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Purpose: Urinary tract infections (UTIs) are among the most common community-acquired infections in patients with cancer. Though
the prevalence of multi-drug resistant organisms (MDROs) has increased, there are limited studies on MDROs among ambulatory
cancer patients with UTIs. Therefore, we aimed to evaluate the prevalence and predictors of MDROs in this patient population.
Patients and Methods: A retrospective study of adult cancer patients treated for bacterial UTIs in the ambulatory setting at King
Hussein Cancer Center. The medical laboratory’s system was used to identify positive urine cultures taken in the ambulatory setting,
between Aug 2020 and March 2021. UTIs were defined as a positive urine culture along with the initiation of antibiotics empirically or
as definitive therapy. Patient characteristics, as well as the type and sensitivity of the bacterial organisms, were recorded. MDROs were
defined as intrinsic or acquired non-susceptibility to at least one agent in three or more antimicrobial categories. Logistic regression
was used to identify predictors that were independently associated with MDROs.

Results: A total of 376 patients had UTIs that met the inclusion criteria; mean age 60.5+15.1 (SD) years and 330 (87.8%) had solid
tumors. Gram-negative bacteria was recorded in the majority of UTIs (n = 368, 97.9%), the most common being Escherichia-coli (n =
220, 59.8%) and Klebsiella-pneumonia (n = 68, 18.5%). MDROs were recorded in 226 (60.1%) of urine cultures, with the majority
being extended-spectrum-beta-lactamase producing organisms (n = 142, 62.8%). The only significant predictor was having had a UTI
with MDRO within the past 6 months (OR 5.6, 95% CI 2.1-15.2).

Conclusion: More than half of the positive urine cultures of cancer patients treated for UTIs in the ambulatory setting were MDROs.
A subsequent UTI due to MDROs is more likely to occur in patients who had a UTI with an MDRO within the past 6 months.
Keywords: cancer, neoplasms, ambulatory care, urinary tract infections, drug resistance

Introduction
Urinary tract infections (UTIs) are among the most common community-acquired infections in patients with and without
cancer.' UTIs are associated with significant morbidity and mortality, and this burden has increased with the emergence of
multi-drug resistant organisms (MDROs).*® MDROs are organisms that are resistant to one or more classes of antimicrobial
agents.’ In a large study of over 17,000 patients, about one-fourth of the bacterial cultures were caused by MDROs.? In a cross-
sectional study of an oncology Center in Nepal, Shrestha et al reported that 89% of UTIs were caused by multi-drug-resistant
strains and of the 73 studied culture-positive samples, only two samples were sensitive to all the antibiotics being tested.'”
Over the past years, with the availability of newer treatment modalities, cancer patients are increasingly being treated
in the outpatient setting.'' Ambulatory patients are at a lower risk of developing UTIs than hospitalized patients
especially those caused by MDROs. On the other hand, it has been reported that resistance patterns of UTIs in the
ambulatory setting is changing and that the prevalence of MDROs is increasing, but there is limited data evaluating
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cancer patients.
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Several studies described UTIs and risk factors for MDROs, but only a few of them focused on cancer patients;
additionally, those studies either combined results of both outpatient and inpatient settings or included only hospitalized
patients and/or all age group.*'*'* Therefore, we aimed to evaluate the prevalence and predictors of MDROs in a cohort
of adult cancer patients treated for UTIs in the ambulatory setting at a comprehensive cancer center.

Materials and Methods

This was a retrospective study conducted at King Hussein Cancer Center (KHCC), a comprehensive cancer teaching
hospital in Amman, Jordan, that treats patients with all types of malignancies in the inpatient and outpatient settings. The
study was approved by the Institutional Review Board, with a waiver of informed consent because of the retrospective
nature of the study. The research was performed in compliance with the Declaration of Helsinki principles. All patient
identifiers were coded and the patient data was handled with confidentiality.

