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Abstract
Background Antimicrobial resistance (AMR) is a major threat to global public health, limiting treatment options 
for infections. AMR is particularly life-threatening for cancer patients, who are at increased risk of antibiotic-resistant 
infections. This review presents the first comprehensive data on the prevalence of AMR in major bacterial pathogens 
isolated from cancer patients.

Method An extensive search was conducted in PubMed, Scopus, and Web of Science, focusing on studies published 
in English from 2000 to 2024. A single-group meta-analysis was performed to determine the resistance prevalence of 
major bacterial species.

Results One hundred thirty-two full-text articles were included in the systematic review, and studies on 
haematological cancer patients were the most common (36.4%). The major bacterial pathogens reported were 
Escherichia coli, Klebsiella pneumoniae, Staphylococcus aureus, Acinetobacter baumannii, Pseudomonas aeruginosa, 
Enterococcus faecium, Streptococcus pneumoniae and Enterobacter spp. For E. coli, resistance prevalence was highest 
for penicillins (81.84%), followed by cotrimoxazole (65.79%) and monobactams (61.61%). For K. pneumoniae, 
the highest prevalence of resistance was observed for penicillins (98.99%), followed by cotrimoxazole (70.92%). 
Acinetobacter baumannii had high resistance prevalence to multiple antimicrobial classes, including third-generation 
cephalosporins (84.10%), fourth-generation cephalosporins (80.75%), carbapenems (82.58%), fluoroquinolones 
(80.37%), beta-lactam-beta-lactamase inhibitors (79.15%), cotrimoxazole (75.77%), and aminoglycosides (64.05%). 
Enterobacter spp. and Enterococcus faecium showed high resistance prevalence to penicillins at 91.77% and 90.64% 
respectively. P. aeruginosa had a high prevalence of resistance to third-generation cephalosporins (49.41%) while S. 
aureus showed high prevalence to macrolides (55.63%) and methicillin (45.29%).

Conclusion This review indicated a high prevalence of antimicrobial resistance in bacterial pathogens isolated from 
cancer patients worldwide. The pronounced resistance prevalence observed, especially among ESKAPE pathogens, 
underscores the urgent need to improve infection prevention and antimicrobial stewardship in cancer care globally.
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Introduction
The emergence and dissemination of antimicrobial-
resistant pathogens are increasingly limiting the avail-
able treatments for infection [1]. Antimicrobial resistance 
(AMR) has gained much attention in recent decades and 
has been recognized as a major public health threat by 
the World Health Organization (WHO). From 2019 to 
2022, the estimated number of deaths associated with 
AMR exceeded 5 million [2, 3]. In the absence of signifi-
cant effort and proactive strategies to combat this global 
health crisis, the projected number of deaths is estimated 
to reach 10 million per year by 2050 [3]. While antimicro-
bial resistance is a natural survival phenomenon exhib-
ited by bacteria, several factors, such as the inappropriate 
use of antibiotics in humans and livestock and the pres-
ence of antibiotics in the environment, contribute to the 
increase in AMR [4, 5]. 

Like AMR, cancer is also a major public health threat, 
with a global incidence of 19 million new cases and 9 mil-
lion deaths in 2022 [6]. The growing global cancer bur-
den is driven by several factors, including the aging and 
growth of the population, genetic predispositions, envi-
ronmental factors and personal lifestyle choices [6, 7]. 
Patients with cancer face a high risk of acquiring antibi-
otic-resistant infections due to frequent hospital visits 
and admissions, prior antibiotic exposures, surgeries, 
the use of urinary catheters, and comorbidities [8]. The 
nature of the disease and its treatments, such as chemo-
therapy and bone marrow transplantation, leave cancer 
patients with compromised immune systems, making 
them less likely to survive fatal infections compared to 
healthy individuals [9]. The growing concern of AMR 
is significantly compromising cancer care, resulting in 
increased morbidity, mortality, and healthcare costs [8, 
10, 11]. Multiple studies have shown that a wide range of 

resistant pathogens are associated with poorer outcomes 
in cancer patients [12, 13]. According to a systematic 
review of clinical outcomes of antimicrobial resistance 
in cancer patients, mortality was the most frequent out-
come, occurring in 47% of the studies included, high-
lighting the significant impact of AMR on the survival of 
cancer patients [14]. 

A significant proportion of cancer patients are immu-
nocompromised, making them more prone to bacterial 
infections, which further exacerbates their already fragile 
health. The rise of AMR further complicates treatment, 
creating a perfect storm of vulnerability and limited 
options that put cancer patients at risk of fatal outcomes. 
Notably, despite the plethora of research data on AMR 
in cancer patients, a systematic review of AMR patterns 
in this population is still lacking. To address this gap, our 
study aims to provide a comprehensive analysis of the 
global prevalence of AMR in common pathogenic bacte-
ria causing infections in cancer patients.

Methods
Search strategy
A comprehensive database search for eligible publica-
tions on antimicrobial resistance in pathogens isolated 
from cancer patients was conducted in PubMed, Sco-
pus, and the Web of Science. The search was conducted 
using the keywords described in Table  1. The search 
was restricted to full-text research articles published in 
English from 2000 to 2024. The review adhered to the 
Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) guidelines [15]. Additionally, 
the review protocol was registered on the Open Science 
Framework (OSF) website, available at  h t t p  s : /  / d o i  . o  r g /  1 0 .  
1 7 6 0  5 /  O S F . I O / S N P U V.

