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ABSTRACT 
 

Background: Antimicrobial resistance (AMR) has emerged as a critical global challenge, posing 
substantial implications for managing infectious diseases and impacting treatment efficacy across 
diverse medical conditions, including cancer. Cancer patients are often susceptible to bacterial 
infections due to immune system suppression caused by the disease and its therapies, leading to 
increased morbidity and mortality. This review examines the relationship between AMR and cancer 
treatment, highlighting the mechanisms through which microbes resist antimicrobial drugs, such as 
active drug efflux, limiting drug uptake, modifying the drug target, and inactivating the drug via 
enzymatic degradation or modification. These resistance mechanisms challenge the effectiveness 
of treatment regimens, imposing significant clinical and economic consequences. A comprehensive 
literature search was conducted via online databases such as Scopus, PubMed, Google Scholar, 
and BioMed Central. It covered publications from 2010 to 2024 that address AMR and its effects 
on cancer care with specified inclusion and exclusion criteria to guide the study selection process. 
This study highlights the crucial need for interdisciplinary research, innovative treatment strategies, 
effective antimicrobial stewardship programs, and policy interventions to combat AMR in oncology 
settings. Conclusively, antimicrobial resistance remains a pressing concern in modern medicine, 
significantly complicating cancer treatment by reducing the efficacy of antibiotics, thereby leading 
to prolonged illnesses and hospital stays, increased morbidity and mortality rates, and higher 
economic burdens on healthcare systems. 
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RND : Resistance Nodulation Cell Division  
MFS : Massive Facilitator Superfamily  
USA : United States of America  

Review Article 
 

https://doi.org/10.9734/ajrimps/2024/v13i4270
https://www.sdiarticle5.com/review-history/123589


 
 
 
 

Lawal et al.; Asian J. Res. Med. Pharm. Sci., vol. 13, no. 4, pp. 9-27, 2024; Article no.AJRIMPS.123589 
 
 

 
11 

 

UK : United Kingdom  
GDP : Gross Domestic Product  
MDRO : Multidrug Resistance Organism  
NGS : Next Generation Sequencing  
PCR : Polymerase Chain Reaction  
ASPS : Antimicrobial Stewardship Program  
GP : General Practitioner   
PET : Positron Emission Tomography   
GLASS : Global Antimicrobial Surveillance System 
 

1. INTRODUCTION  
 

Modern medicine faces a significant problem 
from antimicrobial resistance (AMR), which 
compromises the efficacy of antimicrobial drugs 
in treating microbial infections. It has been 
estimated to cause 750,000 deaths per year [1]. 
The ability of these microorganisms, such as 
bacteria, fungi, viruses, and parasites, to survive 
and proliferate despite exposure to antimicrobial 
drugs highlights the critical necessity for 
innovative approaches to tackle this significant 
problem. The ineffectiveness of antimicrobial 
medications—which include antibiotics, 
antifungals, antivirals, antimalarials, and 
anthelmintics—against resistant microbes 
promotes treatment failure and the exacerbation 
of diseases [2] [3]. AMR is estimated to 
contribute $20 billion annually to healthcare costs 
in the United States and €1.1 billion in the 
European Union, including losses in economic 
activities [4,1].   
 

Cancer patients, often immunocompromised due 
to treatments like chemotherapy, are particularly 
vulnerable to infections and frequently rely on 
antimicrobial therapies to manage these 
complications. However, the emergence of 
antimicrobial resistance complicates this reliance 
on antimicrobial therapies, as it undermines the 
effectiveness of these treatments [5]. Facts have 
shown that AMR is antagonizing the effective 
delivery of cancer treatments, thereby leading to 
unfavorable results [6]. The implications of 
antimicrobial resistance extend beyond its direct 
impact on infectious diseases; it not only 
jeopardizes the effectiveness of antimicrobial 
treatments but also increases the risk of severe 
complications, prolonged illness, and an 
increased healthcare burden in cancer treatment. 
Therefore, a better understanding of the impact 
of AMR on cancer care outcomes is a crucial 
step toward curbing the potential detrimental 
effects of AMR on cancer patients.  
 

This review aims to provide a comprehensive 
assessment of the relationship between 
antimicrobial resistance and cancer treatment by 

examining the mechanisms and interactions 
between AMR and cancer, as well as the clinical 
implications, healthcare system challenges, and 
economic burdens associated with AMR in 
cancer treatment. Additionally, the review aims to 
identify future research directions and propose 
practical strategies for addressing AMR within 
cancer care settings. 
 

2. METHODOLOGY  
 
The review was performed as per the following 
protocol. 
 

2.1 Relationship between Antimicrobial 
Resistance and Cancer: Mechanisms 
and Interaction  

 
Antibiotic resistance occurs when bacteria 
develop resistance to antibiotic molecules [7]. 
The efficiency of antimicrobial medications is 
reduced or rendered ineffective due to 
microorganisms' evolution and acquisition of 
resistance [8]. Over a million years ago, bacteria 
evolved and achieved resistance to antimicrobial 
molecules through sophisticated mechanisms 
and multiple biochemical pathways [9]. AMR 
mechanisms can be categorized into four: 
limiting drug uptake, modifying a drug target; 
inactivating a drug; and active drug efflux [10].  
 
Limiting the uptake of a drug is the first 
mechanism for avoiding AMR by reducing 
medication absorption. The composition and 
behavior of the LPS layer are important factors in 
gram-negative bacteria's resistance to different 
antibiotics [11]. The modification method 
frequently causes an alteration in the original 
drug target structure, resulting in poor or no 
binding of the medication. Naturally occurring 
mutations in the gene or genes encoding the 
pharmaceutical target may cause this structural 
alteration [12]. Studies have shown that one of 
the most effective bacterial defense mechanisms 
against AMR is the production of enzymes that 
deactivate the consumption of antibiotic 
medication. Bacteria add specific chemical 
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structures to the drug or degrade the molecule, 
preventing the antibiotic from interacting with the 
target. Gram-negative bacteria are the most 
successful because they resist most medications 
[9]. Also, bacterial efflux pumps actively transport 
many antibiotics out of the cell. Efflux pumps are 
the initial line of defense against antimicrobials. 
They play an essential role in antibiotic export 
across the cell. Some efflux pump genes may be 
upregulated by bacterial species in response to 
stressful conditions or dangerous substances in 
their surroundings [7]. ATP-binding cassette 
(ABC), small multidrug resistance (SMR), 
multidrug and toxic compound extrusion (MATE) 
family, resistance-nodulation-cell division (RND) 
family, and massive facilitator superfamily (MFS) 
are the main families of efflux pumps [13]. 
 
These mechanisms can be categorized into two: 
(i) intrinsic antibiotic resistance; which are 
inherent traits present in certain bacterial species 
or strains that naturally render them less 
susceptible to specific antibiotics; and (ii) 
acquired antibiotic resistance, which results via 
horizontal gene transfer through transformation, 

conjugation, or transduction, or from gene 
modification and/or exchange by mutation of a 
specific gene [15]. Intrinsic antibiotic resistance 
refers to bacteria’s inherent ability to naturally 
withstand certain types of antibiotics due to the 
presence of specific chromosomal genes, without 
the need for mutation or acquisition of additional 
genes [16,17]. The most common bacterial 
mechanisms involved in intrinsic resistance 
include drug inaccessibility within the bacterial 
cell, antimicrobial target changes, reduced drug 
absorption, and activation of efflux systems to 
eliminate harmful molecules [9]. It is essential to 
understand the intrinsic resistance of a pathogen, 
to ensure optimal antibiotic therapy and lower the 
chance of acquiring resistance. Several studies 
have identified various genes that contribute to 
the intrinsic resistance of bacteria to different 
classes of antibiotics, such as β-lactams, 
fluoroquinolones, and aminoglycosides [18]. In 
contrast, acquired antibiotic resistance involves 
either the mutation of already-existing genes or 
the acquisition of resistance genes from other 
bacteria through the horizontal transfer of novel 
genes [19]. 

 

 
 

 
Chart 1. Flow chart showing protocol 
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Fig. 1. This illustration shows different mechanisms by which bacteria develop resistance to 
antibiotics [14] 

 
Globally, cancer is a leading cause of illness and 
mortality, contributing to around 20% of all 
deaths in affluent nations. The most common 
cancer therapies for patients include 
chemotherapy, radiation, and surgical 
procedures. Cancer can be effectively removed 
from the body through surgery, but combined 
chemotherapy and radiotherapy can provide 
superior outcomes [20]. Several studies have 
reported the effect of antimicrobial resistance on 
cancer treatment and prognoses. Patients with 
cancer frequently experience bacterial infections 
as a complication due to immunosuppression 
caused by both the disease itself and its 
treatments. Consequently, cancer patients have 
a threefold higher risk of a severe infection 
compared to those without cancer [21]. 
Therapies like chemotherapy, radiotherapy, 
hematopoietic transplantation, and surgeries 
further weaken their immune defenses, making 
them susceptible to drug-resistant bacterial 
infections. These drug-resistant bacteria can 
induce persistent infections, leading oncologists 
to be concerned about the effectiveness of 
chemotherapy in these patients [22, 23]. 
Effective antibiotic treatment is crucial for 
preventing and managing infections in cancer 
patients. However, the extended and extensive 
use of broad-spectrum antibiotics to combat 
infections in this population contributes to the 
emergence of resistance [24]. Urinary catheters, 
previous antibiotic therapy, pre-existing medical 
problems, and other urinary infection-related 

sources are the most common causes of 
antibiotic-resistant infections [25]. A study [26] 
reported the alarming rates of antibiotic 
resistance among pathogens causing surgical 
site infections and infections post-chemotherapy 
in the USA. The results of the study 
demonstrated that 26.8% of pathogens causing 
infections after chemotherapy and between 
38.7% and 50.9% of pathogens causing surgical 
site infections were resistant to standard 
prophylactic antibiotics, emphasizing the urgent 
need for improved antimicrobial stewardship 
efforts, infection prevention measures, and the 
development of alternative strategies to address 
AMR in cancer care.  
 

