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ABSTRACT

Effective antibiotics are a cornerstone of treat-
ment for heavily immunocompromised patients
such as those undergoing cancer treatment or
transplantation procedures, as these patients
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are at particularly high risk of adverse outcomes
from infections. However, rising antimicro-
bial resistance (AMR) threatens to undermine
our ability to deliver modern treatments, and
without action, recent advances in clinical care
may be undone. In this narrative review, we
examine the broad burdens of AMR for patients
and healthcare systems, including excess moz-
tality, underlying disease outcomes, economic
costs and the damage to patients’ quality of life.
Despite the profound impact on individual well-
being, the patient voice and patient-reported
experience measures are largely absent from
current research. To protect the everyday ben-
efits of antibiotics, it is vital to educate all those
involved in patient care on how we can com-
bat AMR, including appropriate testing, use of
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effective antibiotics and infection control proce-
dures. Moreover, given the high investment in
novel anticancer treatments, good antimicrobial
stewardship has the potential to deliver overall
cost savings to healthcare systems while ensur-
ing that patients can safely access and benefit
from these therapies.

PLAIN LANGUAGE SUMMARY

Antibiotics are essential for people with serious
health conditions like cancer or those who have
received an organ transplant. These patients
have weakened immune systems and are more
likely to develop infections; however, antimicro-
bial resistance (AMR), where bacteria no longer
respond to antibiotics, is making these infec-
tions harder to treat. This review looked at the
impact of AMR in heavily immunocompromised
patients. It found that resistant infections are
common and can cause delays to cancer treat-
ment, longer hospital stays and a higher risk of
death. These infections can also reduce quality
of life and increase healthcare costs. The review
found that current efforts to manage AMR are
inconsistent. There is a need for faster diag-
nostic testing, better education for healthcare
providers and patients, and more consistent use
of infection control and antibiotic stewardship
programmes. These steps could help optimise
the treatment of resistant bacteria and improve
outcomes. As treatments like chemotherapy and
organ transplantation are very costly, prevent-
ing infections and early mortality through better
AMR management could also help reduce overall
healthcare spending. The review highlights the
importance of improving awareness, strengthen-
ing hospital systems and investing in new anti-
biotics so that patients continue to benefit from
modern medical treatments.

N. V. Sipsas
National and Kapodistrian University of Athens,
Athens, Greece

A. Soriano
Hospital Clinic de Barcelona, Barcelona, Spain

M. Tumbarello
University of Siena, Siena, Italy

Keywords: Antimicrobial resistance; Cancer;
Haematological; Immunocompromised;
Multidrug resistance; Transplant

Heavily immunocompromised patients, such
as those with solid cancers, haematologi-

cal malignancies and solid-organ transplant
recipients, face a heightened risk from anti-
microbial resistance (AMR), which signifi-
cantly complicates treatment, delays recov-
ery and increases the likelihood of adverse
outcomes.

The direct and indirect economic burdens
of AMR in these populations add substantial
strain to healthcare systems already man-
aging the high costs of underlying disease
treatment.

There are critical gaps in research and inter-
ventions, including inconsistent stewardship
approaches, limited use of rapid diagnostics
and a lack of targeted prophylaxis strate-
gies, which contribute to suboptimal patient
care and missed opportunities for earlier and
more effective intervention.

Tackling these challenges requires better
recognition of the burdens faced by patients
who suffer lasting impacts from AMR infec-
tions, as well as enhanced antimicrobial stew-
ardship and education for healthcare provid-
ers and patients to optimise care and combat
AMR effectively. Moreover, stronger invest-
ment is essential to revitalise the antibiotic
development pipeline, which remains fragile
as a result of limited commercial viability,
thereby supporting earlier access to appropri-
ate treatment and improving outcomes for
vulnerable patient groups.

INTRODUCTION

Antimicrobial resistance (AMR) is a grow-
ing threat to global health security. In 2021,
AMR was associated with 4.7 million deaths,
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with 1.1 million deaths directly attributable
to bacterial resistant infections [1]—six bacte-
rial pathogens were responsible for more than
80% of these deaths: Staphylococcus aureus, Aci-
netobacter baumannii, Escherichia coli, Klebsiella
pneumoniae, Streptococcus pneumoniae and Pseu-
domonas aeruginosa [1]. By 2050, deaths associ-
ated with AMR could reach 8.2 million per year
[1], with an associated loss of up to 3.8% of
global gross domestic product—equivalent to
6.1 trillion USD per year [2].