Table 1 Keywords used in the various databases
PubMed
Keywords (Drug Resistance, Bacterial [Mesh] OR Antibacterial resistan* OR Antimicrobial resistan* OR Antibiotic Resis-

tan* OR Drug Resistance, Multiple, Bacterial [Mesh] OR Multidrug resistan* OR Multidrug resistan* OR Multiple 
drug resistan* OR AMR) AND (Neoplasms [Mesh] OR Cancer* OR Malignan*) AND (Bacterial Infections [Mesh] 
OR Staphylococcus aureus OR Streptococcus pneumoniae OR Enterococcus faecium OR Escherichia coli OR 
Klebsiella pneumoniae OR Pseudomonas aeruginosa OR Acinetobacter baumannii OR Enterobacter spp.)

Limiters Text availability – Free full-text; Language – English
Scopus
Keywords (“antibacterial resistance” OR “antimicrobial resistance” OR “antibiotic resistance” OR “multidrug resistance” 

OR “multidrug resistance”) AND (“cancer*” OR “malignan*”) AND (“bacteria” OR “staphylococcus aureus” OR 
“streptococcus pneumoniae” OR “enterococcus faecium” OR “escherichia coli” OR “klebsiella pneumoniae” OR 
“pseudomonas aeruginosa” OR “acinetobacter baumannii” OR “enterobacter spp”) AND (“infection*”)

Limiters Document type – Articles; Language – English
Web of Science
Keywords (“antibacterial resistance” OR “antimicrobial resistance” OR “antibiotic resistance” OR “multidrug resistance” 

OR “multidrug resistance”) AND (“cancer*” OR “malignan*”) AND (“bacteria” OR “staphylococcus aureus” OR 
“streptococcus pneumoniae” OR “enterococcus faecium” OR “escherichia coli” OR “klebsiella pneumoniae” OR 
“pseudomonas aeruginosa” OR “acinetobacter baumannii” OR “enterobacter spp”) AND (“infection*”)

Limiters Document type – Articles; Language – English

https://doi.org/10.17605/OSF.IO/SNPUV
https://doi.org/10.17605/OSF.IO/SNPUV
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Study eligibility and selection criteria
This systematic review included studies that reported 
antimicrobial resistance in pathogenic bacteria infect-
ing cancer patients and presented data based on the spe-
cific bacterial species and antimicrobial drugs tested. The 
pathogenic bacteria included in this study were Staphy-
lococcus aureus, Streptococcus pneumoniae, Enterococ-
cus faecium, Escherichia coli, Klebsiella pneumoniae, 
Pseudomonas aeruginosa, Acinetobacter baumannii, and 
Enterobacter spp. Additionally, studies reporting resistant 
isolates such as methicillin-resistant S. aureus (MRSA) 
and extended-spectrum beta-lactamase (ESBL)-produc-
ing K. pneumoniae or E. coli were also included in the 
study.

Reviews, case series or reports, commentaries, and 
editorials were excluded in this systematic review. Stud-
ies that did not differentiate resistance by specific bacte-
rial species and instead grouped related bacterial species 
(such as E. coli and K. pneumoniae from the Enterobac-
teriaceae family) or categorized them based on their 
Gram reaction (gram-negative or gram-positive organ-
isms) were excluded. Likewise, studies that reported 
resistance in bacterial species not listed in the inclusion 
criteria were also excluded from the analysis. Two inves-
tigators (O.K.N. and A. A.-D.) independently screened 
and assessed the eligibility of the studies. Duplicates 
were first identified and removed, followed by titles and 
abstracts screening, and a full-text assessment to identify 
eligible studies. The results of the two investigators were 
carefully compared, with disagreements resolved through 
consensus discussion.

Data extraction and analysis
Microsoft Excel 365 was used to manage and visualize all 
the data extracted from studies included in the system-
atic review. The data extracted included the geographi-
cal region, author and year of publication, year of study, 
study design, type of cancer, number of cancer patients, 
isolate type, isolate site, and method of sensitivity testing. 
The antibiotics selected for each organism were based on 
the lists of antibiotics recommended by the Clinical Lab-
oratory Standard Institute (CLSI). Two reviewers (O.K.N. 
and E.S.D.) extracted the relevant data from the studies.

The meta-analysis was conducted using the meta pack-
age in RStudio version 4.3.3. The Freeman-Tukey double 
arcsine transformation was used to stabilize variances 
among studies, and the DerSimonian‒Laird method was 
employed to determine the pooled resistance. Heteroge-
neity in the extracted data was assessed using I-squared 
statistic, which can be interpreted as low, moderate, or 
high heterogeneity using values ≤ 25%, 50%, and ≥ 75%, 
respectively. The confidence intervals for heterogeneity 
were generated using the Jackson method. A funnel plot 
and Egger’s test were used to visualize and statistically 

assess publication bias, respectively. A p-value of < 0.05 
was considered to indicate statistical significance.

Sensitivity analysis (excluding low-quality studies) and 
meta-regression were conducted to assess the robust-
ness of synthesized results and sources of heterogeneity 
respectively. An alpha value of < 0.05 was considered sta-
tistically significant.

Quality assessment
The quality of the included studies was assessed by two 
investigators (O.K.N., and A.-H. O.) using the STROBE 
checklist for reporting observational studies. The check-
list was modified to include 15 items, where each item 
was either answered ‘YES’ if the study provided adequate 
information or ‘NO’ if the study had no information or 
unclear description. Studies were graded into three cat-
egories: high quality (yes for 11–15 items), moderate 
quality (yes for 6–10 items), and low quality (yes for 1–5 
items).