We included adult cancer patients (=18 years old) who were treated for UTIs in the ambulatory setting, between
August 2020 and March 2021. The medical laboratory system was utilized to identify all positive urine cultures obtained
during the study period. Cultures with fungal infections and those taken upon or during hospitalization were excluded.
UTIs were defined as a positive urine culture along with antibiotics initiated empirically or as definitive therapy. For
patients with multiple positive urine cultures, only the first one was included in the analysis to avoid the risk of including
duplicate data.

At our institution, the urine specimen and cultures are processed as follows: a urine specimen is collected into a clean,
sterile container and transported to the microbiology laboratory. Processing of specimens is typically done within 2 hours
of collection. The urine specimen is then mixed prior to inoculation and a disposable calibrated loop is inserted vertically
in the urine specimen for exact quantity. A loopful of sample is delivered to the agar plate. The plate is then streaked
down the center and then cross-streaked at a 90° angle to the inoculum. The plate is examined after appropriate
incubation time; once an organism is identified, susceptibility testing is performed, as appropriate.

For susceptibility testing, the disc diffusion test (Kirby Bauer) was used for the following organisms:
Enterobacterales, Pseudomonas aeruginosa, Acinetobacter species, Stenotrophomonas maltophilia, Staphylococcus
species and Enterococcus species while the E-test was used for the following organisms: Carbapenem-resistant enter-
obacterales (CRE), multi-drug resistant Escherichia coli, Klebsiella species (for meropenem, imipenem, and tigecycline),
vancomycin resistant enterococcus (for vancomycin) and Staphylococcus species (for vancomycin and teicoplanin).

Patient characteristics, as well as the type and sensitivity of the bacterial organisms, were recorded. MDROs were
defined as those with an intrinsic or acquired non-susceptibility to at least one agent in three or more antimicrobial
categories, including penicillins, cephalosporins, aminoglycosides, monobactam, carbapenems, and fluoroquinolones.”
Patients with at least one MDRO in the urine culture were labeled to have MDRO UTI.

The hospital-based electronic patient records system was used to collect the patients’ characteristics, cancer diagnosis,
co-morbidities, the presence of an indwelling urinary catheter or nephrostomy, as well as the laboratory readings
including urine analysis, type of bacterial organisms in the culture, neutrophils, and platelets count. Other data including
the history of previous hospitalization or ICU admission, use of chemotherapy, steroids, and antibiotics in the past three
months, and the 30- and 90-days’ mortality were also collected.

Statistical Analysis

Categorical data were reported as counts and percentages while continuous data was reported as means and standard
deviations (SD). The normality of the sample was tested using the Shapiro—Wilk test (P > 0.05), which indicated that it
was not normally distributed. The characteristics of the patients and the cultures were compared between patients who
developed MDROs and those who did not, using Pearson Chi-Square & Fisher’s Exact Tests for categorical variables and
the Mann—Whitney U-test for continuous variables. The variables with P<0.1 in bivariate analyses were selected as
candidate independent variables for a backward stepwise logistic regression analysis to identify predictors significantly
and independently associated with the development of MDROs. All statistical analyses were performed using IBM SPSS
V.28.0, and the P-value at level <0.05 (two-tailed) was considered significant.
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Results

Out of 1059 screened positive urine cultures, a total of 376 cultures for 376 patients were included. The mean age for the
patients was 60.5 years £15.1 and 62.2% of the patients were females (n = 234). Among the cohort included, solid tumors
(n = 330, 87.8%) were more prevalent than hematological malignancies (n = 46, 12.2%), and about half of the included
patients had metastatic disease (n = 170, 45.2%). The majority of the patients’ urine samples were collected through
midstream catch (n = 358, 95.2%). Table 1 outlines the characteristics of the patients included in the study, in addition to
the results of the urine analysis.