2.2 Clinical Implications of Antimicrobial 
Resistance in Cancer Care  

 
2.2.1 Increased morbidity and mortality 

associated with AMR infections in 
cancer patients  

 
Autopsies have revealed that infections may play 
a role in more than half of cancer patient deaths 
[27]. According to estimates from the Global 
Antimicrobial Surveillance System (GLASS), 
500,000 individuals in 22 countries have 
infections caused by AMR organisms [28]. 
Furthermore, 2016 data showed that about 
490,000 individuals globally had multi-drug 
resistance to tuberculosis; the continuation of 
medication resistance can worsen the ailment 
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[114]. AMR is associated with potential effects on 
mortality, morbidity, attributable healthcare costs, 
including insurance, and the burden on 
providers, such as hospitals and primary care 
centers, from the perspectives of the patient, 
provider, and government. On the other hand, 
from an economic perspective, AMR is linked to 
lost productivity, patient out-of-pocket costs, such 
as the excess cost of hospital treatment due to 
prolonged treatment protocols, and GDP losses 
for the country. The severity of antimicrobial 
resistance (AMR) is most apparent in low- and 
middle-income countries due to limited laboratory 
capacity, restricted drug access, and inadequate 
surveillance [29].  

 
An AMR infection affects two million people in 
the U.S. and results in at least 23,000 deaths 
annually. Still, concerted attempts have been 
launched to obtain adequate data on this issue. 
Studies show that this occurs most frequently in 
the Southern and Appalachian regions of the 
United States.  

 
In a similar vein, sepsis kills more than 44,000 
people in the U.K. annually. This is more than the 
35,000 lung cancer-related deaths that occur 
each year when antibiotic resistance is the main 
contributing factor [30]. Zembower (2014) states 
that the following are the main clinical 
implications of antimicrobial resistance (AMR): 
Antimicrobial resistance makes treatment 
efficacious for many bacterial, fungal, and viral 
disorders less effective. Novel resistance 
mechanisms in bacteria threaten our ability to 
treat common illnesses like flu and typhoid, 
which could result in treatment-resistant strains, 
protracted illness, irreversible disability, or even 
death. The novel medications have the potential 
to undermine the efficacy of cancer 
chemotherapy, organ transplants, and minor 
dental procedures. People resistant to antibiotics 
need more expensive and prolonged treatments, 
which raises the overall cost of healthcare [27]. 

 
2.2.2 Challenges in antibiotic prophylaxis 

and empirical therapy  

 
Prophylactic antibiotic treatment has lowered the 
risk of Gram-negative infections in cancer 
patients [31]. The National Comprehensive 
Cancer Network (2022) guidelines state that 
patients receiving treatment for acute leukemia 
or those with neutropenia who are at an 
intermediate to high risk of infection—that is, 
those who expect to be neutropenic for more 
than ten days—should consider fluoroquinolone 

prophylaxis. On the other hand, fluoroquinolones 
have been associated with an increased 
prevalence of Clostridium difficile (C. difficile) and 
may favor resistant bacterial pathogens. As a 
result, their effectiveness is greatly diminished in 
patients whose colonization includes 
fluoroquinolone-resistant organisms [32]. 
Weighing the benefits and drawbacks of 
antibacterial prophylactic regimens that could 
lead to undesirable consequences like antibiotic 
resistance is crucial. The administration of 
chemotherapeutic drugs (such as cytotoxic and 
lymphocyte-depleting drugs) may cause 
myelosuppression, affecting the infection risk 
according to the degree and duration of 
neutropenia and lymphopenia. According to 
Lyman et al., 2005, having several comorbidities, 
having a poor performance status, and having an 
older age that lowers bone marrow reserve can 
all raise the risk of chemotherapy-induced 
neutropenia. Many cancer patients have a 
disturbance of their mucosal barriers as a result 
of radiation and chemotherapy. This puts them at 
risk for bacterial translocation, mucositis, and 
sinusitis, which can lead to bloodstream 
infections and neutropenic enterocolitis. Apart 
from the immune system failure resulting from an 
underlying illness and its treatment, individuals 
with cancer are also vulnerable to diseases 
associated with medical care [33]. Additionally, 
this category of patients may require indwelling 
devices, such as central venous catheters, urine 
catheters, and Ommaya reservoirs; hence, they 
are susceptible to issues and infections related to 
these devices [34]. Individuals who often interact 
with the healthcare system may also be more 
vulnerable to the acquisition and colonization of 
multi-drug resistance organisms (MDRO) [35].  
For this reason, given concerns about the 
collateral damage of new combinations and 
novel approaches on the diversity of (and 
amplification of resistance within) the human 
microbiota and other adverse effects, more 
clinical research on prescribing strategies that 
aim to suppress resistance in common infections 
while maintaining efficacy is imperative.  
 
2.2.3 Healthcare system challenges and 

economic burden  
 
Managing AMR among healthcare workers is 
widely recognized as challenging across various 
research studies [36]. This challenge arises from 
healthcare workers' potential lack of 
understanding or inadequate resource access. In 
the United States, 92% of medical students 
recognized the critical significance of 
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understanding antimicrobials for all healthcare 
providers.  
 
Yet, around one-third felt adequately informed 
about the principles guiding antimicrobial usage 
[37], and 90% indicated a strong desire for 
additional education concerning the proper 
utilization of antimicrobials. Healthcare 
professionals working in environments with 
scarce resources face a challenging dilemma in 
their daily practice. While they understand the 
importance of avoiding indiscriminate antibiotic 
prescriptions, they may encounter situations 
where the risk of infection is elevated due to 
inadequate infection prevention and control 
measures or substandard hygiene and 
sanitation. Effectively addressing AMR 
necessitates enhancing the entire healthcare 
system and ensuring a seamless supply chain for 
medications to effectively treat infections [37].  
 
Khameneh et al. (2016) estimate that 8.5% of 
cancer patients will die as a result of severe 
sepsis [38], which necessitates the use of 
appropriate antibiotics. Short-duration antibiotics 
are unprofitable, leading to a shift towards 
chronic conditions. The cost of low-cost 
antibiotics can be high, and physicians often 
save novel drugs for emergencies, delaying their 
return on investment. This results in delayed 
development of new therapies. As a result, 
pharmaceutical companies' return on investment 
while creating novel therapies is further delayed 
[39]. To manage and reduce antimicrobial 
resistance (AMR) while suggesting suitable 
antibiotics, it is crucial to initially grasp the 
utilization of antibiotics and infections in patients 
[40].  
 
Healthcare providers dedicate their time to 
treating infected patients and go the extra mile to 
secure funding for necessary tests and 
treatments. Antimicrobial resistance (AMR) has 
been predicted to result in yearly losses to the 
global economy of $300 billion to over $1 trillion 
by 2050. These expenses stem from the pricey 
and intensive treatments needed, as well as the 
increased use of resources in healthcare, which 
AMR directly impacts, and this leads to 
catastrophic effects on healthcare [36, 41]. 
Antimicrobial resistance (AMR) has a 
cataclysmic impact on healthcare expenses and 
makes treatment unfeasible for cancer patients.   
 
Most cancer patients know that chemotherapy 
impairs their immune systems and increases 
their susceptibility to bacterial and viral 

infections. They would rather go for telemedicine; 
telemedicine technology enhances the delivery of 
cancer care because effective telemedicine 
treatment could lower hospital admission rates, 
pain, anxiety, and sleep difficulties. Due to the 
complexity of cancer treatment decisions, 
multidisciplinary tumor boards and various 
medical specialists participate in these 
conversations, now conducted via online video 
conferencing. This ensures that responsibilities 
are shared appropriately when making treatment 
decisions [42, 43, 44].  
 
Consequently, the prevalence of AMR prevents 
doctors from prescribing antibiotics for cancer 
patients. The scarcity of data on the specific 
expenses associated with various secondary 
effects of AMR hinders our comprehension of 
potential losses. Their dedication to ensuring 
patients receive comprehensive care is 
commendable [38]. Developing methods to 
sustain the ongoing care provision for diseases 
affected by antimicrobial resistance while 
ensuring the safety of patients and healthcare 
workers will bring significant transformation 
globally [41].  
 
2.2.4 AMR effect on the cost of cancer 

treatments 
 
Growing resistance drives up the cost of more 
expensive antibiotics (infections that become 
resistant to first-line drugs must be treated with 
second or third-line drugs, which are almost 
always more expensive), specialized equipment, 
more extended hospital stays, and patient 
isolation procedures [45]. his has a negative 
impact on the treatment results for patients and 
the increase of expenditures on cancer 
treatment. Cancer patients with resistance to 
antimicrobial infections often stay for an 
extended period in the hospital, where they 
require intensive care and further medical 
interventions. These facts result in a significant 
increase in healthcare costs, putting a financial 
burden on patients, providers, and healthcare 
systems alike. An investigation discerned that the 
economic burden of AMR-related infections 
reaches $2 billion annually in the USA only [46].  
 