Results
Study selection and overview of included studies
The search identified 6,602 records, of which 5,647 
unique records were screened after removing 955 dupli-
cates. After systematically screening the  5,647 records, 
132 full-text articles were ultimately included in the 
analysis (Fig.  1). The included studies were from thirty-
nine (39) countries on six continents (Asia, n = 73; Africa, 
n = 22; Europe, n = 18; North America, n = 12; South 
America, n = 6; Oceania, n = 1). Most studies were con-
ducted in India (n = 25, 18.9%), followed by China (n = 17, 
12.9%) and Egypt (n = 10, 7.6%) (Fig. 2).

Most studies reported antimicrobial resistance in mul-
tiple pathogens (n = 89, 67%), while 43 (33%) focused on 
single pathogens (Table S1). Resistance in E. coli was 
reported in 96 studies, K. pneumoniae in 66 studies, 
S. aureus in 65 studies, and P. aeruginosa in 60 studies. 
Additionally, 29 studies described resistance in Entero-
bacter spp., 24 studies in A. baumannii, 15 studies in E. 
faecium, and 4 studies in S. pneumoniae.

Additionally, a total of 1622 resistance data points 
for selected pathogenic bacteria were extracted for the 
meta-analysis. This dataset included the total number 
of isolates tested and the number of resistant isolates 
identified.

Description of cancer patients
The included studies identified 49,638 cancer patients. 
Most of the studies described resistance in pathogens 
from adults (n = 58, 43.9%), while 21 (15.9%) studies only 
described resistance in children. Additionally, 33 (25%) 
studies reported AMR in both children and adults, and 
20 (15.1%) studies did not specify the age of the partici-
pants. Patients with haematological malignancies were 
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included in 48 (36.4%) studies, while 18 (13.6%) studies 
included patients with solid malignancies, and 56 (42.4%) 
studies included patients with both types of cancer. For 
ten studies, the type of cancer was not specified. Most 
patients had bacteraemia (n = 78, 59.0%), followed by 

surgical site infection (n = 39, 29.5%). Six studies reported 
on urinary tract infection, 4 studies on skin and soft tis-
sue infections, 3 studies on respiratory infection and 2 
studies on biliary tract infection (Table S1).

Fig. 2 Geographical distributions of studies reporting AMR in cancer patients worldwide. Countries were shaded if at least one study on AMR in cancer 
patients was identified in the review. Each colour represents the number of studies from the respective country

 

Fig. 1 Flow diagram of the study selection process
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AMR in Escherichia coli
Antimicrobial resistance in E. coli was reported in 96 
studies. Studies reported E. coli infections in several 
sites including bloodstream: n = 60, urinary tract: n = 6, 
respiratory tract: n = 3, wound: n = 2, biliary tract: n = 2, 
multiple sites: n = 23. The majority of studies reported 
resistance to fluoroquinolones (n = 75), followed by 
resistance to aminoglycosides (n = 71), BLBLIs (n = 67), 
third-generation cephalosporins (n = 66) and carbapen-
ems (n = 56). The prevalence of antibiotic resistance was 
highest for penicillins (81.84%, 95% CI [71.79; 90.37]), 
cotrimoxazole (65.79%, 95% CI [57.31; 73.86]), and 
monobactams (61.61%, 95% CI [49.79; 72.82]), with lower 
resistance prevalence observed for carbapenems (20.30%, 
95% CI [13.85; 27.51]) and polymyxins (20.75%, 95% CI 
[4.14; 43.58]). The resistance prevalence among third-
generation cephalosporins, fluoroquinolones, and fourth-
generation cephalosporins was 56.06% (95% CI [48.15; 
63.82]), 53.24% (95% CI [45.93; 60.50]), and 51.08% (95% 
CI [40.83; 61.30]), respectively (Figure S2). Of the 96 
studies describing resistance in E. coli, 27 studies (27.2%) 
identified extended-spectrum beta-lactamase-producing 
isolates that cause infection, with a resistance prevalence 
of 49.87% (95% CI [39.29; 60.46]) (Fig.  3). Heterogene-
ity was high (I2 89–98%) across studies for almost all the 
antibiotic classes except for chloramphenicol, which was 
moderate (I2 56%) (Table 2).

AMR in Klebsiella pneumoniae
Sixty-six studies described antibiotic resistance in K. 
pneumoniae infections (bloodstream: n = 42, urinary 
tract: n = 2, respiratory tract: n = 3, wound: n = 1, biliary 
tract: n = 1, multiple sites: n = 17). Most studies reported 
resistance to fluoroquinolones (51 studies), followed by 
resistance to aminoglycosides (49 studies), third-gen-
eration cephalosporins (47 studies), BLBLIs (44 stud-
ies), and carbapenems (44 studies) (Table  2). Resistance 
to chloramphenicol was described in only 5 studies, as 

shown in Table 2. Resistance to penicillin had the high-
est resistance prevalence of 98.99% [95.11; 100], while a 
lower prevalence of antibiotic resistance was observed 
among polymyxins (16.29%, 95% CI [7.46; 27.45]). The 
resistance prevalence to cotrimoxazole, third-generation 
cephalosporins, BLBLIs, monobactam, fourth-genera-
tion cephalosporins, and fluoroquinolones were 70.92% 
(95% CI [55.95; 84.19]), 65.95% (95% CI [56.03; 75.29]), 
65.45% (95% CI [56.27; 74.14]), 64.64% (95% CI [47.45; 
80.22]), 60.85% (95% CI [48.75; 72.37]), and 59.23% (95% 
CI [49.93; 68.26], respectively (Figure S3). Additionally, 
the resistance prevalence of extended-spectrum beta-lac-
tamase-producing K. pneumoniae infection was 41.06% 
(95% CI [27.09; 55.67]) (Fig.  3). High heterogeneity was 
shown across studies reporting resistance to almost all 
antibiotic classes except chloramphenicol (Table 2).