Bacteria are constantly evolving to counter-
act available antibiotics, including hydrolysis,
genetic mutation of binding sites and prevent-
ing accumulation of antibiotics within the
cell [3]. Despite the growing threat of AMR,
the development pipeline for new antibiot-
ics to overcome resistance remains challeng-
ing; of the 32 traditional antibiotics currently
under development against the World Health
Organization (WHO) bacterial priority patho-
gens, only two meet all four WHO innovation
criteria [4, 5].

Patients with cancer and transplant recipi-
ents are at particular risk from bacterial infec-
tions because of their immunocompromised sta-
tus, frequent hospitalisations, need to undergo
invasive procedures, prior use of broad-spectrum
antibiotics and the necessity for prophylactic
antibiotics [6-8]. Compared with the general
US population, patients with cancer are nearly
three times more likely to die from infection [9],
and in a UK survey of 100 oncologists, almost
half (46.0%) were concerned chemotherapy may
soon become unviable as a result of the rise of
AMR [10]. In the case of solid-organ transplant
(SOT), the challenge of managing AMR infec-
tions can act as a relative contraindication in
certain patients, depending on their other
comorbidities, because of the high burden of
infectious complications [7, 11].

The aim of this narrative review is to explore
recent publications about the burdens faced
by heavily immunocompromised patients and
healthcare systems from bacterial AMR, particu-
larly underexplored issues around treatment
delays and patient experience, and issue a call to
action for us as an infectious disease community
to do more to recognise and improve outcomes
from infectious complications.

METHODS

We conducted a keyword search using PubMed
for publications from a 5-year period (November
2018-2023) reporting burdens from AMR bac-
terial infections, including mortality, underly-
ing disease outcome (e.g. treatment delays) and
patient quality of life, from English language pub-
lications from Europe and North America. The
regional focus was chosen to improve consistency
in testing and reporting methodologies in identi-
fied publications. Our search focused on bacterial
infections (excluding fungi and viral infections)
to manage the scale of our review; moreover, the
unique challenges in treating fungal infections
due the similarities between eukaryotic and fun-
gal cells were beyond our scope [12]. Search terms
and selection criteria are available in the Supple-
mentary Material.

Ethical Approval

This article is based on previously conducted stud-
ies and does not contain any new studies with
human participants or animals performed by any
of the authors. No new data were generated.

RESULTS

Results of the search (Fig. 1) were considered at
a virtual steering committee meeting. Additional
publications that were considered relevant were
included on the basis of the experience of the
authors. Most studies identified in the literature
reported retrospective cohort data (n=113), with
the next most common being prospective cohorts
(n=35). Given the potential for reporting bias in
observational studies, the findings reported herein
should be interpreted in this context. Moreover,
the patterns of AMR detected also depend on
the local epidemiology as well as the extent and
methods of testing employed.

Epidemiology of AMR and Its Mortality

The frequency of AMR in cancer and transplant
patients with bacterial infections is approxi-
mately 10-30% globally [13-21]; this rate is
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Publications on AMR
N=410,088

Excluded:
- 304,186 reports from pre-12/11/2018
1,517 non-English language

!

Identified studies of bacterial AMR
within the selected date range
12/11/2018-11/11/2023

62,658 non-human studies
14,869 irrelevant study types, or genome studies
2,971 reports of fungal, parasite, archaea or viral infections only

N=23,887

!

Publications reporting AMR
burdens in oncology

Publications reporting AMR
burdens in haematological

Publications reporting AMR
burdens in solid organ

Excluded:

- 21,089 publications not in oncology,
oncohaematology or solid organ transplant
1,192 not reporting on a relevant patient
burden keyword

_ malignancy transplant
=601 N=348 N=457
[
!