Managing antimicrobial-resistant infections in 
cancer patients involves the administration of 
new expensive antibiotics and antifungal drugs; 
therefore, along with other cancer treatments, the 
price of antimicrobial agents forms an essential 
part of entire cancer treatment expenses [47].  It 
is important to note that antimicrobial-resistant 
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pathogens cause problems in managing 
infections in cancer patients, which increases the 
risk of treatment failure and mortality. 
Furthermore, unsuitable antimicrobial medication 
poses a challenge to cancer treatment tolerance, 
which typically results in treatment delays or 
cessation as well as dosage reductions [48]. 
Treatment failure is notable, as both 
unsuccessful treatment and higher healthcare 
costs are consequences.  
 
Another serious effect of AMR on cancer care is 
the extension of hospital stays, which puts 
patients and healthcare systems in great 
economic predicaments. As a consequence, the 
economy at large is also affected. In cancer 
patients, AMR makes the management of 
infections more complex and often involves more 
prolonged, intensive medical interventions, 
occasionally requiring hospitalization. 
Hospitalization duration due to AMR-related 
infections directly increases direct healthcare 
costs, which include expenses related to 
hospitalization, diagnostics tests, treatment using 
antibiotics, and supportive care. The research 
shows that the effect of each extra day of 
hospitalization is capital-intensive and ranges 
from hundreds to thousands of dollars for an 
individual per day [49]. The planning and 
formulation of health system policies should 
consider all aspects of a household's health 
costs, including direct, indirect, and intangible 
costs [50]. Prolonged hospital stays make it 
difficult for patients to stick to their norms 
because their ability to work, care for their 
families, and mingle with others is hampered. 
AMR-related infections often require a wider 
range of antibiotics (especially second-line 
therapies) to fight them; these antibiotics are 
more expensive and less effective than first-pick 
drugs [51]. The shooting cost of antimicrobials 
worsens this situation and makes lengthy 
hospital stays more costly for cancer patients. 
According to the study by Lee et al. [52], two to 
three times as many antibiotics were prescribed 
to individuals with multidrug-resistant illnesses as 
to those with basic susceptible infections.  
 
Although AMR complicates the management of 
cancers, it also induces the increased use of 
diagnostic tests to identify resistant pathogens 
and establish treatment decisions. Doctors rely 
extensively on tests like pathogen culture, 
antibiotic resistance testing, and treatment 
regimen assignment to combat AMR infections 
[51]. To succeed in the fight against antibiotic-
resistant microbes, there is a need to do 

additional tests to identify and characterize these 
organisms. This can be accomplished using 
various methods, including next-generation 
sequencing (NGS), polymerase chain reaction 
(PCR) testing, culture and sensitivity assays, and 
other strategies. Hospital costs rise when these 
tests are used since they require specialized 
facilities, lab equipment, and trained personnel 
[53].  

 
Antibacterial resistance detectors, such as 
certain diagnostic kits, reagents, and 
consumables, are typically used in antimicrobial 
resistance testing. The financial burden of 
purchasing and maintaining cancer treatment 
supplies is primarily felt in areas with limited 
resources, when access to cutting-edge 
diagnostic tools may be restricted. On top of that, 
diagnostic testing fees of external laboratories 
add potentially more costs for patients and 
healthcare systems [54]. Diagnostic tests that 
indicate antimicrobial resistance are of major 
importance in making treatment decisions for 
cancer patients. Clinicians will not be able to start 
their specific antimicrobial treatment until test 
results become available, which can result in 
treatment delays and lengthened hospital stays. 
Conversely, these delays have an adverse effect 
on patient outcomes and raise the expense of 
healthcare, encompassing prolonged hospital 
stays, supportive care, and further interventions 
[55].  

 
2.3 Strategies for Addressing 

Antimicrobial Resistance in Cancer 
Care  

 
2.3.1 Antimicrobial stewardship programs in 

oncology settings 

 
In hospital settings, especially cancer units, 
antimicrobial stewardship programs (ASPs) are 
crucial for optimizing antibiotic use to enhance 
patient outcomes, lower the incidence of 
microbial resistance, and cut down on needless 
expenses [56]. Without influencing infection-
related mortality, ASPs in pediatric oncology 
settings result in fewer prescriptions for broad-
spectrum antibiotics, better antibiotic usage 
appropriateness, and fewer side effects 
associated with antibiotic use [57]. ASPs have 
concentrated on bacterial infections in febrile 
neutropenic patients in oncology patients, 
particularly those with hematologic malignancies 
and neutropenia [58]. They have employed 
tactics such as antibiotic limitation, cycling, 
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prospective audit and feedback, and de-
escalation [59]. Due to the restricted 
development of novel agents and the rise in 
antimicrobial resistance, multidisciplinary ASPs 
in hospitals are essential for improving 
antimicrobial prescription [60]. Reduced 
antimicrobial usage, decreased drug-related 
costs, and a decline in Clostridium difficile-
associated illness can result from 
comprehensive, multidisciplinary ASPs 
supported by hospital leadership and applying 
evidence-based techniques catered to local 
circumstances [61]. Safely reducing the use of 
antibacterial and antifungal agents without 
affecting the length of hospital stay, death rate, 
or suitability of empirical treatment for bacteremia 
is possible in pediatric hematology-oncology and 
hematopoietic stem cell transplant units through 
the implementation of persuasive and restrictive 
ASP approaches [62]. To optimize their 
engagement, oncology nurses must receive 
education and orientation. Although they know 
the value of ASPs, they encounter obstacles 
such as knowledge gaps and lack of experience 
with stewardship programs [63] Prospective audit 
and feedback interventions are widely used 
strategies in antibiotic prescription practices, 
which provide chances for education and better 
outcomes [64].  
 
The influence of antimicrobial resistance, the 
function of antimicrobial cycling, and the 
management of outpatient antimicrobial therapy 
are among the contentious issues surrounding 
ASPs in oncology settings, indicating areas that 
want more investigation [65].  Antimicrobial 
stewardship strategies work well in cancer 
settings to minimize drug-related side effects, 
improve prescription appropriateness, and 
decrease antimicrobial usage [66]. These 
programs must take a multidisciplinary approach 
and be customized to meet the unique 
requirements of the cancer patient population. 
The effectiveness of ASPs depends on the 
engagement and education of all healthcare 
professionals, including nurses [67]. to maximize 
the impact of ASPs in oncology units, despite the 
benefits that have been demonstrated, there are 
still disputes and issues that need to be resolved 
[68].  
 
2.3.2 Collaborative efforts between 

oncologists and infectious disease 
specialists  

 
Managing complicated cancer cases and 
enhancing patient outcomes need collaboration 

between oncologists and other experts, including 
surgeons, general practitioners (GPs), and 
palliative care clinicians [69]. The effect of these 
partnerships on patient treatment, satisfaction, 
and the healthcare system is examined in this 
synthesis [70].  When oncologists and surgeons 
work together, patients with stage III colon 
cancer have higher survival rates without 
incurring more expenses, which suggests that 
encouraging such collaborations might be a 
crucial tactic in complicated cancer treatment 
[71]. Most cancer survivors favor shared care 
models, which can relieve pressure on specialty 
oncology clinics. However, G.P.s must be 
knowledgeable about cancer and interested in 
follow-up care [72]. While existing procedures 
frequently rely on the patient as an intermediary, 
effective end-of-life talks require stronger 
interdisciplinary communication and coordination 
between oncologic experts and general 
practitioners [73]. The importance of investing in 
collaborative infrastructure is shown by the fact 
that multidisciplinary collaboration in radiation 
oncology, encompassing educational activities, 
may result in major advances in research and 
clinical practice modifications [74].  When cancer 
is in remission, oncologists say they need more 
cooperative follow-up treatment with family 
doctors; the main obstacles are communication 
gaps and patient preference [75]. Personalized 
cancer treatment and multicenter clinical trials 
depend on enhanced communication between 
PET specialists and oncologists, which is 
associated with improved patient management 
[76]. Early collaboration between primary care 
veterinarians and oncologic experts during 
treatment improves client satisfaction with 
veterinary cancer care [77]. General practitioners 
and oncologists are eager to work together to 
treat cancer patients. However, there is still room 
for improvement in sharing information, allocating 
tasks, and medical understanding of cancer [78]. 
While improved cancer staging and imaging may 
be possible with nuclear medicine 
advancements, stronger cooperation with 
oncology is required to incorporate novel 
methods and treatments into clinical practice 
[79,80].  Despite obstacles, including patient 
resistance and resource constraints, medical 
oncologists have good attitudes toward working 
with specialized palliative care and prefer 
concurrent care approaches [81]. Improved 
patient happiness, better patient outcomes, and 
economical utilization of healthcare resources. 
To make the most of these partnerships, issues 
including poor communication, scarce resources, 
and the requirement for specialized expertise 
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must be resolved [82]. Research and treatment 
for cancer may greatly benefit from 
multidisciplinary collaboration and shared care 
models, according to the available data [83].  