AMR in Staphylococcus aureus
The prevalence of antimicrobial resistance in S. aureus 
infection was described in 65 studies. Isolates were 
from blood (n = 33), wounds (n = 3), respiratory sam-
ples (n = 2), urine (n = 1), pus (n = 1), or multiple sources 
(n = 25). Of the 65 studies focusing on infection, 42 stud-
ies identified methicillin-resistant Staphylococcus aureus 
(MRSA), with a pooled prevalence of 45.29% (95% CI 
[33.95;56.86]). Resistance to macrolides had the high-
est prevalence (55.63%, 95% CI [46.93; 64.19]), followed 
by fluoroquinolones (40.73%, 95% CI [28.19; 53.81]). 
Rifampin resistance, described in 6 studies, had a lower 
resistance prevalence of 18.19% (95% CI [3.38; 38.76]). 
The heterogeneity of studies was high for all the antibi-
otic classes (I2 = 80–97%) (Table 2).

AMR in Pseudomonas aeruginosa
AMR in P. aeruginosa was described in 60 studies. Iso-
lates associated with infections were from blood (n = 36), 
wounds (n = 3), urine (n = 2), respiratory samples (n = 2), 
bile (n = 1), pus (n = 1), and multiple sources (n = 15). 

Fig. 3 Pooled prevalence of ESBL-producing Escherichia coli and Klebsiella pneumoniae isolated from cancer patients
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Resistance to third-generation cephalosporins, carbapen-
ems, BLBLIs, fluoroquinolones, and aminoglycosides was 
widely reported in most of the studies (Table  2). Resis-
tance to third-generation cephalosporins had the highest 
resistance prevalence (49.41%, 95% CI [39.75; 59.09]), fol-
lowed by BLBLIs (43.81%, 95% CI [33.34; 54.51]), and flu-
oroquinolones (40.07%, 95% CI [29.33; 51.25]), while the 
lowest prevalence of resistance was observed for poly-
myxins (13.22%, 95% CI [1.35; 31.10]). Heterogeneity was 
high across studies for all antibiotic classes (I2 = 85–93%) 
(Table 2).

AMR in Enterobacter spp
A total of 29 studies evaluated AMR in Enterobacter spp. 
isolated from infections (Table  2). Resistance to third-
generation cephalosporins, BLBLIs, and fluoroquino-
lones was widely reported in isolates causing infection. 
The highest prevalence of AMR was observed for penicil-
lin (91.77%, 95% CI [53.88; 100]), followed by cotrimoxa-
zole (69.11%, 95% CI [43.14; 90.77]) and BLBLIs (60.22%, 
95% CI [46.63; 73.22]. The lowest resistance prevalence 
was for carbapenem, at 39.43% (95% CI [18.38; 62.33]). 
Heterogeneity was moderate across studies for both BLB-
LIs and aminoglycosides (I2 = 70%) (Table 2).

AMR in Acinetobacter baumannii
Twenty-four studies described AMR in A. baumannii 
isolates from infected patients. The resistance rate was 
highest for third-generation cephalosporins (84.10%, 95% 
CI [67.85; 96.20]), followed by carbapenems (82.58%, 
95% CI [68.37; 93.83]), fourth-generation cephalosporins 
(80.75%, 95% CI [59.01; 96.44]), and fluoroquinolones 
(80.37%, 95% CI [64.64; 93.05]). Resistance to polymyxins 
had the lowest resistance prevalence of 18.97% (95% CI 
[3.01; 41.87]). High heterogeneity was shown across all 
studies (Table 2).

AMR in Enterococcus faecium
Fifteen studies reported AMR in E. faecium infections 
(Table  2). Penicillin resistance had the highest resis-
tance prevalence of 90.64% (95% CI [68.00; 100]), while 
the lowest resistance prevalence was observed for van-
comycin (21.07%, 95% CI [8.53; 36.56]). The prevalence 
of resistance to tetracyclines was 28.26% (95% CI [1.58; 
65.30]) (Table 2).

AMR in Streptococcus pneumoniae
Four studies reported AMR in S. pneumoniae. All the 
studies described invasive pneumococcal disease, where 
isolates were obtained from the blood. Penicillin and 
lincosamide resistance were evaluated in 3 studies, with 
pooled resistance prevalence of 84.15% (95% CI [45.92; 
100]) and 70.78% (95% CI [31.00; 99.13]), respectively 
(Table 2).

AMR by cancer types and study designs
A subgroup analysis was performed to estimate the 
pooled resistance to the various antibiotic classes based 
on the type of cancer patients included in the studies 
and study designs. Isolates from patients with haema-
tological cancer exhibited higher rates of resistance to 
fourth-generation cephalosporins, carbapenems, fluoro-
quinolones, beta-lactamases inhibitors, aminoglycosides, 
monobactams, polymyxins, and vancomycin. Higher 
rates of resistance to penicillins, co-trimoxazole, and 
tetracyclines were observed among isolates from solid 
cancer patients. The pooled resistance to methicillin, 
lincosamides, and macrolides was higher among isolates 
reported in studies describing patients of both can-
cer types. Overall, high rates of resistance to penicillins 
and low polymyxin resistance were observed among all 
cancer types. For study design, isolates reported in pro-
spective studies exhibited relatively higher resistance to 
almost all the antibiotic classes. Resistance to penicillins 
and polymyxins had relatively higher rates among isolates 
reported in retrospective studies except penicillins and 
polymyxins. Chloramphenicol resistance was only tested 
in prospective studies. Table 3 summarizes the results for 
the subgroup analysis.

