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Background: Urinary tract infections (UTIs) caused by multidrug-resistant Gram-negative bacteria (MDR-GNB) present increasing
therapeutic challenges, especially in regions with limited access to novel B-lactam/B-lactamase inhibitors. Colistin remains a salvage
therapy in such cases; however, data describing its real-world efficacy and nephrotoxicity in urinary infections are limited.
Methods: We conducted a retrospective cohort study of adult patients who received intravenous colistin (colistimethate sodium) for
culture-confirmed UTIs at a tertiary academic medical center in Riyadh, Saudi Arabia. The primary outcome was colistin-induced
acute kidney injury (AKI), defined as an increase in serum creatinine of >26 pmol/L from baseline per the AKIN creatinine criterion.
Secondary outcomes included microbiologic failure, clinical failure, and in-hospital mortality. Multivariable logistic regression was
used to identify independent predictors of AKI.

Results: Among 102 patients, the median age was 80 years (IQR, 72-84), and 46% were male. Klebsiella pneumoniae (44.9%) and
Pseudomonas aeruginosa (20.4%) were the most common pathogens. Over half (52%) were exposed to concomitant nephrotoxic
agents. Colistin-induced AKI occurred in 15 patients (14.7%). Chronic kidney disease was more frequent among those who developed
AKI (73% vs. 26%, p<0.001); however, no independent predictors were identified in multivariable analysis. In a sensitivity analysis
using CKD as a binary covariate, CKD was independently associated with AKI (adjusted OR 19.17; 95% CI, 3.03—121.30; p=0.002).
Clinical failure occurred in 12.7% and microbiologic failure in 2.9% of patients.

Conclusion: In this cohort of patients with MDR-GNB UTIs, intravenous colistin was associated with favorable clinical and
microbiological outcomes. The observed incidence of AKI was lower than previously reported in the literature, though this should
be interpreted cautiously given the small number of events and the high prevalence of baseline renal impairment and nephrotoxic co-
exposures.
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Introduction

Urinary tract infections (UTIs) remain among the most common bacterial infections worldwide, representing
a substantial source of morbidity and healthcare costs, particularly in hospitalized and immunocompromised
patients.'” In Saudi Arabia, Escherichia coli and Klebsiella pneumoniae continue to dominate as uropathogens, but
the increasing prevalence of extended-spectrum B-lactamase (ESBL)-producing and carbapenem-resistant strains has

rendered many first-line antibiotics ineffective.>*
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Recent surveillance data across the Kingdom have reported ESBL-producing E. coli in over one-third of urinary
isolates, with an alarming rise in resistance to fluoroquinolones and cephalosporins.’ In addition, the global spread of
multidrug-resistant (MDR) and carbapenem-resistant Enterobacterales (CRE), as well as Acinetobacter baumannii and
Pseudomonas aeruginosa, has led to a critical shortage of effective therapeutic options, a challenge that is particularly
pronounced in Saudi hospitals.®”’

In this context, colistin a polymyxin antibiotic discovered in the 1940s, has been reintroduced as one of the few
remaining active agents against MDR Gram-negative pathogens.® However, clinical data specifically addressing the use
of colistin for urinary tract infections remain limited, as most evidence comes from studies on ventilator-associated
pneumonia or bloodstream infections.” Moreover, variations in colistin formulations, dosing strategies, and resistance
mechanisms (including plasmid-mediated mcr genes) further complicate its clinical use and outcomes.'”

Acute kidney injury (AKI) is the most clinically significant adverse effect of colistin therapy, with reported rates
typically ranging from 30% to 70%.'""'* Although nephrotoxicity is often reversible, it is associated with prolonged
hospitalization, increased need for renal replacement therapy, and limited future antibiotic options. However, most
existing data are derived from mixed infection cohorts, and few studies have evaluated AKI specifically in patients
treated for urinary tract infections, where lower systemic exposure may theoretically be sufficient.

In Saudi Arabia, colistin resistance among gram-negative organisms has been documented, yet data on treatment
outcomes for colistin therapy in MDR UTIs remain scarce.'