The majority of urine samples included a single bacterial organism (n = 339, 90.2%), while the remaining samples
included two or three organisms. Gram-negative bacteria represented the majority of the isolated organisms (n = 368,
88.7%), with the most common being Escherichia coli (n = 220, 59.8%) and Klebsiella pneumonia (n = 68, 18.5%). On
the other hand, Gram-positive bacteria represented 11.3% of the UTIs, with the most common being Enterococcus
faecalis (n = 18, 38.3%) and Coagulase-negative Staphylococcus species (n = 10, 21.3%). Table 2 outlines the type of
organisms reported in the urine cultures.

Table | Characteristics and Outcomes of Patients with and without Multi Drug Resistant Organisms (MDRO)

Total Patients MDRO Non-MDRO P-value
(n=376) (n=202) (n=174)

Age (years), 0.003
Mean (SD¥) 60.5 (15.1) 60.1 (15.4) 61.7 (14.8)
Median (range) 62 (18-91) 62 (20-88) 62 (18-91)
Gender, female, n (%) 234 (62.2) 113 (55.9) 121 (69.5) 0.007
Type of malignancy 0.047
Solid, n (%) 330 (87.8) 171 (84.7) 159 (91.4)

Breast cancer 85 (26) 38 (22) 47 (30)

Gastrointestinal cancer 60 (18) 31 (18) 29 (18)

Bladder cancer 55 (17) 40 (23) 15 (9)

Prostate cancer 33 (10) 20 (12) 13 (8)

Lung cancer 16 (5) 9 (5 74

Others 81 (24) 33 (20) 48 (31)
Hematological, n (%) 46 (12.2) 31 (15.3) 15 (8.6)

Multiple myeloma 11 (24) 7(23) 4 (26)

Diffuse large B-cell lymphoma 6 (13) 5 (16) I (7)

Acute myeloid leukemia 5(1) 4 (13) I (7)

Others 24 (52) 15 (48) 9 (60)
Metastatic solid tumor, n (%) 170 (45.2) 88 (43.6) 82 (47.1) 0.882
Presence of comorbidities, n (%) 249 (66.2) 132 (65.3) 117 (67.2) 0.698
Neutropenia (<500) upon culture collection, n (%) 10 (2.7) 6 (3.0) 4 (2.3) 0.754
Thrombocytopenia (<100) upon culture collection, n (%) 26 (6.9) 15 (7.4) I (6.3) 0.605
Presence of fever upon culture collection, n (%) 45 (12.0) 23 (11.4) 22 (12.6) 0.733
Leukocyte esterase count, n (%) <0.001
0 66 (17.6) 31 (15.3) 35 (20.1)
| 45 (12.0) 20 (9.9) 25 (14.4)
2 68 (18.0) 41 (20.3) 27 (15.5)
3 162 (43.0) 84 (41.6) 78 (44.8)

(Continued)
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Table | (Continued).

Total Patients MDRO Non-MDRO P-value
(n=376) (n=202) (n=174)
WABC in urine analysis, n (%) 0.673
<50 195 (51.9) 102 (50.5) 93 (534)
> 50 146 (38.8) 74 (36.6) 72 (41.4)
Presence of indwelling urinary catheter within past 48 hours, n (%) 75 (20.0) 45 (22.3) 30 (17.2) 0.138
Presence of nephrostomy, n (%) 51 (13.6) 32 (15.8) 19 (10.9) 0.157
History of positive urine culture within the past 6 months, n (%) 121 (32.2) 83 (41.1) 38 (21.8) <0.001
History of MDRO urine culture within the past 6 months, n (%) 83 (22.1) 72 (35.6) 11 (6.3) <0.001
History of febrile neutropenia within past 3 months, n (%) 13 (3.5) 11 (5.4) 2 (1.1) N/A**
History of chemotherapy within past 3 months, n (%) 171 (45.5) 83 (41.1) 88 (50.6) 0.066
History of long-term steroids within past 3 months, n (%) 118 (31.4) 57 (28.2) 61 (35.1) 0.154
History of antibiotic use in past 3 months, n (%) 239 (63.7) 140 (69.3) 99 (56.9) 0.013
History of hospitalization within past 3 months, n (%) 187 (49.7) 113 (56.0) 74 (42.5) 0.010
History of ICU admission within past 3 months, n (%) 22 (5.9) 13 (6.4) 9(5.2) 0.587
30 days mortality, n (%) 47 (12.5) 27 (13.4) 20 (11.5) N/AF*
90 days mortality, n (%) 93 (24.7) 56 (27.7) 37 (21.3) N/A**
Abbreviations: *SD, standard deviation; **N/A, not available.
Table 2 Bacterial Profile of Urine Cultures
Type of Bacteria Total MDRO Non-MDRO