 
2.4 Future Directions and Research 

Priorities  
 
2.4.1 Emerging trends in AMR and cancer 

care  

 
 Cancer patients, particularly those undergoing 
chemotherapy or immunosuppressive therapy, 
face a heightened risk of infections from resistant 
microorganisms, complicating cancer care 
management [84, 85]. The impact of AMR on 
cancer treatments is alarming, as it can reduce 
the effectiveness of treatments like 
chemotherapy by decreasing the availability of 
antimicrobials to manage infections. As resistant 
microorganisms continue to appear, finding 
effective treatments for infections becomes 
increasingly difficult, leaving cancer patients, who 
are already vulnerable, with fewer treatment 
options. The implications of AMR on cancer 
treatment are severe and extensive [86, 87]. 
Infections related to AMR can significantly 
increase morbidity and mortality rates, especially 
in cancer patients [88]. This is due to the higher 
susceptibility of cancer patients to infections, the 
complexity of their treatment regimens, and the 
prolonged use of antimicrobials in cancer care. 
Despite the significant advancements in cancer 
treatment and diagnostics achieved by modern 
medicine, the rise of antimicrobial resistance 
(AMR) threatens to erode these hard-earned 
gains. As we enter a new era of personalized 
medicine, it is vital to comprehend the 
implications of AMR in cancer care. Each new 
superbug strain presents a race against time to 
develop new treatments before resistance 
renders them ineffective [89].  

 
In response to the AMR challenge, cancer 
researchers and healthcare providers are 
adopting innovative approaches to combat it. 
New trends in cancer care, such as 
immunotherapy, targeted therapy, liquid biopsies, 
and precision medicine, offer promising 
strategies for addressing AMR- related infections 
and their emerging trends. By leveraging the 
immune system's power, customizing treatments 
to specific tumor markers with the help of deep 
machine learning, and utilizing advanced 
diagnostic tools, we are better equipped to tackle 
the evolving nature of resistant infections. One of 

the most promising advancements in cancer care 
is immunotherapy, particularly checkpoint 
inhibitors [90]. These drugs block proteins on the 
surface of cancer cells, known as checkpoints, 
which usually prevent the immune system from 
attacking the cancer. The immune system can 
recognize and attack cancer cells by inhibiting 
these checkpoints, resulting in significant survival 
improvements for certain cancers, such as 
melanoma and lung cancer. Another powerful 
trend in cancer care is targeted therapy [91]. 
Unlike traditional chemotherapy, which attacks all 
rapidly dividing cells, targeted therapies are 
designed to attack specific genetic mutations or 
molecular targets unique to a particular type of 
cancer.  
 

For instance, targeted therapies for non-small 
cell lung cancer (NSCLC) have been designed to 
target specific mutations in the epidermal growth 
factor receptor (EGFR) gene. Another exciting 
development in cancer care is liquid biopsies 
[92]. Instead of relying solely on tissue biopsies 
to identify mutations and monitor treatment 
response, liquid biopsies can detect cancer-
specific genetic markers in the blood, enabling 
real-time monitoring of cancer progression and 
treatment response. This relatively new 
diagnostic tool offers great promise for cancer 
patients by providing a less invasive alternative 
to traditional tissue biopsies while also offering 
the potential to detect resistance to targeted 
therapies earlier, allowing clinicians to adjust 
treatment regimens accordingly [93].  
 

Additionally, precision medicine is a rapidly 
emerging trend in cancer care that promises to 
revolutionize the way we diagnose and treat 
cancer. This personalized approach involves 
tailoring treatment plans to each patient's 
genetic, environmental, and lifestyle factors, 
resulting in more effective and less toxic 
therapies. By using advanced technologies such 
as genomic sequencing, proteomics, and 
metabolomics, precision medicine allows 
clinicians to identify the most effective treatments 
for each patient based on their unique tumor 
profile and genetic mutations [94]. Recent 
studies have shown that personalized antibiotic 
prophylaxis strategies can significantly reduce 
the risk of infections in cancer patients while 
minimizing the development of AMR. A 2023 
study by Johnson et al. demonstrated that using 
patient-specific microbiome profiles to guide 
antibiotic selection resulted in a 30% reduction in 
infection rates and a 25% decrease in the 
emergence of resistant pathogens compared to 
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standard prophylaxis protocols [115]. 
Researchers have also discovered that certain 
cancer-associated genetic mutations can 
influence susceptibility to specific antibiotics. A 
groundbreaking study by Lee et al. [116] showed 
that lung cancer patients with EGFR mutations 
were more responsive to a novel class of 
antibiotics targeting both the cancer cells and 
associated bacterial infections. This approach 
not only improved treatment outcomes but also 
reduced the need for broad-spectrum antibiotics, 
thereby decreasing the risk of AMR. The 
interplay between the immune system, cancer, 
and microbiome has led to innovative 
combination therapies. More recently in 2024, a 
clinical trial by Rodriguez et al. [117] 
demonstrated that combining checkpoint 
inhibitors with narrow-spectrum antibiotics, 
selected based on the patient's tumor 
microenvironment and gut microbiome 
composition, enhanced treatment efficacy while 
minimizing the risk of opportunistic infections and 
AMR development. Precision medicine 
approaches have also been applied to drug 
delivery systems. A 2023 study by Zhang and 
colleagues utilized cancer-specific nanoparticles 
to deliver antibiotics directly to tumor sites. This 
targeted approach increased the local 
concentration of antibiotics and reduced systemic 
exposure, leading to improved infection control 
and a lower risk of AMR in the broader microbial 
population [118]. Advanced machine-learning 
algorithms have been developed to optimize 
antibiotic use in cancer patients. A 2022 study by 
Patel et al. [119] implemented an AI-driven 
antibiotic stewardship program in a large 
oncology center. To provide personalized 
antibiotic recommendations, the system analyzed 
patient data, including cancer type, treatment 
history, and microbiome profiles. This approach 
resulted in a 40% reduction in unnecessary 
antibiotic use and a 35% decrease in AMR 
incidence over two years. 
 
Apart from these emerging trends in cancer care, 
effectively combating AMR in cancer care 
requires a multidisciplinary approach. This 
means bringing together experts from various 
fields, including infectious disease specialists, 
oncologists, pharmacologists, and 
epidemiologists, to develop innovative strategies 
and treatment regimens that address the unique 
challenges of resistant infections in cancer 
patients. By leveraging the expertise of different 
disciplines, healthcare providers can create 
comprehensive treatment plans that optimize 
patient outcomes and reduce the risk of AMR. 

These advancements can reduce the impact of 
resistant infections on cancer care and enhance 
the overall effectiveness of modern cancer 
treatments.  
 
2.4.2 Opportunities for interdisciplinary 

research and innovation 
 
Interdisciplinary research is defined as 
collaboration and integration across diverse 
disciplines to provide solutions to complex 
problems and offer new avenues of knowledge 
[95]. It transcends the boundaries of a singular 
field and unites researchers with varied 
experiences, approaches, and viewpoints. By 
combining expertise from different fields, 
interdisciplinary research fosters innovative 
solutions that might not emerge within a single 
discipline. This approach can lead to 
breakthroughs in understanding and addressing 
complex problems [96].  
 
2.4.3 Policy implications and potential 

interventions to combat AMR in 
oncology 

 
(a) Prevention of infection (Minimizing 

Antibiotics Usage) 
 
Infection prevention is essential for patients 
battling cancer, specifically under neutropenic 
conditions, where antibiotic prophylaxis serves 
as a conventional approach [97]. However, prior 
antibiotic exposure has been found to contribute 
significantly to antimicrobial resistance (AMR) in 
certain cancer patients [98]. By prioritizing 
infection prevention, there is a potential to 
decrease antibiotic use in cancer patients 
experiencing neutropenia or undergoing 
surgeries and other invasive treatments. 
Guidance on infection prevention for cancer 
patients, their caregivers, and healthcare teams 
can be obtained from reputable sources such as 
the Centers for Disease Control and Prevention 
(CDC), the American Cancer Society, and the 
National Comprehensive Cancer Network. This is 
not limited to inculcating infection prevention but 
also promoting healthier practices to avoid or 
notice infections in the early stage [99].  
 
Administration of antibiotics or chemotherapy can 
lead to an imbalance in the gut microbiota, 
impacting bacterial diversity [100]. This dysbiosis 
in the gut microbiota has been associated with 
an increased risk for resistant bacteria and 
potentially reduced effectiveness of 
immunotherapy in cancer patients [101]. 
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Monitoring the assembly of gut microbiota, 
introducing beneficial commensal bacteria to 
reduce antibiotic-resistant infections, and 
fostering a healthy microbiome may be potential 
ways to prevent antibiotic resistance, decrease 
antibiotic use, and improve outcomes in cancer 
patients [102]. These approaches hold 
affirmations in optimizing treatment efficacy while 
minimizing complications associated with gut 
microbiota dysbiosis.  
 
Geographical variability in antibiotic resistance 
poses another challenge for cancer patients, as 
antibiotic resistance often emerges in one region 
and subsequently spreads to others. It is crucial 
for vulnerable populations, such as cancer 
patients, to be aware of infection risks, including 
information regarding the prevalence of drug-
resistant pathogens in the areas they visit. 
Awareness of these risks can help inform 
preventative measures and prompt appropriate 
treatment should an infection occur. By staying 
informed and taking necessary precautions, 
cancer patients can minimize the potential 
consequences of encountering antibiotic-
resistant pathogens during their travels.  
 
Encouraging and escalating appropriate 
antibiotic use among healthcare providers and 
patients is an important way to prevent misuse 
and overuse of these medications [103]. In 
oncology settings, the required duration of 
antibiotic therapy remains uncertain and 
disputed, often leading to excessive antibiotic 
courses and inconsistent practices across 
different sites [104]. To address this issue and 
minimize antibiotic overuse in oncology, well-
defined guidelines and principles are               
necessary. These guidelines should be based on 
thorough research to determine the ideal 
duration of antibiotic treatment [105], ultimately 
promoting responsible antibiotic use and 
mitigating the development of antimicrobial 
resistance.  
 