Therefore, this study aims to describe the clinical outcomes, microbiological response, and nephrotoxicity associated
with intravenous colistin therapy in patients with UTIs due to MDR gram-negative bacteria at a tertiary academic

medical center in Riyadh, Saudi Arabia.

Methods

This single-center retrospective cohort study was conducted at King Abdulaziz Medical City, a 1501-bed tertiary
academic medical center in Riyadh, Saudi Arabia. Adult patients aged >18 years who received at least two doses of
intravenous colistin for the treatment of culture-confirmed urinary tract infections (UTIs) were included. UTIs were
identified based on positive urine cultures with compatible clinical findings as documented by the treating physician.
UTIs were classified as complicated cystitis, pyelonephritis, or uncomplicated cystitis based on documented clinical and
microbiological criteria. Patients were excluded if colistin was prescribed for indications other than UTI, if medical
records were incomplete, or if patients were discharged or died within 48 hours of initiating colistin therapy.
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Data were extracted from the electronic medical record system and included patient demographics (age, sex, body
weight, and body mass index), comorbid conditions including chronic kidney disease and baseline dialysis status,
infection characteristics (UTI type and presence of bacteremia), and markers of illness severity such as septic shock,
ICU admission, and mechanical ventilation at diagnosis. Baseline renal function was assessed using serum creatinine
measured at the time of colistin initiation. The formulation used at our institution throughout the study period was sodium
CMS, the inactive prodrug of colistin, which is converted in vivo to the active compound. At our institution, colistin
dosing follows the standardized Ministry of National Guard Health Affairs (MNGHA) institutional guidelines
(Supplementary Table S1). Colistin-related variables included receipt of a loading dose, loading and maintenance dosing

expressed as mg/kg, and duration of therapy. Exposure to concomitant nephrotoxic agents during colistin therapy was
also recorded, including furosemide, vancomycin, aminoglycosides, amphotericin B, and trimethoprim/sulfamethoxazole.

The primary outcome was colistin-induced AKI, defined as a new onset or worsening of renal dysfunction occurring
during colistin therapy or by the end of treatment. AKI was defined as an increase in serum creatinine of >26 pmol/L
from baseline, in accordance with the Acute Kidney Injury Network (AKIN) criteria, based on documented laboratory
values and clinical assessment.'®

Secondary outcomes included microbiological failure, clinical failure, and in-hospital mortality. Clinical failure was
defined as persistence or worsening of presenting signs and symptoms, or death occurring during colistin therapy or
within 4 days of treatment initiation. Microbiological failure was defined as persistent positive urine cultures for the same
pathogen despite intravenous colistin therapy.

Statistical Analysis

Continuous variables were assessed for normality and are presented as median with interquartile range (IQR).
Comparisons between patients with and without colistin-induced AKI were performed using the Wilcoxon rank-sum
test for continuous variables and Fisher’s exact test for categorical variables.

Multivariable logistic regression was used to identify factors associated with colistin-induced AKI. Variables included
in the multivariable model were selected a priori based on clinical relevance and included age, baseline serum creatinine,
ICU admission, and colistin daily dose. Body weight was not included in the multivariable model due to its collinearity
with weight-based colistin dosing. Similarly, chronic kidney disease was not included as a separate covariate, as baseline
serum creatinine incorporated instead. Adjusted odds ratios (ORs) with 95% confidence intervals (Cls) are reported.
A sensitivity analysis was performed excluding patients receiving dialysis to evaluate the robustness of the main findings.
Missing data were handled by complete-case analysis. A two-sided p-value <0.05 was considered statistically significant.
All analyses were performed using RStudio (version 2026.01.0, Build 392; Posit Software, PBC) with R statistical
software version 4.5.2 (R Foundation for Statistical Computing, Vienna, Austria).

Results

Baseline Characteristics

Baseline demographic and clinical characteristics are summarized in Table 1. A total of 102 adult patients who received
intravenous colistin for culture-confirmed UTIs were included. The median age was 80 years (IQR, 72-84), and 47
patients (46.1%) were male. The median body weight was 65.3 kg (IQR, 48.9-75.8), with a median body mass index of
25.3 kg/m? (IQR, 19.2-31.9). Baseline serum creatinine was 121 pmol/L (IQR, 58-195.5); chronic kidney disease was
present in 34 patients (33.3%), including 9 patients (8.8%) receiving maintenance hemodialysis at baseline. Prior to
colistin initiation, AKI was documented in 33 patients (32.4%) (Supplementary Table S1).

