy-
sis of 75 patients receiving L-AMB at doses of 1, 3, and 5
mg/kg reported an overall nephrotoxicity rate of 56% [27].
Similarly, a cohort study of 103 treatment courses in pa-
tients with hematological malignancies found that 38.3% of
patients developed some degree of renal injury according
to RIFLE criteria, with 19.4% classified as at risk, 13.6%
meeting injury classification, and 5.8% developing renal
failure [16]. In contrast, a large Japanese multicenter study
involving 507 patients reported a 37% incidence of acute
kidney injury defined by KDIGO criteria, suggesting that
nephrotoxicity definitions and patient populations signifi-

cantly influence reported incidence rates [28]. The gen-
der distribution in our study (64.4% male, 35.6% female)
reflects typical demographic patterns in patients requiring
antifungal therapy, though gender itself did not emerge as a
significant predictor of nephrotoxicity development. These
findings collectively underscore that L-AMB nephrotox-
icity remains a clinically significant concern despite im-
proved safety profiles compared to conventional ampho-
tericin B formulations.

The high nephrotoxicity rate observed in our co-
hort likely reflects the unique vulnerability of hematology-
oncology patients due to several compounding factors:
profound and prolonged immunosuppression from un-
derlying malignancies and cytotoxic therapies, polyphar-
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Fig. 2. Distribution of premedication strategies among patients with and without nephrotoxicity (N = 90). Percentages shown
within bars represent proportions within each group.

macy involving multiple concurrent nephrotoxic agents
(chemotherapy, calcineurin inhibitors, broad-spectrum an-
timicrobials), additional metabolic insults including tumor
lysis syndrome and sepsis-related acute kidney injury, and
the clinical imperative for prolonged high-dose antifungal
therapy without the option of treatment discontinuation de-
spite emerging toxicity [16].

Treatment efficacy results demonstrated acceptable
therapeutic outcomes, with 83.3% of patients remaining
free from breakthrough infections, which aligns favorably
with historical L-AMB efficacy data. A pivotal random-
ized trial comparing L-AMB with conventional ampho-
tericin B reported significantly fewer breakthrough fungal
infections (3.2% vs. 7.8%, p = 0.009), with candidemia
representing the predominant breakthrough pattern [20].
Recent pharmacokinetic/pharmacodynamic study suggests
that standard L-AMBdoses (3mg/kg)may provide subopti-
mal coverage against C. auris isolates, with higher doses (5
mg/kg) potentially required for adequate therapeutic expo-
sure [29]. The absence of dose-dependent associations with
breakthrough infections in our analysis (p = 0.187) sug-
gests that factors beyond dosing, particularly host-related
variables, may be more critical determinants of treatment
failure. The identification of the CCI as a significant pre-
dictor of breakthrough infections (OR = 1.401, p = 0.002)
represents a clinically important finding with substantial

prognostic implications. This association is consistent with
extensive literature demonstrating the CCI’s utility in pre-
dicting adverse outcomes across diverse infectious disease
scenarios, including candidemia, where combined comor-
bidity and severity scores effectively stratify mortality risk
[30]. The 40% increase in breakthrough infection odds
per unit CCI increase underscores the profound impact of
underlying comorbidities on antifungal treatment success,
likely reflecting compromised immune function, altered
drug metabolism, and reduced physiological reserves in pa-
tients with multiple concurrent conditions.