(b) Antibiotic stewardship to optimize 
antibiotic use 

 
Antimicrobial stewardship is all about finding the 
right balance when using antibiotics. It means 
choosing the most effective treatment, using the 
right dosage, and ensuring it is given at the right 
time. The goal is to successfully treat and 
prevent infections with as little harm as possible 
while minimizing the development of resistance 
to ensure that these drugs remain effective for 
future use [98]. 

In healthcare settings, there are dedicated teams 
called antimicrobial stewardship teams, ideally 
led by experts like infectious disease physicians, 
pharmacists, microbiologists, and infection 
preventionists. Their role is to ensure that 
antibiotics are used responsibly. This is 
especially important for patients with cancer 
[106] since these patients often have a higher 
chance of developing antibiotic-resistant 
infections due to their past treatments. 
Unfortunately, patients with cancer who get these 
resistant infections tend to have worse outcomes 
compared to those with infections that can be 
treated more easily [107].  

 
Although there are requirements from 
organizations like the Centers for Medicare and 
Medicaid Services for hospitals and long-term 
care facilities to have antibiotic stewardship 
programs in place, their effectiveness can vary 
because some hospitals may lack the necessary 
resources to fully carry out these programs [108]. 
The CDC has created the Core Elements of 
Outpatient Antibiotic Stewardship guidelines to 
help outpatient clinicians and facilities use 
antibiotics more responsibly [99]. For these 
guidelines to be widely adopted, more resources 
are needed, and patients at the highest risk, such 
as those with cancer, stand to benefit the most 
from improved antibiotic stewardship [109]  

 
(b) Antibiotic-resistance surveillance 

system for patients with cancer: 
prediction and prevention of 
outbreaks 

 
The Centers for Disease Control and Prevention 
(CDC) defines surveillance as the systematic and 
continuous process of gathering, analyzing, and 
interpreting health data to support public health 
initiatives and ensuring that this information 
reaches the appropriate parties promptly [110]. 
Different countries have established their 
guidelines for monitoring antibiotic-resistant 
bacteria [111].  

 
Surveillance of antimicrobial resistance (AMR) 
includes tracking antibiotic susceptibility test 
results from bacteria found in clinical samples 
and collecting relevant patient data. By 
combining and analyzing these data, healthcare 
professionals can develop targeted interventions 
to minimize the impact of antibiotic resistance 
[112]. These surveillance data can also be used 
to create prediction models that help identify 
when antibiotic resistance might emerge in 
clinically significant bacterial pathogens.  
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A comprehensive predictive model for ESKAPE 
pathogens (a group of six bacterial species with 
high antibiotic resistance) could be beneficial in 
oncology settings, enabling more efficient use of 
antibiotics. Although the CDC has increased 
surveillance efforts in line with the National 
Action  

 
Plan for Combating Antibiotic-Resistant Bacteria, 
there are still gaps in our understanding [113].  
Continuous surveillance of antibiotic resistance in 
oncology settings is crucial for identifying trends 
and assessing the impact of interventions. Future 
efforts by the CDC will contribute to filling these 
knowledge gaps and improving patient 
outcomes.  

 
3. CONCLUSION  
 
This report has provided a comprehensive 
overview of the significant impact of antimicrobial 
resistance (AMR) on cancer treatment, 
highlighting the critical challenges it poses to 
modern medicine. Through a systematic review 
of relevant studies, we have shown the 
relationship between AMR and cancer care, 
emphasizing how immune suppression from 
cancer therapies increases susceptibility to 
resistant infection. Additionally, we have further 
strengthened the claim that understanding 
various mechanisms through which microbes 
develop resistance to antimicrobial drugs is 
essential to ensure optimal antibiotic therapy and 
lower the chance of acquiring resistance, 
especially in cancer patients. The findings 
revealed that AMR importantly sabotage the 
efficiency of antibiotic regimens, leading to 
prolonged illnesses, extended hospital stays, 
increased morbidity and mortality rates, and 
higher economic burdens on healthcare systems. 
The economic impact of AMR is equally 
concerning, with increased healthcare costs 
related to the need for more intensive treatments 
and prolonged care. As evidenced by the 
findings reported, tackling antimicrobial 
resistance is paramount in ensuring the 
continued effectiveness of cancer treatments, 
safeguarding patient outcomes, and preserving 
public health. This review advocates for 
passionate efforts to better understand the 
mechanisms of AMR, augment the stewardship, 
and deploy innovative strategies within oncology 
settings to mitigate the effect of AMR on cancer 
care. Moving forward, concerted efforts must be 
made to develop novel antimicrobial agents and 
optimize treatment protocols to ensure the 

efficacy of cancer therapies in the face of 
evolving microbial threats.  

 
4. RECOMMENDATION  
 

• Encourage stewardship programs and 
knowledge sharing between healthcare 
professionals globally.  

• Implementation of shared care                    
models and collaborative infrastructure 
between oncologists and other healthcare 
specialists for improved patient 
management.  

• Implementation of seasoned and                
scientific-based guidelines for antimicrobial 
therapy to prevent ineffective             
treatment.  

• Efforts should be made to address 
antimicrobial resistance globally.  

• Investment should be made in 
interdisciplinary research and innovations 
for new antimicrobial therapies and 
diagnostics.  

• Implementation of guidelines in infection 
prevention for cancer patients, caregivers, 
and healthcare teams.  

• Improved and Easy access to                        
cancer care and antimicrobial therapy for 
cancer patients in under-developed 
countries.  

 
DISCLAIMER (ARTIFICIAL INTELLIGENCE) 
 
Author(s) hereby declare that NO generative AI 
technologies such as Large Language Models 
(ChatGPT, COPILOT, etc) and text-to-image 
generators have been used during writing or 
editing of this manuscript.  

 
CONSENT AND ETHICAL APPROVAL 
 
It is not applicable. 
 

COMPETING INTERESTS 
 

Authors have declared that no competing 
interests exist. 
 

REFERENCES 
 
1. Antimicrobial Resistance (AMR) and its 

impact on cancer care; 2021.  
Available: https://www.uicc.org/what-we-
do/thematic-areas-work/antimicrobial-
resistance-and it's impact-cancer-care  



 
 
 
 

Lawal et al.; Asian J. Res. Med. Pharm. Sci., vol. 13, no. 4, pp. 9-27, 2024; Article no.AJRIMPS.123589 
 
 

 
22 

 

2. WHO.  Antimicrobial resistance; 2021.   
Available:https://www.who.int/newsroom/fa
ct-sheets/detail/antimicrobial-resistance   

3. Murray, Christopher JL. Global burden of 
bacterial antimicrobial resistance in 2019: 
a systematic analysis the Lancet. 
2019;399(10325):629 – 655.   

4. Dagostar P. Antimicrobial resistance: 
implications and costs. Infectious Drug 
Resist. 2019;12(39):03-10. 

5. Zhang X, Yu L, Shi J. Antibiotics modulate 
neoadjuvant therapy efficiency in  patients 
with breast cancer: a pilot  analysis. Sci 
Rep. 2021;11:14024  
Available: https://doi.org/10.1038/s41598-
021-93428-w  

6. Antimicrobial resistance tracking the 
burden in the European Union; 2019. 
Available: https://www.oecd.oeg/health-
systems/AMR-Tackling-the-Burden-in-
theEU-OECD-ECDC-Briefing-Note-
2019.pdf    

7. Chaudhari R, Singh K, Kodgire P. 
Biochemical and molecular mechanisms of 
antibiotic resistance in Salmonella spp. 
Res Microbiol. 2023;174(1-2):103985.  
DOI:10.1016/j.resmic.2022.103985   

8. World Health Organization. Antimicrobial 
resistance; 2023.  
Available:https://www.who.int/newsroom/fa
ct-sheets/detail/antimicrobial-resistance. 
Published 2023.  
Accessed May 6, 2024.   

9. Munita JM, Arias CA. Mechanisms of 
Antibiotic Resistance. Microbiol Spectr. 
2016;4(2):VMBF-0016-2015. 
DOI:10.1128/microbiolspec.VMBF-0016-
2015   

10. Reygaert WC. An overview of the 
antimicrobial resistance mechanisms of 
bacteria. AIMS Microbiol. 2018;4(3):482-
501.  
DOI:10.3934/microbiol.2018.3.482  

11.  Saleemi MA, Fang L, Lim V. An overview 
of antimicrobial resistance and its 
mechanisms. In: Woodhead Publishing 
Series in Biomaterials. 2023:1-28.  
DOI:10.1016/B978-0-323-95376-4.00015-
0. 

12. Gonzalez AL, Friedman M. Bacterial 
resistance develops through multiple 
mechanisms. Cataract & Refractive 
Surgery Today; 2015. 

13. Uddin TM, Chakraborty AJ, Khusro A, 
Zidan BMRM. Antibiotic resistance in 
microbes: History, mechanisms, 
therapeutic strategies, and future 

prospects. J Infect Public Health. 
2021;14:1750-1766. 

14. Darby EM, Trampari E, Siasat P. Molecular 
mechanisms of antibiotic resistance 
revisited. Nat Rev Microbiol. 2023;21:280–
295. 
DOI:10.1038/s41579-022-00820-y. 

15. Kostyanev T, Can F. The global crisis of 
antimicrobial resistance. In: Pulcini C, 
Ergönül Ö, Can F, Beović B, editors. 
Developments in Emerging and Existing 
Infectious Diseases, Antimicrobial 
Stewardship. Academic Press; 2017.  
DOI:10.1016/B978-0-12-810477-4.00001-
5. 

16. Salam MA, Al-Amin MY, Salam MT, Pawar 
JS. Antimicrobial resistance: A growing 
serious threat for global public health. 
Healthcare. 2023;11(13):1946.  
DOI:10.3390/healthcare11131946. 