(N= 415), n (%)

(N=226), n (%)

(N=189), n (%)

Gram-negative Escherichia coli 220 (59.8) 129 (61.1) 91 (57.9)
(N=368, 88.7%) | Klebsiella pneumoniae 68 (18.5) 37 (17.5) 31 (20.0)
Pseudomonas aeruginosa 24 (6.5) 10 (4.7) 14 (8.9)
Proteus mirabilis 14 (3.8) 11 (5.2) 3(1.9)
Citrobacter freundii 9 (2.4) 6 (2.8) 3 (1.9)
Acintobacter baumanii 6 (1.6) 5(24) 1 (0.6)
Morganella morganii 6 (1.6) 3 (1.5) 3 (1.9)
Serratia 5(1.4) 3 (1.5) 2 (1.2)
Enterobacter cloacae 4 (1.1) 1 (0.5) 3 (1.9)
Others 12 (3.3) 6 (2.8) 6 (3.8)
Gram-positive Enterococcus faecalis 18 (38.3) 4 (26.7) 14 (43.8)
(N=47, 11.3%) Coagulase-Negative Staphyloccoccus 10 (21.3) 2 (13.3) 8 (25.0)
BHS Group B (Streptococcus aglactiae) 10 (21.3) 5(33.3) 5 (915.6)
Others 9 (19.1) 4 (26.7) 5 (15.6)

Among the included patients, 202 (53.7%) had at least one MDRO identified in their urine cultures, of which the
majority were extended-spectrum-beta-lactamase-producing organisms (ESBL) (n = 142, 62.8%). Other types of MDROs

included carbapenem-resistant Pseudomonas aeruginosa, (n = 8, 3.6%), methicillin-resistant Staphylococcus aureus (n =

3, 1.3%) and carbapenem-resistant Enterobacterales (n = 2, 0.9%).
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Among patients who were initiated on empirical antibiotics (n = 326, 87%), the most common were ciprofloxacin (n =
152, 47%), cefixime (n = 45, 14%), levofloxacin (n = 24, 7%) and amoxicillin/clavulanic acid (n = 23, 7%). Other
antibiotics were trimethoprim/sulfamethoxazole, cefuroxime, nitrofurantoin, ceftriaxone and ertapenem. The susceptibil-
ities for the most reported antibiotics and among tested isolates were as following: amikacin (97%), ceftazidime-
avibactam (97%), ertapenem (97%), meropenem (97%), piperacillin/tazobactam (85%), gentamicin (73%), nitrofurantoin
(67%), ciprofloxacin (63%), cefepime (59%), aztreonam (53%), ceftazidime (52%), ceftriaxone (50%), cefixime (45%),
ampicillin/sulbactam (39%), trimethoprim-sulfamethoxazole (39%), cefazolin (30%) and ampicillin (14%).

In the bivariate analysis, age, gender, type of malignancy (solid/hematological), type of bacteria (gram-positive or
gram-negative), number of previous positive urine cultures, MDROs in urine cultures within the past 6 months, antibiotic
use within the past 3 months, and previous hospitalization within the past 3 months were significantly associated with the
risk of developing MDRO UTI. However, in the multivariate analysis using logistic stepwise regression, the only
significant independent predictor for developing a UTI with an MDRO was having such a diagnosis in the past 6 months
(OR 5.632, 95% CI 2.087-15.196). On the other hand, having a UTI due to gram-positive bacteria in the past 6 months
was associated with a reduced risk of developing a UTI with an MDRO (OR 0.032, 95% CI 0.003-0.297).