Publications reporting AMR
burdensin oncology in
Europe and North America
N=387

Publications reporting AMR
burdens in haematological
malignancy in Europe and
North America
N=200

Publications reporting AMR
burdens in solid organ
transplant in Europe and
North America
N=295

Excluded:
724 publications not including data on Europe
or North America

Excluded:
720 publications did not meet eligibility

criteria for our search

I

| 882 publications screened for eligibility |
T

Added:
- 34 publications of interest identified from
report reference lists

v

| 214 publications explored in this review |

12 publications of interest added from post
11/12/2023 data cut-off (up to October 2024)
6 reports of interest from governmental or
public health bodies

Fig.1 Literature identification: flow chart of results identified and screened. AMR antimicrobial resistance

consistent with previous estimates for these
immunocompromised populations, who have
frequent contact with the healthcare system
[8, 22-29]. The reported frequency of AMR
varies widely by disease and geography, with
resistance patterns closely correlated with prior
type and duration of antibiotic prophylaxis
[22, 30-33]. Of particular concern, some cen-
tres have reported zero susceptibility to com-
mon B-lactams and fluoroquinolones used as
prophylaxis, highlighting the increasing threat
of AMR for these patient populations [34, 35].

Concerningly, most of the studies identi-
fied reported multidrug resistance—a subset of
AMR where bacteria are resistant to at least one
agent in three or more antibiotic classes—with
detected frequencies ranging from less than 1%
to as high as 73.8% of bacterial samples tested
(Table 1) [13-21, 31, 34-143]. Of note, while
not explicitly explored as part of our search,
resistant bacterial infection can often co-occur
with invasive fungal infection, which can com-
plicate management and worsen outcomes [33,
77, 144, 145].

The impact of AMR on mortality was simi-
larly varied by population and disease type, with
30-day mortality ranging from 3.0% to 64.6%
(13, 15, 17, 30, 31, 34-38, 41, 42, 45-50, 53,
55, 57, 60, 63, 64, 68, 69, 81, 84, 90, 93, 94,
97,98, 102, 104, 107, 109, 111, 121, 126-129,
136, 145-154] and from 8.7% to 75.0% for time-
points beyond 1 year [13, 43, 48, 49, 102, 105,
126, 127, 147, 150, 153, 154]. Differences in
AMR frequency and associated mortality across
populations may reflect variations in underly-
ing disease types, treatment intensity, patient
comorbidities and the ability to tolerate or
access specific antimicrobial regimens [44, 84,
105, 155-157].

Inappropriate empiric antibiotic therapy
(IEAT)—antibiotic treatment that is ineffective
against the infecting pathogen—is a key factor
contributing to AMR-associated mortality and is
one of the few modifiable risk factors [18, 20, 25,
30, 60, 63, 84, 89, 114, 148, 158]. Reported rates
of IEAT at 16.8-68.6% highlight the growing
threat of AMR in immunocompromised patients
[18-20, 30, 40, 52, 60, 62, 84, 86, 89, 90, 99, 114,
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Table 1 Summary of findings for each discase area explored

Solid cancer

Haematological malignancy

Solid-organ transplant

Frequency of AMR  0.6-71.7% [44, 101]

29.5-43.0% [36, 64]
Highest frequency of AMR
reported in CCA (71.7%)

30-day mortality

Comments

Lowest in pre-surgery patients

with gynaecological cancer

(0.6%) [44]

1.7-52.3% [16, 126]
6.1-50.0% [45, 128]
Highest frequency of AMR

reported in paediatric HSCT
[101] recipients (52.3%) [126]

the lowest overall mortality
rate (0-8.7%) [75, 126]

0-73.8% [93, 132]

3.9-50% [104, 151]

Highest frequency of AMR
reported in intestinal and liver

transplant recipients

However, paediatric patients had Multidrug-resistant cultures were

reported in 3.4-14.0% [39, 70]
of donors

Mortality with AMR was gener-
ally lowest for kidney transplant
recipients (8.6-22.0% [80,
154]); whereas mortality was
typically highest in liver trans-
plant recipients [104], especially
those who developed CRE
infection [27, 136]

AMR antimicrobial resistance, CCA cholangiocarcinoma, CRE carbapenem-resistant Enterobacteriaceae, HSCT haemat-

opoietic stem cell transplant

124, 133, 134, 148, 159]. In line with this find-
ing, consistently poor outcomes were reported
with carbapenem-resistant bacteria, likely due
to the limited management options available for
these pathogens [17, 18, 32, 35, 36, 43, 47-49,
53, 69, 81, 85, 91, 97, 98, 105, 110, 124, 145,
150, 152, 153, 160, 161].