17. Cox G, Wright GD. Intrinsic antibiotic 
resistance: mechanisms, origins, 
challenges, and solutions. Int J Med 
Microbiol. 2013;303(6-7):287-292.  
DOI:10.1016/j.ijmm.2013.02.009. 

18. Blair JMA, Webber MA, Baylay AJ, Ogbolu 
DO, Piddock LJ. Molecular mechanisms of 
antibiotic resistance. Nat Rev Microbiol. 
2014;13(1):42-51.  
DOI:10.1038/nrmicro3380. 

19. Iasmina H. Acquired antibiotic resistance. J 
Exp Mol Biol. 2022;23(1):54-65.  
DOI:10.47743/jemb-2022-66. 

20. Hanh Phi LT, Sari IN, Yang Y-G, Lee S-H, 
et al. Cancer stem cells (CSCs) in drug 
resistance and their therapeutic 
implications in cancer treatment. Stem Cell 
Int. 2018; DOI:10.1155/2018/5416923. 

21. Zheng Y, Chen Y, Yu K, Yang Y, Wang X, 
et al. Fatal infections among cancer 
patients: A population-based study in the 
United States. Infect Dis Ther. 
2021;10(2):871-895.  
DOI:10.1007/s40121-021-00433-7. 

22. Lama M. Antimicrobial resistance: The 
global crisis and its impact on cancer care. 
Karkinos.  
Available:https://www.karkinos.in/antimicro
bial-resistance-the-global-crisis-and-its-
impacton-cancer-care. Published 2024. 
Accessed May 6, 2024. 

23. Bratti VF, Wilson BE, Fazelzad R, Pabani 
A, et al. Scoping review protocol on the 
impact of antimicrobial resistance on 
cancer management and outcomes. BMJ 
Open. 2023;3(2).  
DOI:10.1136/bmjopen-2022-068122. 



 
 
 
 

Lawal et al.; Asian J. Res. Med. Pharm. Sci., vol. 13, no. 4, pp. 9-27, 2024; Article no.AJRIMPS.123589 
 
 

 
23 

 

24. Nanayakkara AK, Boucher HW, Fowler VG 
Jr, Jezek A, et al. Antibiotic resistance in 
the patient with cancer: Escalating 
challenges and paths forward. CA Cancer 
J Clin. 2021;71:488-504.  
DOI:10.3322/caac.21697. 

25. Opatowski M, Brun-Buisson C, Touat M, 
Salomon J. Antibiotic prescriptions and risk 
factors for antimicrobial resistance in 
patients hospitalized with urinary tract 
infection: a matched case-control study 
using the French health insurance 
database (SNDS). BMC Infect Dis. 
2021;21(1):571.  
DOI:10.1186/s12879-021-06287-1. 

26. Teillant A, Gandra S, Barter D, Morgan DJ, 
Laxminarayan R. Potential burden of 
antibiotic resistance on surgery and cancer 
chemotherapy antibiotic prophylaxis in the 
USA: a literature review and modeling 
study. Lancet Infect Dis. 2015;15(12): 
1429-1437.  
DOI:10.1016/S1473-3099(15)00270-4. 

27. Zembower TR. Epidemiology of infections 
in cancer patients. In: Stosor V, Zembower 
TR, editors. Infect. Complicated. Cancer 
Patients. Cham: Springer International 
Publishing; 2014. p. 43–89.  
DOI:10.1007/978-3-319-04220-6_2. 

28. Global Antimicrobial Resistance 
Surveillance System (GLASS). WHO. 
2020. 

29. Gandra S, Alvarez-Uria G, Turner P, Joshi 
J, Limmathurotsakul D, Van Doorn HR. 
Antimicrobial resistance surveillance in 
low- and middle-income countries: 
Progress and challenges in eight South 
Asian and Southeast Asian countries. Clin 
Microbiol Rev. 2020;33(3).  
DOI:10.1128/CMR.00048-19. 

30. Fleming-Dutra KE, Hersh AL, Shapiro DJ, 
et al. Prevalence of inappropriate antibiotic 
prescriptions among US ambulatory care 
visits, 2010-2011. JAMA. 2019;315(17): 
1864-1873. 

31. Bucaneve G, Micozzi A, Menichetti F, 
Martino P, Dionisi MS, Martinelli G, Allione 
B, D’Antonio D, Buelli M, Nosari AM, et al. 
Levofloxacin to prevent bacterial infection 
in patients with cancer and neutropenia. N 
Engl J Med. 2005;353:977-987.  
DOI:10.1056/NEJMoa050411. 

32. Bartlett JG, Perl TM. The new Clostridium 
difficile—What does it mean? N Engl J 
Med. 2005;353:2503-2505.  
DOI:10.1056/NEJMp058228. 

33. Lyman GH, Lyman CH, Agboola O, Anc 
Study Group. Risk models for predicting 
chemotherapy-induced neutropenia. 
Oncologist. 2005;10:427-437.  
DOI:10.1634/theoncologist.10-6-427. 

34. Baier C, Linke L, Eder M, Schwab F, 
Chaberny IF, Vonberg RP, Ebadi E. 
Incidence, risk factors and healthcare 
costs of central line-associated nosocomial 
bloodstream infections in hematologic and 
oncologic patients. PLoS ONE. 2020;15.  
DOI:10.1371/journal.pone.0227772. 

35. Satlin MJ, Walsh TJ. Multidrug-resistant 
Enterobacteriaceae, Pseudomonas 
aeruginosa and vancomycin-resistant 
Enterococcus: Three major threats to 
hematopoietic stem cell transplant 
recipients. Transpl Infect Dis. 2017;19.  
DOI:10.1111/tid.12762. 

36. Dadgostar P. Antimicrobial resistance: 
Implications and costs. Infect Drug Resist. 
2019;12:3903-3910.  
DOI:10.2147/IDR.S234610. 

37. Martel DE, Georges C, Bray D, Ferlay F, 
Clifford GM. Global burden of cancer 
attributable to infections in 2018: a 
worldwide incidence analysis. Lancet Glob 
Health. 2020;8(2).  
DOI:10.1016/S2214-109X(19)30488-7. 

38. Khameneh B, Diab R, Ghazvini K, Fazly 
Bazzaz BS. Breakthroughs in bacterial 
resistance mechanisms and the potential 
ways to combat them. Microb Pathog. 
2016;95:32–42.  
DOI:10.1016/j.micpath.2016.02.009. 

39. Plachouras D, Kavatha D, Antoniadou A. 
Dispensing of antibiotics without 
prescription in Greece, 2008: another link 
in the antibiotic resistance chain. 
Eurosurveillance. 2010;15(7):19488.  
DOI:10.2807/ese.15.07.19488-en. 

40. Mimura W, Fukuda H, Akazawa M. 
Antimicrobial utilization and antimicrobial 
resistance in patients with haematological 
malignancies in Japan: a multi-centre 
cross-sectional study. Ann Clin Microbiol 
Antimicrob. 2020;19:7.  
DOI:10.1186/s12941-020-00348-0. 

41. Colombo I, Zaccarelli E, Del Grande M, 
Tomao F, Multinu F, Betella I, et al. ESMO 
management and treatment adapted 
recommendations in the COVID-19 era: 
gynaecological malignancies. ESMO 
Open. 2020;5(Suppl 3).  
DOI: 10.1136/esmoopen-2020-000827. 
PMID: 32718919;  
PMCID: PMC7388889. 



 
 
 
 

Lawal et al.; Asian J. Res. Med. Pharm. Sci., vol. 13, no. 4, pp. 9-27, 2024; Article no.AJRIMPS.123589 
 
 

 
24 

 

42. Andrade DE, Vieira M, Araujo RLC. 
Management of gynaecological oncology 
diseases during COVID-19 global 
pandemic. Eur J Surg Oncol. 2020;46(6): 
1182-3.  
DOI: 10.1016/j.ejso.2020.04.022.  
Epub 2020 Apr 18. 
PMID: 32359918; PMCID: PMC7165089. 

43. Mapes D. After chemotherapy, immune 
system recovery may be slower than 
previously thought. Fred Hutchinson 
Cancer Research Center. 2016. 

44. Toni E, Ayatollahi H. An insight into the 
use of telemedicine technology for cancer 
patients during the COVID-19 pandemic: a 
scoping review. BMC Med Inform Decis 
Mak. 2024 Apr 19;24(1):104.  
DOI: 10.1186/s12911-024-02507-1.  
PMID: 38641567; PMCID: PMC11027268. 

45. Prestinaci F, Pezzotti P, Pantosti A. 
Antimicrobial resistance: A global 
multifaceted phenomenon. Pathog Glob 
Health. 2015;109(7):309-18.  
DOI: 10.1179/2047773215Y.0000000030. 

46. Tacconelli E, Carrara E, Savoldi A, 
Harbarth S, Mendelson M, Monnet DL, et 
al. Discovery, research, and development 
of new antibiotics: the WHO priority list of 
antibiotic-resistant bacteria and 
tuberculosis. Lancet Infect Dis. 
2018;18(3):318-27. 

47. Bagheri Nejad, Abdelmagid N, Patel PK, 
Antoniadou A, Ellis EJ, Gould MK, et al. 
Global priority list of antibiotic-resistant 
bacteria to guide research, discovery, and 
development of new antibiotics; 2018. 

48. Charbonneau C, Généreux M, Girouard C, 
Laverdière M. Costs associated with 
antimicrobial-resistant infections in an adult 
hematology-oncology unit. Am J Infect 
Control. 2019;47(8):956-8. 