Complicated cystitis (51.0%) and pyelonephritis (48.0%) were the most common UTI syndromes; only one patient
(1.0%) had uncomplicated cystitis (Table 1). Bacteremia was documented in 16 patients (15.7%). Septic shock and
mechanical ventilation at diagnosis were present in 11 (10.8%) and 15 (14.7%) patients, respectively. The median
duration of colistin therapy was 10 days (IQR, 4-14). A loading dose was administered in 14 patients (13.7%), with
a median loading dose of 4.0 mg/kg (IQR, 2.5-5.0) and a median daily dose of 2.9 mg/kg/day (IQR, 1.95-4.35). Prior to
colistin initiation, 53 patients (52.0%) had received at least one systemic antibacterial agent, most commonly
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Table | Baseline Demographic and Clinical Characteristics of Patients Treated

with Colistin for Urinary Tract Infections

Characteristic

All Patients
(N =102)

Demographics

Age, years, median (IQR)

Male sex, n (%)

Weight, kg, median (IQR)

Body mass index, kg/mz, median (IQR)
Renal function

AKI prior to colistin initiation, n (%)
Baseline serum creatinine, ymol/L, median (IQR)
CKD, n (%)

Hemodialysis at baseline, n (%)

Clinical status at diagnosis, n (%)
Septic shock at diagnosis

Mechanical ventilation at diagnosis
Bacteremia

Urinary tract infection type, n (%)
Pyelonephritis

Complicated cystitis

Uncomplicated cystitis

Colistin therapy

Received colistin loading dose, n (%)
Colistin loading dose, mg/kg, median (IQR)
Colistin daily dose, mg/kg/day, median (IQR)
Duration of colistin therapy, days, median (IQR)

Any concomitant nephrotoxic agent, n (%)
Furosemide

Vancomycin

Aminoglycosides

Amphotericin B
Trimethoprim—sulfamethoxazole

Nephrotoxic agent exposure during colistin therapy

80 (72-84)
47 (46.1)

65.3 (48.9-75.8)
25.3 (19.2-31.9)

33 (324)
121 (58-195.5)
34 (33.3)

9 (8.8)

11 (10.8)
15 (14.7)
16 (15.7)

49 (48.0)
52 (51.0)
I (1.0)

14 (13.7)

40 (2.5-5.0)
2.9 (1.95-4.35)
10 (4-14)

53 (52.0)
36 (35.3)
26 (25.5)
12 (11.8)
2 (2.0)
4(3.9)

Notes: Continuous variables are presented as median (interquartile range) and categorical variables
as n (%). Nephrotoxic agents reflect exposure at any point during colistin therapy.
Abbreviations: AKI, acute kidney injury; CKD, chronic kidney disease; IQR, interquartile range.

carbapenems (35.3%) and piperacillin—tazobactam (12.7%), while 49 patients (48.0%) had not received prior antibacter-

ial therapy for the index infection. Concomitant nephrotoxic agents were used in 52.0% of patients, most commonly

furosemide and vancomycin (Supplementary Table S2).

Clinical and Microbiologic Outcomes
Colistin-associated acute kidney injury occurred in 15 patients (14.7%) by the end of therapy. Clinical failure was

observed in 13 patients (12.7%), while microbiological failure occurred in 3 patients (2.9%). In-hospital mortality was

13.7% (Table 2). Clinical response was generally rapid, with a median time to defervescence of 1 day (IQR, 1-2) and

a median time to documented culture negativity of 5 days (IQR, 4-8). The median hospital length of stay was 19 days

(IQR, 12-25).
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Table 2 Clinical Course and Outcomes Among Patients
Treated with Colistin for Urinary Tract Infections

Characteristic All Patients
(N =102)

Clinical and microbiologic response
Days until afebrile, median (IQR) 1 (1-2)
Days until culture negativity, median (IQR) 5 (4-8)
Clinical and microbiological outcomes