Quality of the included studies
Most of the studies included (n = 70, 53%) were of moder-
ate quality according to the modified STROBE checklist. 
Only two studies were of low quality because they did not 
discuss most of the items on the checklist. The following 
items were not often discussed: how the study sample 
size was derived, patient outcomes, source of data, and 
variable definitions. The reporting completeness was 
high in 60 studies (46%) (Table S2).

Meta-regression
A meta-regression was performed to identify the sources 
of heterogeneity observed in our meta-analysis. The 
regression model incorporated four study characteris-
tics: cancer type, bacterial isolates, class of antibiotics, 
and study design. For cancer type, only heamatological 
and solid cancers exhibited a significant positive associa-
tion with the observed heterogeneity. Regarding bacterial 
isolates, all showed a significant negative association with 
the heterogeneity, except for Streptococcus pneumoniae, 
which displayed a non-significant negative association. In 
terms of antibiotic class, 4th-generation cephalosporins, 
aminoglycosides, carbapenems, polymyxins, and tetra-
cyclines were significantly negatively associated with the 
observed heterogeneity, while penicillins had a significant 
positive association. Additionally, retrospective stud-
ies demonstrated a significant negative association with 
heterogeneity. However, the model could not generate 
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results for A. baumannii, 3rd-generation cephalosporins, 
or prospective studies due to redundancy (Table 4).

Sensitivity analysis
A sensitivity analysis was performed by excluding low-
quality studies identified during our quality assessment. 
The comparison of pooled resistance rates for bacterial 
isolates before and after the exclusion showed general 
stability between the resistance rates, indicating that the 
findings of our meta-analysis are robust (Table 5).

Discussion
The predisposition of cancer patients to infections is 
exacerbated by their usual administration of immunosup-
pressive drugs in an attempt to reduce the proliferation 
of cancer cells [16–19]. Consequently, the compromised 
immune system of these individuals necessitates con-
comitant antibiotic usage to clear bacterial cells in infec-
tions [20–22]. Unfortunately, this frequent exposure to 
antibiotics can contribute to the development of anti-
biotic resistance. As a result, cancer patients have the 
potential to be significant sources of antibiotic-resistant 
bacteria, as bacteria tend to develop resistance when 
exposed to high levels of antibiotics [23–25]. We con-
ducted a pioneering systematic review and meta-analysis 
to consolidate and present data on antibiotic resistance 

among major bacterial pathogens isolated from cancer 
patients.

The wide scope of studies identified in this review 
reflects the heightened concern and extensive research 
devoted to understanding and combating AMR in cancer 
patients worldwide. The focus on patients with haemato-
logical cancers is clearly justified, given their greater risk 
of developing infections due to the nature of the under-
lying disease and its treatment [9]. Notably, infections 
account for 60% of fatalities in haematological cancer 
patients.

Our current study revealed a strong association 
between antibiotic resistance and cancer patients. We 
observed a consistently high prevalence of antibiotic 
resistance among the included pathogens in cases of 
infection. The resistance patterns exhibited variations 
across different antibiotics and to varying degrees. In 
infection cases, E. coli showed high resistance, ranging 
from 20.30% for carbapenem to 81.84% for penicillin. 
This was followed by K. pneumoniae, with a resistance 
range of 16.29% for polymyxins to 98.99% for penicillin, 
while S. aureus exhibited resistance ranging from 18.19% 
for rifampin to 55.63% for macrolides. These findings 
reinforce the concerning rise of carbapenemases, which 
are enzymes responsible for carbapenem resistance. 
This resistance mechanism involves the production of 

Table 3 Pooled resistance to the various antibiotic classes according to cancer patient types and study designs
Antibiotic class Bacterial patho-

gens tested
Pooled resistance (%) [95% CI]

Cancer types Study design

Haematological Solid Both Prospective Retrospective
3rd gen. 
cephalosporins

EC, KP, PA, EB, AB 60.09 [52.01; 67.93] 60.13 [48.60; 71.19] 60.79 [51.39; 69.89] 64.67 [55.70; 73.22] 58.28 [51.68; 64.76]

4th gen. 
cephalosporins

EC, KP, PA, EB, AB 53.79 [42.14; 65.26] 50.85 [37.55; 64.09] 50.42 [37.47; 63.35] 58.72 [48.12; 68.99] 48.52 [39.81; 57.27]

Carbapenems EC, KP, PA, EB, AB 40.49 [30.65; 50.68] 33.15 [20.96; 46.43] 39.99 [28.40; 52.08] 44.70 [35.00; 54.57] 35.97 [27.74; 44.58]
Fluoroquinolones EC, KP, PA, EB, 

AB, SA
55.23 [47.24; 63.10] 50.85 [39.20; 62.46] 52.25 [44.43; 60.03] 53.30 [46.10; 60.45] 51.67 [45.29; 58.02]

Penicillin/penicillin 
derivatives

EC, KP, EF, EB, SP 85.14 [65.60; 98.02] 93.41 [85.88; 98.67] 89.90 [78.34; 98.08] 87.93 [75.55; 97.18] 90.55 [84.17; 95.72]