The absence of statistically significant association be-
tween galactomannan/β-D-glucan test results and break-
through fungal infections (χ2 = 2.277, p = 0.131) high-
lights important limitations in the predictive utility of these
biomarkers for treatment monitoring during L-AMB ther-
apy. While galactomannan and β-D-glucan assays have
established roles in diagnosing invasive fungal infections,
with meta-analyses demonstrating sensitivities of 61–77%
and specificities of 60–85% for various fungal pathogens,
their performance in predicting treatment failure appears
suboptimal [31,32]. The weak negative correlation ob-
served (Phi = –0.159, p = 0.131) suggests minimal pre-
dictive value for identifying patients at risk of break-
through infections during antifungal therapy. This find-
ing contrasts with literature supporting the utility of se-
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rial biomarker monitoring for therapeutic response assess-
ment, where decreasing galactomannan levels have been as-
sociated with improved survival in patients with invasive
aspergillosis, and persistently elevated levels predict poor
outcomes [33,34]. However, the current analysis focused
on breakthrough infections rather than overall treatment re-
sponse, which may explain the divergent results. The per-
formance of these biomarkers in predicting breakthrough
infections may be compromised by several factors, includ-
ing the heterogeneous nature of breakthrough pathogens ob-
served in our study, where Candida species predominated
over Aspergillus infections [35]. Galactomannan testing
demonstrates superior performance for Aspergillus-related
infections compared to other fungal pathogens, while β-D-
glucan has broader fungal coverage but reduced specificity
[36,37]. Moreover, simultaneous antifungal treatment can
markedly influence biomarker levels, potentially diminish-
ing their sensitivity for identifying breakthrough infections,
as patients undergoing mold-active prophylaxis exhibit re-
duced galactomannan positivity despite the presence of in-
vasive aspergillosis [38]. The weak association observed in
our study suggests that clinical assessment, imaging find-
ings, and microbiological confirmation remain more reli-
able indicators of treatment failure than biomarker surveil-
lance alone. These findings support the current recommen-
dation that galactomannan and β-D-glucan should be used
as adjunctive diagnostic tools rather than standalone predic-
tors of therapeutic outcomes, particularly in the complex
clinical scenario of breakthrough fungal infections during
established antifungal therapy.

Multivariable logistic regression identified age, col-
istin, and cyclosporine as independent predictors of nephro-
toxicity. advancing age was significantly associated with
nephrotoxicity (adjusted OR = 1.032; p = 0.017), consis-
tent with diminished renal functional reserve in older pa-
tients [39]. Colistin demonstrated the strongest association
(adjusted OR = 10.10; p = 0.008). The mechanistic ba-
sis for this synergistic toxicity is well-established: colistin
induces proximal tubular necrosis through membrane per-
meability changes and oxidative stress [40,41], while am-
photericin B causes renal vasoconstriction and direct tubu-
lar damage [42]. Concurrent administration produces addi-
tive nephrotoxic effects, with clinical studies reporting AKI
rates exceeding 50% when polymyxins are combined with
other nephrotoxic agents [41]. Cyclosporine was also in-
dependently associated with nephrotoxicity (adjusted OR
= 9.01; p = 0.027). Cyclosporine induces afferent arterio-
lar vasoconstriction through enhanced endothelin-1 produc-
tion and reduced prostaglandin synthesis, decreasing renal
blood flow [43,44]. This hemodynamic compromise poten-
tiates amphotericin B tubular toxicity, and both agents inde-
pendently deplete magnesium and potassium, compound-
ing electrolyte disturbances [45]. The risk associated with
ceftazidime-avibactam (adjusted OR = 5.99; 95% CI: 0.62–
58.82; p = 0.122) reflects contemporary observations of en-

hanced nephrotoxicity in real-world clinical practice com-
pared to controlled trials [46]. Piperacillin/tazobactam was
not significantly associated (p = 0.249).

The absence of a statistically significant association
between premedication strategy and nephrotoxicity (Phi =
0.071, p = 0.798) warrants careful interpretation and should
not be construed as evidence that hydration is ineffective.
This finding contrasts with established evidence support-
ing aggressive hydration strategies in amphotericin B ther-
apy. Previous controlled study has consistently demon-
strated that saline loading with 1 liter of 0.9% normal saline
significantly reduces nephrotoxicity compared to dextrose
administration [47]. The landmark study by Mayer et
al. [48] involving 61 patients with hematologic malignan-
cies showed that massive hydration to ensure urine out-
put ≥4000 mL/day effectively prevented nephrotoxicity,
although patients still required substantial electrolyte sup-
plementation. A prospective study of 77 consecutive pa-
tients receiving conventional amphotericin Bwith standard-
ized hydration protocols (≥1 L/m2 body surface containing
≥1 L of 0.9% saline daily) reported successful nephropro-
tection with manageable toxicity profiles [49].