Colistin-induced AKI, n (%) 15 (14.7)
Microbiological failure, n (%) 3(2.9)
Clinical failure, n (%) 13 (12.7)
In-hospital mortality, n (%) 14 (13.7)
Hospital length of stay, days, median (IQR) 19 (12-25)

Notes: Continuous variables are presented as median (interquartile range)
and categorical variables as n (%). Clinical failure was defined as persistence
or worsening of presenting signs or symptoms, or death occurring during
colistin therapy or within 4 days of treatment initiation. Microbiological
failure was defined as persistent positive urine cultures despite intravenous
colistin therapy. In-hospital mortality was defined as death from any cause
during the index hospitalization.

Abbreviations: AKI, acute kidney injury; IQR, interquartile range.

Microbiology

Among the 98 urinary isolates identified, Klebsiella pneumoniae was the most frequently identified organism, accounting
for 44.9% of isolates, followed by Pseudomonas aeruginosa (20.4%), Acinetobacter baumannii (13.3%), and
Escherichia coli (10.2%). Other organisms were less common and were grouped as “Other” (Figure 1).

Univariate Analysis of Factors Associated with Colistin-Induced AKI
In univariate analyses comparing patients with and without colistin-induced AKI (Table 3), patients who developed AKI
had significantly higher body weight compared with those without AKI (median 74.8 kg vs 63.2 kg, p = 0.012). Chronic
kidney disease was also significantly more frequent among patients who developed AKI (73% vs 26%, p < 0.001).

No statistically significant differences were observed between groups regarding other variables. A higher proportion
of patients with AKI had pyelonephritis compared with those without AKI; however, this difference did not reach
statistical significance (p = 0.058).

Multivariable Analysis

In multivariable logistic regression analysis adjusting for age, baseline serum creatinine, ICU admission, and colistin
daily dose, no variable was independently associated with colistin-induced AKI (Supplementary Table S3). ICU
admission showed a non-significant trend toward increased risk of AKI (adjusted OR 3.60; 95% CI, 0.93-13.37; p =
0.054), while colistin daily dose was not associated with AKI risk.

In a sensitivity analysis excluding patients receiving dialysis (n = 93), predictors of AKI remained consistent with the
main model. ICU admission showed a trend toward higher AKI risk (OR 3.54, 95% CI 0.95-13.13, p = 0.06), while age,
baseline creatinine, and daily colistin dose were not significantly associated with AKI (Supplementary Table S4). In

a second sensitivity analysis substituting CKD as a binary covariate for baseline serum creatinine, CKD was indepen-
dently associated with colistin-induced AKI (adjusted OR 19.17; 95% ClI, 3.03—121.30; p=0.002), while ICU admission
showed a similar non-significant trend (adjusted OR 4.18; 95% CI, 0.95-18.35; p=0.058) (Supplementary Table S5).
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Klebsiella pneumoniae A 44 (44.9%)

Pseudomonas aeruginosa 20 (20.4%)

Acinetobacter baumannii 13 (13.3%)

Escherichia coli- 10 (10.2%)

Other 5(5.1%)

:Ia (3.1%)
:Is (3.1%)

0 20 40
Number of isolates

Proteus mirabilis -

Enterobacter cloacae

Figure | Distribution of organisms isolated from urine cultures among patients treated with colistin. Bars represent the number of isolates, with percentages shown in
parentheses. Rare organisms were grouped as “Other”.

Discussion
In this single-center retrospective cohort of patients treated with intravenous colistin for culture-confirmed UTIs, most
infections presented as pyelonephritis or complicated cystitis and were caused by MDR gram-negative bacteria, primarily

Table 3 Univariate Comparison of Patients with and without Colistin-Induced Acute Kidney

Injury

Characteristic No AKI AKI p-value
(N =87) (N =15)