Solid Tumours

The prevalence of AMR in patients with solid
cancers was lowest for pre-surgery patients with
gynaecological cancer: 0.6% had methicillin-
resistant S. aureus (MRSA) [44]. The highest
frequency of infections due to resistant bacte-
rial pathogens in studies of solid tumours was
reported in cholangiocarcinoma (CCA). One
study found that 71.7% of patients undergo-
ing resection of extrahepatic CCA had resistant
bacterial infections, accounting for 84.5% of all
microbiologic growth from common hepatic
duct samples [101]. Two other studies of CCA
reported postoperative AMR frequencies of

31.2% and 32.0% [107, 111], while AMR infec-
tions were identified in 29.2% of bile samples
from patients with ductal adenocarcinoma after
pancreatoduodenectomy [105]. The frequency
of AMR, particularly in Gram-negative bacteria
(GNB), is on the rise [134]. Despite this, there
is a lack of involvement of infectious disease
specialists—a Spanish study of pneumonia in
patients with cancer reported that only 26.0%
of cases were evaluated by an infectious disease
specialist [155].

Infection remains a leading cause of death for
patients with solid tumours [8], with worse over-
all survival reported for AMR versus no AMR.
Notably, for patients with solid tumours this
mortality deficit was present for both patients
with active infection [101, 105] as well as those
colonised with AMR bacteria, possibly as a
result of their risk of developing a later infec-
tion with the same resistant pathogen [84, 94,
107, 111]. Median overall survival in AMR-col-
onised patients was just 6.0-17.0 months com-
pared with 23.9-50.0 months for non-colonised
patients with cancer [84, 94, 111]. Mortality
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estimates for patients with AMR vary widely. A
90-day mortality rate of 8.3% was observed in
those with perioperative biliary cultures posi-
tive for multidrug-resistant organisms, com-
pared with 0% in those with negative cultures,
following surgery for perihilar CCA [107]. In
another study, patients colonised with AMR
who underwent surgical resection for CCA had a
mortality rate of 55.6% compared with 17.4% in
those without AMR. Of those with AMR, 30.0%
of deaths were attributed to infection-related
causes—an equal proportion to those attributed
to cancer-related causes [111].

It has previously been suggested that the
contribution of infections to cancer deaths may
be underreported on death certificates [8], and
this may be due to the difficulty in determining
the cause of death in patients who have several
comorbidities. Although patients’ performance
status and disease severity are key predictors of
mortality [84, 155], a Spanish study highlighted
that only 41.0% of patients with cancer who
died within 30 days of pneumonia diagnosis at
their centre were terminally ill [155]. Moreover,
infection is a common reason for patients with
cancer to be admitted to hospital, highlighting
the key role of infections in the trajectory of
negative outcomes [156, 157].

Importantly, the impact of AMR extends
beyond infection-related mortality—two studies
reported up to 30.0% of patients with infections
experienced delays or non-compliance with
adjuvant chemo-, radio- or immunotherapy [44,
105], and nosocomial infection was associated
with greater tumour volume in a single study
of brain cancer [162]; however, there are insuf-
ficient data to confirm the ultimate impact of
treatment delays due to infections on long-term
disease control and cancer survivorship.

Haematological Malignancies

Studies of haematological malignancies reported
AMR positivity in 1.7-52.3% of cases, often in
the context of bloodstream infections (BSIs)
[13, 15, 16, 18, 19, 31, 35, 37, 38, 41, 43, 45,
46, 50, 52, 55, 58, 60, 63, 73, 74, 79, 87-92, 95,
97,98, 103, 112, 114, 119, 120, 122, 125, 128,
130, 138-140, 163, 164]. Resistant infections

were most commonly reported in southern/
eastern Europe (Czechia, Greece, Italy, Poland
and Spain): 7.5-52.3% [16, 31, 35, 50, 52, 55, 60,
63,75, 77,88-90, 92, 95,97, 98, 103, 112, 114,
120, 125, 126, 128, 130, 138] compared with
2.9-19.2% in northwestern Europe (Germany,
Finland, France and the UK) [41, 46, 74, 87, 91,
119, 139].

Expectedly, survival is very poor in these
patients, with a 30-day mortality of 6.1-50.0%,
rising to as high as 74.0% at 1 year [13, 15, 30,
31, 35, 46, 60, 63, 90, 98, 128, 129, 142, 152],
and AMR bacteria are associated with higher
rates of septic shock and infection-related moz-
tality than in non-AMR BSIs [98]. Those patients
who develop AMR BSIs, particularly from GNB,
were shown to have a 2-5-fold elevated risk of
death versus patients with non-AMR BSIs [13,
31, 43, 77, 89]. Alarmingly, the rates of AMR-
GNB reported in onco-haematological BSIs
appear to be rising with time [15, 60, 90].