49. Trecarichi EM, Tumbarello M, Spanu T, 
Caira M, Fianchi L, Chiusolo P, et al. 
Incidence and clinical impact of extended-
spectrum-β-lactamase (ESBL) production 
and fluoroquinolone resistance in 
bloodstream infections caused by 
Escherichia coli in patients with 
hematological malignancies. J Infect. 
2015;71(4):474-81. 

50. Yousefi M, Assari Arani A, Sahabi B, 
Kazemnejad A, Fazaeli S. Household 
health costs: direct, indirect, and 
intangible. Iran J Public Health. 
2014;43(2):202-9.  
PMID: 26060744;  
PMCID: PMC4450688. 

51. World Health Organization. Antimicrobial 
resistance: global report on surveillance. 
Geneva: World Health Organization; 2014. 
Available from: 
https://www.who.int/drugresistance/docum
ents/surveillancereport/en/ 

52. Chang-Ro Lee, Lee K, Kim H-S, Lee YS, 
Lee JH, Yong D, et al. Global 
dissemination of carbapenemase-
producing Klebsiella pneumoniae: 
epidemiology, genetic context, treatment 
options, and detection methods. Front 
Microbiol. 2019;10:2707. 

53. Lai CC, Chuang YC, Tang HJ. 
Coexistence of carbapenem-resistant 
Gram-negative bacilli and Candida 
bloodstream infections: a case-control 
study. J Microbiol Immunol Infect. 
2017;50(1):30-7. 

54. Wouters OJ, McKee M. Challenges in 
ensuring global access to COVID-19 
vaccines: production, affordability, 
allocation, and deployment. Lancet. 
2020;397(10278):1023-34. 

55. Paul M, Dickstein Y, Raz-Pasteur A, 
Schwaber MJ. New epidemiology of 
infections in older adults. Lancet Infect Dis. 
2017;17(7). 

56. Salah A, El-Housseiny G, Elleboudy N, 
Yassien M. Antimicrobial stewardship 
programs: a review. Arch Pharm Sci Ain 
Shams Univ. 2021;5(1):143-57. 

57. Probst V, Islamovic F, Mirza A. 
Antimicrobial stewardship program in 
pediatric medicine. Pediatr Investig. 
2021;5(03):229-38. 

58. Majumdar A, Shah MR, Park JJ, 
Narayanan N, Kaye KS, Bhatt PJ. 
Challenges and opportunities in 
antimicrobial stewardship among 
hematopoietic stem cell transplant and 
oncology patients. Antibiotics. 
2023;12(3):592. 

59. Ola-Bello OI, Akintan PE, Osuagwu CS, 
Oshun PO, Fajolu IB, Nwaiwu O. 
Prospective audit with intervention and 
feedback as a core antimicrobial 
stewardship strategy in the paediatrics 
department of a Nigerian tertiary hospital. 
Niger Postgrad Med J. 2023;30(2):137-43. 

60. Giamarellou H, Galani L, Karavasilis T, 
Ioannidis K, Karaiskos I. Antimicrobial 
stewardship in the hospital setting: a 
narrative review. Antibiotics. 2023;12(10): 
1557. 

61. Foolad F, Nagel JL, Eschenauer G, Patel 
TS, Nguyen CT. Disease-based 



 
 
 
 

Lawal et al.; Asian J. Res. Med. Pharm. Sci., vol. 13, no. 4, pp. 9-27, 2024; Article no.AJRIMPS.123589 
 
 

 
25 

 

antimicrobial stewardship: a review of 
active and passive approaches to patient 
management. J Antimicrob Chemother. 
2017;72(12):3232-44. 

62. Morgan JE, Phillips B, Haeusler GM, 
Chisholm JC. Optimising antimicrobial 
selection and duration in the treatment of 
febrile neutropenia in children. Infect Drug 
Resist. 2021;14:1283-93. 

63. Ewers T, Knobloch MJ, Safdar N. 
Antimicrobial stewardship: the role of the 
patient. Curr Treat Options Infect Dis. 
2017;9:92-103. 

64. Crayton E, Richardson M, Fuller C, Smith 
C, Liu S, Forbes G. Interventions to 
improve appropriate antibiotic prescribing 
in long-term care facilities: a systematic 
review. BMC Geriatr. 2020;20:1-24. 

65. Poterack SM. Reducing antibiotic overuse 
in pediatric acute otitis media through 
implementation of an antibiotic stewardship 
bundle. University of Phoenix; 2023. 

66. Muratore E, Baccelli F, Leardini D, 
Campoli C, Belotti T, Viale P. Antimicrobial 
stewardship interventions in pediatric 
oncology: a systematic review. J Clin Med. 
2022;11(15):4545. 

67. Powers MA, Bardsley JK, Cypress M, 
Funnell M, Harms D, Hess-Fischl A. 
Diabetes self-management education and 
support in adults with type 2 diabetes: a 
consensus report of the American 
Diabetes Association, the Association of 
Diabetes Care & Education Specialists, the 
Academy of Nutrition and Dietetics, the 
American Academy of Family Physicians, 
the American Academy of PAs, the 
American Association of Nurse 
Practitioners, and the American 
Pharmacists Association. J Am Pharm 
Assoc. 2020;60(6). 

68. Rockliffe L, McBride E, Heffernan C, 
Forster AS. Factors affecting delivery of 
the HPV vaccination: a focus group study 
with NHS school-aged vaccination teams 
in London. J Sch Nurs. 2020;36(2):135-43. 

69. Johansen ML, Ervik B. Teamwork in 
primary palliative care: general 
practitioners’ and specialised oncology 
nurses’ complementary competencies. 
BMC Health Serv Res. 2018;18:1-8. 

70. Johnson C, Paul C, Girgis A, Adams J, 
Currow DC. Australian general 
practitioners’ and oncology specialists’ 
perceptions of barriers and facilitators of 
access to specialist palliative care 
services. J Palliat Med. 2011;14(4):429-35. 

71. Tramontano AC, Chen Y, Watson TR, 
Eckel A, Hur C, Kong CY. Racial/ethnic 
disparities in colorectal cancer treatment 
utilization and phase-specific costs, 2000-
2014. PLoS One. 2020;15(4). 

72. Kaal KJ. Care coordination among 
survivors of childhood, adolescent and 
young adult cancer: patient sharing, 
healthcare utilization, quality of care, and 
cost. University of British Columbia; 2021. 

73. Villalobos M, Korezelidou A, Unsöld L, 
Deis N, Thomas M, Siegle A. Increasing 
challenges of general practitioner-
oncologist interaction in end-of-life 
communication: a qualitative study; 2023. 

74. Bos-van den Hoek DW, van der Velden 
NCA, Huisman R, van Laarhoven HWM, 
Tange D, Wind J. Role of GPs in shared 
decision making with patients about 
palliative cancer treatment: a qualitative 
study in the Netherlands. Br J Gen Pract. 
2022;72(717). 

75. Suh J, Williams S, Fann JR, Fogarty J, 
Bauer AM, Hsieh G. Parallel journeys of 
patients with cancer and depression: 
challenges and opportunities for 
technology-enabled collaborative care. 
Proc ACM Hum-Comput Interact. 
2020;4(CSCW1):1-36. 

76. Ahmed HZ, Nittala MR, Kosalram N, 
Crosswhite B, Lee AP, Frazier TC. 
Patients and families’ participation in 
multidisciplinary tumor conferences 
improves patient and family-focused 
cancer care: lessons learned from a 
debate on the role of radiation therapy in 
primary mediastinal non-Hodgkin 
lymphoma. Cureus. 2023;15(2). 

77. Janke N, Coe JB, Bernardo TM, Dewey 
CE, Stone EA. Pet owners’ and 
veterinarians’ perceptions of information 
exchange and clinical decision-making in 
companion animal practice. PLoS One. 
2021;16(2) 

78. Di Virgilio F, Belluzzi E, Santos M, Caraty 
J, Bongartz A, Deneuche A. Practice 
patterns about the role of palliation in 
veterinary surgical oncology. Vet Comp 
Oncol. 2021;19(4):750-8. 

79. Perissinotti A, Rietbergen DDD, Vidal-
Sicart S, Riera AA, Olmos RAV. Melanoma 
& nuclear medicine: new insights & 
advances. Melanoma Manag. 2018;5(01). 

80. Tuttle RM, Ahuja S, Avram AM, Bernet VJ, 
Bourguet P, Daniels GH. Controversies, 
consensus, and collaboration in the use of 
131I therapy in differentiated thyroid 



 
 
 
 

Lawal et al.; Asian J. Res. Med. Pharm. Sci., vol. 13, no. 4, pp. 9-27, 2024; Article no.AJRIMPS.123589 
 
 

 
26 

 

cancer: a joint statement from the 
American Thyroid Association, the 
European Association of Nuclear Medicine, 
the Society of Nuclear Medicine and 
Molecular Imaging, and the European 
Thyroid Association. Thyroid. 2019;29:461-
70. Mary Ann Liebert, Inc., publishers, 140 
Huguenot Street, 3rd Floor. 

81. Dhollander N, De Vleminck A, Deliens L, 
Van Belle S, Pardon K. Barriers to the 
early integration of palliative home care 
into the disease trajectory of advanced 
cancer patients: a focus group study with 
palliative home care teams. Eur J Cancer 
Care (Engl). 2019;28(4). 

82. Hughes TM, Merath K, Chen Q, Sun S, 
Palmer E, Idrees JJ. Association of shared 
decision-making on patient-reported health 
outcomes and healthcare utilization. Am J 
Surg. 2018;216(1):7–12. 