Age, years, median (IQR) 78.0 (72.0-84.0) 84.0 (76.0-84.0) 0.11
Male sex, n (%) 41 (47) 6 (40) 0.80
Weight, kg, median (IQR) 63.2 (46.0-74.0) 74.8 (65.0-91.0) 0.012*
Baseline serum creatinine, pmol/L, median (IQR) | 1185 (57.5-195.5) | 146.0 (77.0-252.0) | 0.40
CKD, n (%) 23 (26) 11 (73) <0.001*
Urinary tract infection type, n (%) 0.058
Complicated cystitis/urethritis 47 (54) 5(33)
Pyelonephritis 40 (46) 9 (60)
Uncomplicated cystitis 0 (0) I (6.7)
Clinical status at diagnosis, n (%)
Bacteremia, n (%) 14 (16) 2 (13) >0.90
Septic shock, n (%) 8 (9.2 3 (20) 0.20
ICU admission, n (%) 12 (14) 5@33) 0.12
Mechanical ventilation at diagnosis, n (%) 1 (13) 4 (27) 0.20
Colistin therapy
Received colistin loading dose, n (%) 12 (14) 2 (13) >0.90
Colistin daily dose, mg/kg/day, median (IQR) 3.0 (2.04.5) 2.7 (1.7-3.6) 0.60
Duration of colistin therapy, days, median (IQR) 10.0 (4.0-14.0) 10.0 (4.0-14.0) >0.90
Received inhaled colistin, n (%) 2(2.3) 0 (0) >0.90
Any concomitant nephrotoxic agent, n (%) 45 (52) 8 (53) >0.90

Notes: Continuous variables are presented as median (interquartile range) and categorical variables as n (%). Values marked
with * are considered statistically significant (p < 0.05). Nephrotoxic agents reflect exposure during colistin therapy.
Abbreviations: AKI, acute kidney injury; CKD, chronic kidney disease; ICU, intensive care unit; IQR, interquartile range.
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K. pneumoniae. Most patients were on a relatively low maintenance dose of CMS. However, despite the high prevalence
of baseline renal dysfunction in this population, the incidence of colistin-associated AKI was relatively low, at
approximately 15%.

The observed AKI incidence in our study was notably lower than the 30-70% range commonly reported in the
literature. However, most existing data are derived from critically ill populations treated for pneumonia or bloodstream
infections, where higher colistin doses, greater illness severity, and longer treatment durations likely contribute to higher
nephrotoxicity rate.''"'*!'*!” For instance, Hartzell et al reported a 45% incidence among patients receiving colisti-
methate sodium,'' while AKI occurred in 53-60% of critically ill patients.'* The rate reached as high as 70% in the
Paraguayan cohort.'” Even in studies using optimized dosing strategies, nephrotoxicity was reported in over 50% of ICU
patients.'*

Colistin-associated nephrotoxicity is well described and is primarily attributed to its direct tubular toxicity, leading to
acute tubular necrosis and subsequent rise in serum creatinine and reduction in creatinine clearance. The risk of
nephrotoxicity is influenced by colistin exposure, concomitant nephrotoxic agents, and patient related factors such as
advanced age, hypoalbuminemia, hyperbilirubinemia, and illness severity.'® In the present study, ICU admission
demonstrated a trend toward increased risk of AKI, suggesting that critical illness and hemodynamic instability may
play a more prominent role than colistin exposure alone.

CKD was strongly associated with AKI in univariate analysis (p <0.001); however, this association did not emerge as
an independent predictor in the multivariate model. This likely reflects collinearity with baseline serum creatinine, which
already captures underlying renal function. To further explore this relationship, we performed a sensitivity analysis
including CKD in the multivariable model. CKD was not independently associated with AKI, and its inclusion did not
meaningfully change the overall findings. Furthermore, the limited number of AKI events (n=15) relative to the
covariates in the model may have reduced the model’s ability to detect independent associations. These findings are
consistent with prior literature suggesting that patient-related factors, particularly critical illness and concurrent nephro-
toxic exposures, contribute more substantially to the development of colistin-associated nephrotoxicity than colistin
dosing alone.'”??