As might be expected, mortality rates were
more favourable for AMR infection in paediat-
ric cancer cases, ranging between 0 and 8.7%,
with complications often occurring within the
context of graft-versus-host disease (GvHD) [50,
55, 126, 160]. While infections and infection-
related mortality in haematological malignancy
are commonly associated with GvHD [35, 37,
50, 55, 58, 92, 126, 160], especially in patients
with high antibiotic exposure [92, 165], whether
AMR directly influences the incidence of GvHD
is unclear [13, 38, 92, 122]; however, at least in
paediatric patients, it has been suggested that
different types of antibiotic prophylaxis may
exacerbate or be protective against GvHD, with
gentamicin contributing to decreased rates of
acute GvHD, while ciprofloxacin and colistin
may increase GvHD risk after allogeneic HSCT
[92, 165]. Whether AMR is correlated or causa-
tive in this context is unclear; however, the pres-
ence of AMR nonetheless complicates infection
management.

Patients with haematological malignancies
also suffer high rates of catheter/port removal
for infection source control, which has been
reported to occur prior to the completion of
chemotherapy in up to 31.0% of cases [75],
leading to treatment non-compliance and ham-
pering control of underlying disease [97]. While
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there may be a relationship between complete
remission and favourable infection resolution
[98, 166], there are insufficient data available to
confirm this.

SOT Recipients

The frequency of AMR was highly variable in
SOT recipients. AMR was reported post trans-
plantation at rates up to 73.8% [21, 34, 49,
56, 61, 62, 66, 71, 72, 76, 82, 86, 93, 96, 104,
110, 117, 118, 121, 124, 136, 137], with similar
occurrence across liver (9.3-60.0%) [17, 47, 48,
54, 57, 65, 68, 85, 102, 106], kidney (6.2-63.0%)
[59, 69, 80, 108, 115, 127, 131] and lung trans-
plantation (0-60.7%) [14, 51, 109, 132, 135];
30-day mortality for transplant recipients ranged
from 4.0% to 50.0% [34, 68, 93, 104, 109, 121,
146, 148, 151], rising to 13.0-64.0% up to and
beyond 1 year, with the highest mortality rates
in those developing carbapenem-resistant Enter-
obacterales (CRE) infection [17, 48, 49, 66, 102,
147, 150, 153].

While most studies reported statistically worse
mortality with AMR bacteria [47-49, 54, 57, 85,
102, 109, 110, 146, 147, 151, 153, 154, 160],
others reported no difference [65, 66, 80, 93, 96,
104, 121], perhaps owing to improvements in
modern screening practices, although the worst
outcomes typically presented in those with
multidrug-resistant infection [66, 80, 104]. Two
meta-analyses using available data have reported
a greater than twofold risk of death within 1 year
for SOT recipients with AMR colonisation versus
non-colonised patients [153], increasing to four-
fold for SOT recipients with infections caused by
carbapenem-resistant GNB [160].

In line with previous reports [27, 167], liver
transplant was consistently associated with high
mortality from AMR (13.0-58.0%) [17, 47, 48,
54, 57, 65, 68, 85, 102, 146, 168], while mor-
tality in kidney recipients was generally more
moderate (8.6-22.0%) [69, 80, 154]. Reported
raw mortality in lung transplant was also high
(16.0-50.0%), although this was often compli-
cated by the presence of other comorbidities
such as cystic fibrosis [109, 147, 151].

The development of infectious complications
was also more often associated with delayed or

loss of graft function [110, 115, 131, 137, 154,
169, 170], with rates up to 35.0% for infections
involving extended-spectrum f-lactamase-
producing (ESBL) GNB [154] or CRE [110],
although this did not appear to be the case for
AMR colonisation only [59, 100, 153].

An important source of infection in SOT is
the donor organ. AMR cultures were reported in
3.4-14.0% of donors [39, 53, 70, 100, 136], and
this can lead to donor-derived infection (DDI)
with the same pathogen in recipients [27, 53,
100, 109, 136], although it has been suggested
that, at least for the liver, transplantation from a
live donor may reduce the risk of CRE transmis-
sion [110].