Beta-lactamase 
inhibitors

EC, KP, PA, EB., AB 54.47 [46.19; 62.65] 52.35 [41.32; 63.29] 53.57 [45.65; 61.42] 61.04 [52.27; 69.53] 48.08 [42.24; 53.94]

Aminoglycosides EC, KP, PA, EB, 
AB, SA

43 [35.39; 50.76] 39.15 [31.67; 46.87] 39.11 [32.48; 45.92] 46.76 [39.96; 53.61] 34.62 [29.80; 39.57]

Cotrimoxazole EC, KP, SA, EB, AB 60 [50.43; 69.24] 67.95 [52.31; 81.98] 60.92 [50.58; 70.87] 69.41 [59.96; 78.24] 55.97 [47.03; 64.74]
Tetracyclines EC, KP, SA, EB, AB 29.32 [17.26; 42.94] 44.58 [17.84; 73.01] 30.77 [23.08; 55.44] 43.49 [29.15; 58.29] 32.89 [19.42;47.78]
Monobactams EC, KB, EB 62.26 [45.85; 77.44] 58.41 [45.76; 70.50] 54.89 [41.23; 68.22] 74.07 [61.53; 85.06] 50.08 [37.88; 62.26]
Polymyxins EC, KP, PA, AB 26.81 [12.41; 44.06] 13.67 [0; 46.45] 13.06 [3.49; 26.01] 10.67 [2.76; 21.75] 24.18 [13.20; 36.84]
Chloramphenicol EC, KP 29 [21.74; 36.82] 41.39 [12.96; 72.57] 48.39 [20.08; 77.13] 36.04 [23.66; 49.19]
Vancomycin EF 34.31 [12.07; 60.15] 16.13 [0; 77.72] 23.13 [6.36; 44.72] 27.28 [9.58; 49.13] 20.11 [6.04; 38.12]
Methicillin SA 52.24 [26.09; 77.85] 39.63 [25.32; 39.60] 45.23 [27.18; 63.86] 45.05 [26.33; 64.44] 45.58 [30.77; 60.73]
Lincosamides SA, SP 27.48 [3.32; 60.33] 32.74 [26.19; 39.60] 35.67 [21.46; 51.02] 41.05 [21.30; 62.12] 27.50 [17.00; 39.19]
Macrolides SA 37.44 [24.45; 51.23] 51.15 [35.32; 66.88] 59.44 [45.77; 72.52] 61.11 [52.97; 68.99] 51.83 [39.06; 64.50]
Rifampin SA 31.81 [10.79; 56.54] 31.87 [8.30; 60.67] 4.8 [0.00; 14.52]
EC: Escherichia coli, KP: Klebsiella pneumoniae, SA: Staphylococcus aureus, PA: Pseudomonas aeruginosa, EB: Enterobacter spp., AB: Acinetobacter baumannii, EF: 
Enterococcus faecium, and SP: Streptococcus pneumoniae
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beta-lactamases that can deactivate carbapenems and 
other beta-lactam antibiotics [27, 28]. The resistance to 
penicillin was generally high across all the bacteria evalu-
ated, ranging from 84.15% in S. pneumoniae to 98.99% 
in K. pneumoniae. This prevalence of penicillin resis-
tance is greater than the 23% recorded among human 

subjects in the WHO African regions [29]. The high 
resistance observed in polymyxins, known as last-resort 
antibiotics, is a cause for the alarm. Importantly, patho-
gens resistant to this vital antibiotic are not bacteria that 
naturally possess intrinsic resistance to polymyxins [30]. 
This finding underscores that the bacteria isolated from 

Table 4 Factors affecting heterogeneity in the study
Covariates Estimate Standard Error z-value p-value 95% CI

ci.lb ci.ub
Type of Cancer
Haematological and solid cancer (Intercept) 1.1415 0.0371 30.8009 < 0.0001 1.0689 1.2141
Haematological cancer 0.0321 0.0189 1.6963 0.0898 -0.0050 0.0692
Solid cancer 0.0192 0.0230 0.8335 0.4046 -0.0260 0.0644
Unspecified 0.0147 0.0307 0.4785 0.6323 -0.0455 0.0749
Bacterial Isolates
Enterobacter spp. -0.2297 0.0407 -5.6405 < 0.0001 -0.3095 -0.1499
Enterococcus faecium -0.3196 0.0889 -3.6195 0.0003 -0.4926 -0.1465
Escherichia coli -0.2884 0.0312 -9.2375 < 0.0001 -0.3496 -0.2272
Klebsiella pneumoniae -0.1652 0.0323 -5.1101 < 0.0001 -0.2286 -0.1018
Pseudomonas aeruginosa -0.3035 0.0345 -8.7992 < 0.0001 -0.3711 -0.2359
Staphylococcus aureus -0.3800 0.0452 -8.3989 < 0.0001 -0.4687 -0.2913
Streptococcus pneumoniae -0.1838 0.1705 -1.0784 0.2809 -0.5180 0.1503
Class of Antibiotics
4th generation cephalosporins -0.0756 0.0353 -2.1404 0.0323 -0.1447 -0.0064
Aminoglycosides -0.1752 0.0309 -5.6621 < 0.0001 -0.2358 -0.1145
Beta-lactamase inhibitors -0.0628 0.0319 -1.9712 0.0487 -0.1253 -0.0004
Carbapenems -0.2006 0.0323 -6.2162 < 0.0001 -0.2638 -0.1373
Chloramphenicol -0.2111 0.0999 -2.1137 0.0345 -0.4068 -0.0154
Co-trimoxazole 0.0343 0.0396 0.8654 0.3868 0.0434 0.1120
Fluoroquinolones -0.0587 0.0306 -1.9218 0.0546 -0.1186 0.0012
Lincosamides -0.1042 0.0743 -1.4019 0.1610 -0.2498 0.0415
Macrolides 0.1045 0.0750 1.3927 0.1637 -0.0426 0.2516
Methicillin 0.0155 0.0647 0.2389 0.8112 -0.1114 0.1423
Monobactams 0.0096 0.0520 0.1841 0.8539 -0.0923 0.1114
Penicillins 0.2902 0.0449 6.4569 < 0.0001 0.2021 0.3783
Polymyxins -0.4526 0.0529 -8.5529 < 0.0001 -0.5564 -0.3489
Rifampin -0.2435 0.1380 -1.7645 0.0777 -0.5140 0.0270
Tetracyclines -0.2077 0.0460 -4.5159 < 0.0001 -0.2979 -0.1176
Vancomycin -0.2302 0.0953 -2.4146 0.0158 -0.4170 -0.0433
Study Design
Retrospective -0.0811 0.0166 -4.9008 < 0.0001 -0.1136 -0.0487