In our study, colistin was administered as CMS, the inactive prodrug of colistin and the formulation available in our
institution. Although CMS has been linked to higher risk of nephrotoxicity compared with the active colistin sulfate
formulation, this risk is influenced by renal dose adjustment, cumulative exposure, and duration of therapy. In our cohort,
the median daily colistin dose was 2.9 mg/kg/day and the median treatment duration was 10 days, suggesting a relatively
controlled exposure. This dose was lower than those reported in several cohorts with higher nephrotoxicity rates,
including DeRyke et al, in which patients received a mean daily dose of 5.1 mg/kg/day and nephrotoxicity occurred in
33% of patients,”® and Shields et al, in which the median daily dose was 3.45 mg/kg/day and doses >5 mg/kg/day were
independently associated with AKI within 7 days.** Similarly, Dalfino et al reported AKI in 44% of severely ill patients
receiving a median daily CMS dose of 9 million IU.** Careful CMS dosing according to renal function and avoidance of
unnecessary prolonged exposure may help mitigate nephrotoxicity risk.*®

Colistin efficacy in UTIs can be explained by its renal elimination and high urinary exposure. CMS is administered
intravenously and is predominantly cleared by the kidneys, where it is converted to active colistin within the urinary
tract. In UTI-specific populations, CMS undergoes extensive renal excretion and achieves urinary concentrations that far
exceed plasma levels, potentially allowing for clinical efficacy at lower systemic exposures. This pharmacokinetic
advantage, combined with the lower illness acuity in our UTI cohort compared with VAP or BSI populations, may
partially account for the lower AKI rate.”” Nonetheless, this finding should be interpreted with caution, as over half of
our patients (52%) were exposed to concomitant nephrotoxic agents and a substantial proportion had pre-existing CKD,
both of which would be expected to increase AKI risk. Conservative institutional dosing practices and close renal

monitoring may have further mitigated nephrotoxicity.*'% 2"

Previous clinical studies evaluating CMS for UTIs have reported clinical cure rates ranging from 50% to 92%.2*>° In
our cohort, clinical failure occurred in 12.9% of patients, which is lower than rates reported in earlier studies, such as
Cheng et al, who observed 27% failure among patients with severe MDR infections.>® Microbiological failure was

documented in only three patients (2.9%), although this likely underestimates true rates due to the absence of routine
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post-treatment urine cultures in some cases. The clinical success observed in our cohort demonstrates the effectiveness of
colistin for severe MDR-GNB infections, including Pseudomonas aeruginosa and Klebsiella pneumoniae.>°

Several new B-lactam/B-lactamase inhibitor combinations including ceftolozane-tazobactam, ceftazidime-avibactam,
and cefiderocol have shown promising efficacy and better safety profiles compared to colistin.*' However, resistance to

ceftolozane-tazobactam and ceftazidime-avibactam has been documented during treatment,?%* 34

indicating that poly-
myxins remain necessary as part of the antimicrobial options against MDR pathogens. This challenge extends beyond
adult populations, as rising rates of ESBL-producing uropathogens have also been reported in pediatric and infantile
UTIs, where treatment options are even more constrained.”> Overall, most patients treated with colistin for MDR-GNB
UTIs achieved favorable outcomes. The high clinical response rate, combined with manageable nephrotoxicity, high-
lights the clinical role of colistin as a salvage therapy when newer agents are unavailable or contraindicated.

The strengths of this study include a relatively large single-center sample, which provides a valuable real-world
perspective on the safety and efficacy of colistin in MDR-GNB UTIs. Despite this, several limitations must be
acknowledged: its retrospective design, small number of AKI events which limits the statistical power of the multi-
variable analysis, lack of minimum inhibitory concentration (MIC) data, and the high prevalence of baseline renal
impairment and concomitant nephrotoxic exposure which may confound the observed AKI incidence.

In conclusion, colistin therapy for MDR-GNB UTIs was associated with favorable clinical and microbiological
outcomes and a lower-than-expected incidence of nephrotoxicity in our cohort. While the low AKI rate observed may
reflect the pharmacokinetic advantage of colistin in the urinary tract and conservative institutional dosing, the small
sample size and limited number of AKI events preclude definitive conclusions regarding optimal dosing strategies.
Colistin should be used with caution, particularly in patients with chronic kidney disease or septic shock, and always with
close renal monitoring. Although newer agents offer safer alternatives, colistin continues to play an important role in
managing infections caused by resistant Gram-negative bacteria, especially in resource-limited settings or when novel
agents fail.
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