While appropriate screening appears to have
had a positive impact on transmission rates [39,
53], lack of knowledge of the donor’s micro-
biological status increases the risk of infection
[70] and the presence of resistant pathogens in
donors can go undetected as a result of them
being asymptomatic carriers [169].

There is a need to optimise protocols in order
to maximise the number of organs available
[136]; however, clinicians are understandably
cautious about the risks of DDI, and colonisa-
tion with AMR-GNB leads to lower organ utilisa-
tion [70]. While AMR colonisation does not nec-
essarily lead to graft loss or mortality [100], the
use of such organs remains controversial [70].

DISCUSSION

Consequences for Patients

The wide variability in reported AMR rates across
studies reflects differences in patient popula-
tions, study designs, and local epidemiology and
microbiological practices, which limits the com-
parability of findings and underscores the need
for more consistent, standardised approaches
to testing and reporting. As noted in a recent
review, the limited data on optimal use and
interpretation of diagnostic tools in SOT recipi-
ents further constrains the ability to assess clini-
cal associations in this population [28].
Notably, several case reports highlighted
the significant burdens arising from AMR
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for heavily immunocompromised patients,
including social isolation, invasive surgical
revisions and, in extreme cases, amputation,
which all degrade a patient’s long-term qual-
ity of life [166, 171, 172]. Despite the large
body of evidence reporting on the clinical out-
comes of AMR in oncology and transplant, we
found no controlled studies exploring patient-
reported experience measures, and a lack of
data on real-world outcomes of antibiotic
stewardship programmes. This highlights a
significant limitation and the need for future
studies to collect and report these data as a
priority to understand patients’ perspectives
in more detail.

Several case studies highlighted the signifi-
cant impacts of invasive AMR infection man-
agement procedures, including surgical revi-
sions [131] or debridement, which can require
skin grafting post intervention [166, 171, 172].
Two case reports of patients with leukaemia
also highlighted the extreme case of ampu-
tation—a significant lasting impact of their
infection with AMR P. aeruginosa—despite
both patients otherwise successfully achiev-
ing a complete response for their underlying
cancer [172].

Central venous catheter (CVC) infections
are also a significant concern in oncology
patients, often necessitating catheter removal
[75]. This can complicate the administra-
tion of treatments like chemotherapy, which
may then require peripheral intravenous (IV)
access [75, 173]. As peripheral IV administra-
tion is associated with risks such as phlebitis
and eventual obliteration of peripheral veins,
potentially leading to long-term vascular dam-
age, CVC infections can lead to delays or non-
compliance with treatment regimens, reducing
the quality of care for patients [75].

There is a need for future initiatives to
improve communication and health literacy
around the risks of AMR to patients; indeed,
one study in paediatric kidney transplant
recipients highlighted the potential for patient
education to help minimise the frequency of
infections where patients are required to self-
catheterise [59].

Psychological and Social Impacts of AMR

Beyond clinical consequences, AMR can have
lasting psychological and social effects, includ-
ing long periods of isolation, anxiety and disrup-
tion to family life. Patients who develop resist-
ant infections are also often admitted to the
hospital intensive care unit (ICU), which brings
additional burdens such as invasive mechani-
cal ventilation [166, 171, 172, 174-176]. Dur-
ing their recovery, a prolonged period of social
isolation is often required to prevent the wider
spread of the pathogen as well as protect them
from further infection—this places a significant
burden on patients who must go through sub-
stantial periods of time without contact with
relatives and close social connections [166, 172,
177].

Patients may also experience the burden of
social isolation outside of the ICU. In a survey of
patients with leukaemia, many reported avoid-
ing social contact because of the fear of catching
a potentially life-threatening infection, which
negatively impacted their quality of life [178].
While this suggests patients are aware of eve-
ryday dangers of infection, it is unclear how
aware immunocompromised patients are of the
specific dangers of AMR, which is especially rel-
evant to them given their frequent hospital con-
tact and antibiotic use.