Discussion

In this study, we reported MDROs in the urine cultures of over half of the cancer patients with UTIs treated in the
ambulatory setting. To our knowledge, this is the first study evaluating MDROs in a relatively large patient population
with UTIs in the ambulatory setting. The findings are a call to action, as this prevalence is higher than that reported in
non-cancer and cancer patients.'""'*!> Lee et al reported in non-cancer patients that the prevalence of ESBL-producing
Escherichia coli was 12.1% and 23.1% in the outpatient and inpatient settings, respectively.'® This difference could be
due to the empiric use of broad-spectrum antibiotics in cancer patients, such as fluoroquinolones, as well as their use as
prophylaxis in specific groups.'” Also more than half of the patients in this study with MDRO UTI had recent
hospitalization and this was shown to be associated with the emergence of ESBL-producing bacteria.'®

In terms of the types of organisms identified in the urine cultures, our findings are consistent with what others have
reported in the literature for non-cancer patients.*'*! In a systematic review, Tenney et al reported that Escherichia coli
was the most common causative organism, ranging from 30 to 100% among the studies that were included in the review.*
In our study, Escherichia coli comprised more than half of the isolates from the urine cultures and this percentage was
higher than what was reported by Sime et al, in a similar patient population but it only included females and had a very
small number of isolates.'*

The majority of patients who received empiric antibiotics were in alignment with what is in literature and
recommended by the Infectious Diseases Society of America guidelines. However, the susceptibilities to those antibiotics
were reported to be below 70%, which suggests that the majority of the patients were empirically treated with antibiotics
to which the pathogens may be resistant. This is unlike what was reported in other studies were the susceptibility rates
were higher.'’

We also evaluated factors that may predict having MDROs among cancer patients with UTIs in the ambulatory
setting. Such information can help clinicians in the choice of the most appropriate empiric therapy for patients. Patients
who had an MDRO urine culture within the past 6 months were almost six times at risk of developing an MDRO UTI,
when compared to those with non-MDRO urine cultures. Although this factor was not specifically studied in the
literature it is generally consistent with what is stated by the Infectious Diseases Society of America guidelines that
having a MDR gram-negative urinary isolate within the past 3 months is a risk factor for MDROs.*

Interestingly, unlike what was reported in the literature, our study did not show that urinary catheterization, previous
hospitalization, previous antibiotic use, age, previous UTI, and/or male gender are associated with the risk of developing
MDRO UTIs.*?? This could be due to inconsistency in the definition of risk factors and MDRO; however, 4 studies
reported in the systematic review had the same definition. In our study, we used the definition that was commonly
reported in the literature.* Another reason could be due to insufficient data due to the nature of the study particularly with

catheterization.
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Our study includes a number of limitations. First those that are related to the retrospective nature of the study such as
the recognition of the type of UTIs including upper- or lower UTIs, complicated or uncomplicated UTIs. When collecting
data retrospectively from electronic medical records, there is certainly the possibility of not having all the data
documented; for example, urinary catheterization was not captured for all the patients. In addition, since it was difficult
to accurately assess the clinical condition of the patient due to the retrospective nature of the study, our definition for
UTIs was based on the presence of positive urine cultures and the prescribing of antibiotics. We did not include the
assessment of other factors such as fever and the presence of urinary symptoms, and instead hypothesized that if the
patient was started on antibiotics empirically then it was clinically considered as a true infection. Moreover, this was
a single-center study which may impact the generalizability of the findings. Nevertheless, the study presents important
findings related to a growing population of immune-compromised patients who are susceptible to infections and the
associated complications.

Conclusion

More than half of the positive urine cultures of cancer patients treated for UTIs in the ambulatory setting had MDROs.
A subsequent UTI due to MDROs is more likely to occur in patients who had a UTI with an MDRO within the past 6
months.
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