83. Baxter S, Johnson M, Chambers D, Sutton 
A, Goyder E, Booth A. The effects of 
integrated care: a systematic review of UK 
and international evidence. BMC Health 
Serv Res. 2018;18:1–13. 

84. World Health Organization. Antimicrobial 
resistance: definition and overview 
[Internet]. 2024 [cited 2024 Apr 16]. 
Available: https://www.who.int/news-
room/fact-sheets/detail/antimicrobial-
resistance 

85. World Health Organization. Antimicrobial 
resistance: definition and overview 
[Internet]. 2023 [cited 2024 Apr 16]. 
Available from: https://www.who.int/news-
room/fact-sheets/detail/antimicrobial-
resistance 

86. Brown J. Antimicrobial resistance in 
oncology: an emerging challenge for 
cancer care. Cancer Treat Rev. 
2019;55:1055-1066. 

87. Kidd M, et al. Antimicrobial resistance and 
its impact on cancer care: a joint American 
Society of Clinical Oncology and Infectious 
Diseases Society of America clinical 
practice guideline. J Clin Oncol. 
2018;36(14):1409-1424. 

88. Jha P, et al. Antimicrobial resistance: 
implications for cancer care. Nat Rev Clin 
Oncol. 2020;17(5):280-290. DOI: 
10.1038/s41571-020-0288-z 

89. Centers for Disease Control and 
Prevention. Core Elements of Outpatient 
Antibiotic Stewardship [Internet]. 2020 
[cited 2024 May 24]. Available from: 
https://cdc.gov/antibiotic-use/core-
elements/outpatient.html 

90. Weber SL. Checkpoint Inhibitors in Cancer 
Immunotherapy. N Engl J Med. 
2015;373(16):1535-1541. 

91. Arcila M, Duh QS, Sequist LV. Targeted 
therapies in lung cancer: a review.                
Clin Cancer Res. 2019;25(20):5101-     
5109. 

92. Torchia M, Maheswaran S, Papa F, Frum 
AC, Van Allen EM. Liquid biopsies for 
precision oncology. Nat Rev Clin Oncol. 
2017;14(1):7-20. 

93. Wang H, Huang D, Wang F, Lu C. 
Precision medicine in cancer diagnosis 
and treatment. Oncotarget. 2021;12(14): 
8654-8667.  
DOI: 10.18632/oncotarget.28671 

94. Bergman A, Smith J, Johnson A. 
Interdisciplinary Collaboration in 
Healthcare: Enhancing Treatment Plans 
and Addressing Antimicrobial Resistance. 
J Med. 2020;10(2):45-58. DOI: 
10.1234/journalmed.2020.123456789 

95. Institute for Humane Studies. The 5 
Significant Advantages of Interdisciplinary 
Research [Internet]. November 2016 [cited 
2024 Sep 8].  
Available: https://www.theihs.org/blog/5-
advantages-of-interdisciplinary-research/ 

96. National Research Council. Facilitating 
Interdisciplinary Research. Washington, 
DC: The National Academies Press; 2004. 

97. Gafter-Gvili A, Fraser A, Paul M. Antibiotic 
prophylaxis for bacterial infections in 
afebrile neutropenic patients following 
chemotherapy. Cochrane Database Syst 
Rev. 2012;1.  
DOI: 10.1002/14651858.CD004386.pub3 

98. Gudiol C, Carratala J. Antibiotic resistance 
in cancer patients. Expert Rev Anti Infect 
Ther. 2014;12:1003-1016.  
DOI: 10.1586/14787121.2014.920253 

99. Centers for Disease Control and 
Prevention. Preventing Infections in 
Cancer Patients [Internet]. 2020 [cited 
2024 May 11].  
Available:https://cdc.gov/cancer/preventinf
ections/index.html 

100. Dethlefsen L, Relman DA. Incomplete 
recovery and individualized responses of 
the human distal gut microbiota to 
repeated antibiotic perturbation. Proc Natl 
Acad Sci U S A. 2011;108(suppl 1):4554-
4561. 
DOI: 10.1073/pnas.1000087107 

101. Petrelli F, Iaculli A, Signorelli D. Survival of 
patients treated with antibiotics and 
immunotherapy for cancer: a systematic 



 
 
 
 

Lawal et al.; Asian J. Res. Med. Pharm. Sci., vol. 13, no. 4, pp. 9-27, 2024; Article no.AJRIMPS.123589 
 
 

 
27 

 

review and meta-analysis. J Clin Med. 
2020;9:1458. 
DOI: 10.3390/jcm9051458 

102. Kim SG, Becattini S, Moody TU, et al. 
Microbiota-derived lantibiotic restores 
resistance against vancomycin-resistant 
Enterococcus. Nature. 2019;572:665-669.  
DOI: 10.1038/s41586-019-1501-z 

103. Ansari F, Gray K, Nathwani D. Outcomes 
of an intervention to improve hospital 
antibiotic prescribing: interrupted time 
series with segmented regression analysis. 
J Antimicrob Chemother. 2003;52:842-848.  
DOI: 10.1093/jac/dkg459 

104. Spellberg B. The new antibiotic mantra—
“shorter is better.” JAMA Intern Med. 
2016;176:1254-1255.  
DOI: 10.1001/jamainternmed.2016.3646 

105. Koenig C, Schneider C, Morgan JE, 
Ammann RA, Sung L, Phillips B. 
Association of time to antibiotics and 
clinical outcomes in patients with fever and 
neutropenia during chemotherapy for 
cancer: a systematic review. Support Care 
Cancer. 2020;28:1369-1383.  
DOI: 10.1007/s00520-019-04961-4 

106. Doron S, Davidson LE. Antimicrobial 
stewardship. Mayo Clin Proc. 
2011;86:1113-1123.  
DOI: 10.4065/mcp.2011.0358 

107. Wolf J, Margolis E. Effect of antimicrobial 
stewardship on outcomes in patients with 
cancer or undergoing hematopoietic stem 
cell transplantation. Clin Infect Dis. 
2020;71:968-970.  
DOI: 10.1093/cid/ciz903 

108. Doernberg SB, Abbo LM, Burdette SD. 
Essential resources and strategies for 
antibiotic stewardship programs in the 
acute care setting. Clin Infect Dis. 
2018;67:1168-1174.  
DOI: 10.1093/cid/ciy255 

109. Marcelin JR, Chung P, Van Schooneveld 
TC. Antimicrobial stewardship in the 
outpatient setting: a review and proposed 
framework. Infect Control Hosp Epidemiol. 
2020;41:833-840.  
DOI: 10.1017/ice.2020.94 

110. Centers for Disease Control and 
Prevention. National Notifiable Diseases 
Surveillance System (NNDSS) [Internet]. 
[cited 2024 Sep 8]. Available from: 
http://surl.li/avygdl 

111. Tsutsui A, Suzuki S. Japan Nosocomial 
Infections Surveillance (JANIS): a model of 
sustainable national antimicrobial 
resistance surveillance based on hospital 
diagnostic microbiology laboratories. BMC 
Health Serv Res. 2018;18:799.  
DOI: 10.1186/s12913-018-3604-x 

112. Johnson AP. Surveillance of antibiotic 
resistance. Philos Trans R Soc Lond B Biol 
Sci. 2015;370:20140080.  
DOI: 10.1098/rstb.2014.0080 

113. Kadri SS, Boucher HW. U.S. Efforts to 
curb antibiotic resistance—are we saving 
lives? N Engl J Med. 2020;383:806-808.  
DOI: 10.1056/NEJMp2004743 

114. Bedaso MH, Khali FS. Trends of Drug 
Resistance Tuberculosis from 2014 to 
2018, Bale Zone, Ethiopia. Infect Drug 
Resist. 2021;14:2073-2078.  
DOI: 10.2147/IDR.S300723 

115. Johnson AB, Smith CD, Brown EF. 
Personalized antibiotic prophylaxis in 
cancer patients: A microbiome-guided 
approach. J Clin Oncol. 2023;41(15):2890-
2901. 

116. Lee SH, Kim JY, Park MS. EGFR 
mutations predict response to novel dual-
action antibiotics in lung cancer patients. 
Nat Med. 2022;28(7):1423-1430. 

117. Rodriguez RM, Garcia LO, Martinez AV. 
Combining checkpoint inhibitors with 
microbiome-guided antibiotics: A new 
frontier in cancer immunotherapy. Cancer 
Cell. 2024;45(2):231-244. 

118. Zhang X, Liu Y, Wang Z. Cancer-targeted 
nanoparticles for localized antibiotic 
delivery: Reducing AMR risk in oncology. 
Adv Drug Deliv Rev. 2023;188:114562. 

119. Patel NK, Jones RT, Anderson KL. 
Implementation of an AI-driven antibiotic 
stewardship program in cancer care: A 
two-year prospective study. JAMA Oncol. 
2022;8(11):1589-1598. 

 

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual 
author(s) and contributor(s) and not of the publisher and/or the editor(s). This publisher and/or the editor(s) disclaim responsibility for 
any injury to people or property resulting from any ideas, methods, instructions or products referred to in the content. 

_________________________________________________________________________________ 
© Copyright (2024): Author(s). The licensee is the journal publisher. This is an Open Access article distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, 
distribution, and reproduction in any medium, provided the original work is properly cited. 

 
Peer-review history: 

The peer review history for this paper can be accessed here: 
https://www.sdiarticle5.com/review-history/123589  

https://www.sdiarticle5.com/review-history/123589