Several methodological factors likely explain the dis-
cordance between our findings and established literature,
preventing definitive conclusions regarding hydration ef-
ficacy. First, our premedication classification combined
nephroprotective hydration with infusion-reaction prophy-
laxis into composite categories, potentially obscuring the
independent protective effect of hydration. The majority
of patients (85.6%) received both interventions simultane-
ously, limiting our ability to isolate the specific contribution
of saline hydration to renal protection. Second, the retro-
spective design precluded standardized assessment of crit-
ical variables including actual volumes of intravenous flu-
ids administered versus ordered, timing of hydration rela-
tive to L-AMB infusion, achievement of target urine output,
and patient adherence to oral fluid intake recommendations.
Electronic health record documentation may not accurately
reflect actual fluid administration or physiological hydra-
tion status. Third, the very small number of patients in the
‘infusion prophylaxis only’ (n = 10) and ‘hydration only’
(n = 3) groups severely limits statistical power to detect a
protective effect. This sample size limitation likely con-
tributes to a Type II error, wherein a true nephroprotective
benefit of hydration may have gone undetected. Fourth, in
our high-risk hematology-oncology population with multi-
ple concurrent nephrotoxic exposures and complex clinical
conditions (including frequent fluid restrictions due to car-
diac or pulmonary complications), the independent effect
of hydration may be difficult to isolate.

These findings highlight the need for prospective stud-
ies with standardized, protocol-driven hydration regimens
and objective measures of hydration adequacy to properly
evaluate nephroprotective strategies during L-AMB ther-
apy, rather than suggesting that hydration is ineffective.
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This study has several limitations. The retrospective
methodology limits causal inference and may introduce se-
lection bias, while the single-center setting may limit gen-
eralizability to institutions with diverse patient populations
or clinical practices. The small sample size (n = 90 pa-
tients with 42 nephrotoxicity events) may limit statistical
power and increase the risk of overfitting in multivariable
analysis. A structured variable-selection technique was uti-
lized to mitigate this risk. Preliminary univariate (crude) lo-
gistic regression analyses were performed for demographic
and clinical factors, encompassing all 35 evaluated concur-
rent nephrotoxic medications. Variables with a p-value less
than 0.25 and/or demonstrated biological plausibility were
deemed eligible for inclusion in the multivariable model.
Medications with very small sample sizes (n ≤ 2) were ex-
cluded due to model convergence issues. Following the
events-per-variable guideline of approximately 10 events
per predictor, the final model was intentionally restricted
to five clinically relevant predictors (age and four medica-
tions) to enhance stability and interpretability. Complete
univariate results are provided in Supplementary Table 1
for transparency. Nonetheless, residual confounding can-
not be entirely ruled out, and the results should be evaluated
with due caution.

While our structured approach to variable selection
enhancedmodel stability, the relatively small number of pa-
tients exposed to certain medications resulted in wide con-
fidence intervals for some associations. For instance, the
adjusted odds ratio for colistin was 10.10 (95% CI: 1.85–
55.56), indicating considerable uncertainty in the precise
magnitude of effect despite statistical significance. These
wide intervals reflect the limited precision inherent to small
sample studies and underscore the preliminary nature of
our findings. Larger multicenter studies with greater num-
bers of exposed patients are needed to validate these as-
sociations, narrow confidence intervals, and provide more
definitive estimates of nephrotoxic risk.

Additionally, potential confounders not uniformly
documented in medical records, such as hydration status,
timing of drug administration, or other unmeasured patient-
specific variables may have affected the observed relation-
ships. Although nephrotoxicity was defined using accepted
criteria, this definition may not capture subclinical renal in-
jury or the complete spectrum of renal failure. The lack
of long-term follow-up prevents the evaluation of chronic
kidney disease development or enduring renal damage.

5. Conclusions
This study demonstrates that L-AMB-associated

nephrotoxicity remains clinically significant, affecting
46.7% of hematology-oncology patients. Advancing age,
colistin, and cyclosporine were identified as independent
risk factors in the final adjusted model, with mechanis-
tic evidence supporting additive tubular and hemodynamic
toxicity when these agents are combined with L-AMB.

Ceftazidime-avibactam showed a non-significant trend to-
ward increased risk requiring further investigation. The ab-
sence of demonstrable benefit from premedication strate-
gies likely reflects methodological limitations rather than
true ineffectiveness. L-AMB maintained acceptable ef-
ficacy (83.3% without breakthrough infections), with the
Charlson Comorbidity Index predicting treatment failure.
These findings support enhanced renal monitoring for pa-
tients receiving concurrent nephrotoxic agents, particularly
colistin or cyclosporine, and highlight the need for prospec-
tive studies to optimize nephroprotective strategies.
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