Table 5 Sensitivity analysis of the overall pooled resistance among each organism
Organism Before excluding low-quality studies After excluding low-quality studies

Overall pooled resistance (%) L. CI U. CI Overall pooled resistance (%) L. CI U. CI
Escherichia coli 47.39 44.43 50.36 46.73 43.73 49.73
Klebsiella pneumoniae 58.24 54.14 62.29 58.18 54.00 62.31
Staphylococcus aureus 38.19 33.60 42.88 38.23 33.59 43.04
Pseudomonas aeruginosa 40.00 35.69 44.38 39.23 34.95 43.59
Enterobacter spp. 55.83 49.44 62.14 55.83 49.44 62.14
Acinetobacter baumannii 73.00 66.36 79.26 73.00 66.36 79.26
Enterococcus faecium 44.57 23.66 66.30 44.57 23.66 66.30
Streptococcus pneumoniae 77.71 50.17 97.63 77.71 50.17 97.63
L. CI: lower confidence interval; U. CI: upper confidence interval
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cancer patients have acquired resistance to these antibi-
otics, emphasizing the alarming development of acquired 
resistance. Possible underlying factors for this high anti-
biotic resistance among cancer patients are immunosup-
pression, prolonged antibiotic exposure, invasive medical 
devices such as central venous lines, urinary catheters, 
and intensive treatments such as chemotherapy and 
radiation therapy. These procedures and treatments can 
weaken their immune system, increasing their suscepti-
bility to infections. Moreover, the acquisition of resistant 
bacteria from healthcare settings is significant, consider-
ing that cancer patients spend a substantial amount of 
time in these facilities. Healthcare settings have an ele-
vated prevalence of resistant strains [31, 32] and may play 
a crucial role in the high prevalence of antibiotic-resis-
tant bacterial isolates among cancer patients.

With respect to each pathogen, the resistance var-
ied depending on its classification. Compared with 
gram-positive bacteria, gram-negative bacteria exhib-
ited distinct interactions and resistance patterns. A 
wide variety of gram-negative strains, such as E. coli 
isolates from infections, were resistant to many classes 
of antibiotics, including third- and fourth-generation 
cephalosporins (51.08%-56.06%) and fluoroquinolones 
(53.24%). In addition to being highly resistant to penicil-
lins and monobactams, many of these isolates (49.87%) 
that cause infections are ESBL-producing E. coli, which 
may account for the resistance to wide classes of anti-
biotics, as some ESBL-producing Enterobacteriaceae 
are resistant to nearly all antibiotics [33]. Similarly, K. 
pneumoniae strains exhibited a wide range of resis-
tance to various classes of antibiotics in this study. This 
included resistance to penicillins (98.99%) and polymyx-
ins (16.29%), cotrimoxazole (70.92%), third- and fourth-
generation cephalosporins (65.95%-60.85%), BLBLIs 
(65.45%), monobactams (64.64%), and fluoroquinolones 
(59.23%). These key findings reveal the limited effective-
ness of these antibiotics against K. pneumoniae, present-
ing significant challenges in the clinical management of 
their infections as the available antibiotic options become 
increasingly limited. The resistance prevalence of ESBL-
producing K. pneumoniae was 41.06%. This highlights 
that ESBL-producing E. coli and K. pneumoniae are glob-
ally emerging pathogens that pose significant challenges, 
especially among cancer patients. These key findings 
highlight rapid evolutionary resistance and the need for 
alternative therapeutic options and emphasize the impor-
tance of antibiotic stewardship programmes to mini-
mize the emergence of further resistance. Like the other 
gram-negative strains, P. aeruginosa was also associated 
with resistance to many of the antibiotic classes under 
consideration, including third-generation cephalospo-
rins (49.41%), carbapenems (37.73%), BLBLIs (43.81%), 
fluoroquinolones (40.07%), polymyxins (13.22%), and 

aminoglycosides (38.96%). The repeatedly high resistance 
of the Gram-negative organisms could be due to several 
factors, including the ready availability of antibiotics (e.g., 
penicillins and cotrimoxazole) and the fact that antibiot-
ics are inexpensive and easily acquired to treat infections 
caused by a wide variety of organisms, resulting in wide-
spread use [34].

A. baumannii, an already established and dangerously 
resistant bacterium, has progressively evolved into a pan 
drug-resistant bacterial infection in recent years due 
to its strong biofilm formation ability and other resis-
tance mechanisms. Unsurprisingly, our study revealed 
significant resistance to multiple classes of antibiotics, 
including third- and fourth-generation cephalosporins 
(84.10-80.75%), carbapenems (82.58%), fluoroquinolones 
(80.37%), and polymyxins (18.97%). A. baumannii is rec-
ognized as a major pathogen with widespread resistance 
and is responsible for severe invasive infections such as 
bacteraemia. In the context of cancer patients, this poses 
a grave concern because it can lead to therapeutic failure 
due to the high levels of antibiotic resistance. Its ability 
to overcome the action of numerous antibiotics stems 
from various adaptive features, modifications of target 
sites, aminoglycoside-modifying enzymes, efflux pumps, 
including β-lactamases, and strong biofilm formation 
[35]. These adaptive mechanisms grant A. baumannii 
superior resistance ability, making it highly challenging 
to treat effectively with existing antibiotics [36]. More-
over, Enterobacter spp., known for causing a range of 
infections, such as bloodstream infection, respiratory 
infection, urinary tract infection, and intra-abdominal 
infections, exhibited high resistance rates to penicil-
lin (91.77%), cotrimoxazole  (67.11%), and carbapenem 
(39.43%). This resistance pattern observed in Enterobac-
teriaceae may be attributed to the expression of single 
genes that encode potent drug-modifying enzymes [37].

Consistent with previous research by Montassier et 
al. [38] on bacteraemia among cancer patients, we also 
observed a predominance of gram-negative bacteria 
compared to gram-positive bacteria. Among the gram-
positive isolates, only a few, including S. aureus, S. pneu-
moniae, and E. faecium, were detected. S. pneumoniae 
is known to play a significant role in invasive bacterial 
infections such as pneumonia and meningitis, especially 
in individuals with compromised immune systems. Con-
sequently, cancer patients are particularly susceptible to 
severe infections caused by these pathogens [39]. Nota-
bly, S. pneumoniae exhibited high resistance rates to pen-
icillin (84.15%) and lincosamide (70.78%). The significant 
resistance observed in S. pneumoniae is a cause for con-
cern, particularly because β-lactam drugs are the primary 
treatment for pneumococcal disease [40]. This limited 
availability of effective therapeutic options, coupled with 
high resistance rates, raises serious concerns about the 
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potential for treatment failure. S. pneumoniae resists the 
action of these antibiotics through genetic mutations that 
alter the structure of penicillin-binding proteins, lead-
ing to a decreased affinity for β-lactam antibiotics [41]. 
E. faecium also exhibited resistance to several antibiot-
ics, including penicillin (90.64%), vancomycin (21.07%), 
and tetracyclines (28.26%). Although intrinsic resis-
tance is observed in some Enterococcus strains, addi-
tional resistance mechanisms have been identified. These 
mechanisms involve the acquisition of β-lactamases, the 
accumulation of point mutations in the penicillin-bind-
ing region of PBP5 [42], the acquisition of broad-host-
range plasmids, and the exchange of resistance-encoding 
genes [43].

Furthermore, S. aureus, a bacterium widely acknowl-
edged for its high resistance, can cause a diverse range 
of serious infections. We determined that the pooled 
prevalence of MRSA infection among cancer patients 
was 45.29%. S. aureus exhibited resistance to a wide vari-
ety of antibiotics, such as macrolides (55.63%), methicil-
lin (45.29%), fluoroquinolones (40.73%), and rifampin 
(18.19%). The high resistance of S. aureus indicates that 
it is still a significant burden among cancer patients. In 
addition to biofilm formation, S. aureus becomes resis-
tant to beta-lactamase through the acquisition of a 
genomic island, SCC mec, which carries the mecA gene 
(methicillin resistance determinant) [44]. Additionally, 
the enzymatic inactivation of antibiotics, such as through 
penicillinase and aminoglycoside-modification enzymes, 
as well as antibiotic entrapment and efflux pumps, con-
tributes to antibiotic resistance [45].

Our sensitivity analysis confirmed the reliability of the 
results from the meta-analysis. However, this study has 
several limitations. While most of the observational stud-
ies were conducted among cancer patients, many lacked 
control groups of non-cancer patients, making it impos-
sible to compare the association between antimicrobial 
resistance (AMR) in cancer patients versus non-cancer 
patients. By focusing primarily on pathogens that are 
significant public health threats, this review may have 
overlooked valuable data on emerging pathogens and 
opportunistic infections in cancer patients. Addition-
ally, high heterogeneity was observed across the included 
studies. A meta-regression was performed to identify the 
sources of the observed heterogeneity. Furthermore, the 
wide prediction interval could be attributed to the high 
variability in the extracted resistance data.

Conclusion
The review highlighted high prevalence of antimicrobial 
resistance in bacterial pathogens isolated from cancer 
patients. Resistance to key antibiotics, such as fluoroqui-
nolones, aminoglycosides, and third-generation cephalo-
sporins, was frequently observed in multiple pathogens. 

The rapid emergence of extended-spectrum beta-lacta-
mase-producing isolates poses an additional challenge 
for effective treatment. Methicillin-resistant Staphylococ-
cus aureus remains a significant concern, with a consid-
erably high resistance prevalence reported. Carbapenem 
resistance in Acinetobacter baumannii and Klebsiella 
pneumoniae underscores the urgent need for infec-
tion control measures. We therefore recommend that 
the prophylactic use of antibiotics in cancer patients be 
effectively monitored to reduce the development rate of 
antibiotic resistance.
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