Clinical Management Practices

Against the background of AMR, many stand-
ard prophylactic regimens could be considered
inadequate, particularly in oncology [38, 122,
179]. It is important for antibiotic treatment to
be tailored to the local epidemiology [24], and
in the case of SOT, risk assessment tools such as
INCREMENT may also support clinicians in their
initial choice of empiric antibiotic therapy [17,
21, 148]. Importantly, even patients scored at
low risk of infection may benefit from targeted
therapy in areas with high prevalence of certain
types of resistance [180], for example, European
countries where the frequency of carbapenem
resistance is higher than the regional average,
such as Greece, Italy, Spain, Poland, Portugal
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and Turkey [28, 181]. Although CRE carriage is
strongly associated with infection risk, its pre-
dictive value can be further refined using clinical
risk prediction models, such as the CRECOOLT
score developed for liver transplant recipients, to
better stratify patients and optimise preventive
and therapeutic strategies [17].

While the optimal course of management is
not necessarily always clear because of a lack
of high-quality evidence [24, 182-184], knowl-
edge of the microbiological status of patients
and organ donors is consistently linked with
favourable outcomes [39, 53, 81, 185]. Despite
this, screening and reporting practices are not
standardised [27, 28]; however, the emergence
of rapid diagnostic tests for AMR provides an
opportunity to ensure clinicians have access to
timely microbiology results [179, 186, 187]. Not
all hospitals have access to 24-h microbiology
labs or rapid antimicrobial susceptibility testing,
and achieving equity of facilities access will be a
key step in improving AMR screening [42].

A key part of maintaining the effectiveness of
existing antibiotics is appropriate stewardship,
including avoiding their use for probable viral
infections to prevent unnecessary contributions
to AMR [188]. Prolonged use of antibiotics exac-
erbates AMR trends [189]. Although controver-
sial in febrile neutropenia [190], short-duration,
broad-spectrum antibiotic therapy with prompt
de-escalation of duration of therapy has been
shown non-inferior to alternative protocols [25,
30, 140]. Such interventions are relatively simple
to implement and can reduce the selective pres-
sures that drive and maintain AMR.

Direct and Indirect Costs of AMR

Development of an AMR infection adds signifi-
cantly to healthcare costs, primarily as a result
of extended durations of hospital stay and
ICU/ventilator utilisation [22, 160]. The pres-
ence of an AMR infection can extend hospital
stay by up to 30 days longer versus no AMR
[14, 22, 37, 44, 47, 48, 53, 54, 56, 57, 65, 68,
69, 80, 84, 86, 93, 97, 104, 109, 121, 124, 129,
142, 146, 147, 156, 159, 162, 191], increas-
ing the cost of management similar to other
infections such as Clostridioides difficile, which

can add over 50,000 USD to direct healthcare
costs [22]. These costs may be even higher for
hospital-onset AMR P. aeruginosa, up to 208,836
USD [192].

Other contributors to direct costs include
the potential for surgical revisions [62, 101,
116, 131, 156, 171] and catheter/central line
replacement [42, 60, 90, 98, 99, 149, 171, 193].
Central line-associated bloodstream infection
(CLABSI) has been reported to incur direct costs
of approximately 8§10 EUR [191].

The requirement for targeted antibiotics also
adds to the cost of managing resistant infec-
tions. The direct cost of targeted empiric ther-
apy against vancomycin-resistant enterococci
(VRE) was estimated at 1604-27,000 USD [22,
194], and 8542-31,811 USD for therapy against
carbapenem-resistant P. aeruginosa, both versus
susceptible strains in high-risk oncology and
transplant patients in US hospitals [160]. These
figures are similar to the 31,338 USD cost per BSI
due to MRSA in the general US hospital popula-
tion [195].

In contrast, the costs of managing an immu-
nocompromised patient’s underlying disease
can vastly outstrip the costs of infection man-
agement. Cancer treatment in the USA can
total a cumulative cost of 77,339-225,270 USD
per patient over 23 months post diagnosis for
colorectal, lung and female breast cancer [196],
while costs associated with haematological
malignancy range from 458,490 USD to as high
as 731,682 USD for chimeric antigen receptor
T cell (CAR T) therapy [197], and can reach a
total of approximately 1,071,700 USD in the
case of allogeneic HSCT [198]. Similar ranges are
seen in SOT, with costs ranging from 408,800
USD (pancreas) to 1,664,800 USD (heart) [198].

The wide disparity in costs between infection
management versus the price of treatment for
underlying diseases means that greater invest-
ment in infection control and management with
testing and targeted therapies has the potential
to deliver cost savings to the healthcare system.
Moreover, implementation of appropriate anti-
microbial stewardship programmes was shown
to deliver overall cost savings of 732 USD per
patient in a recent meta-analysis [199]. There is
a need for a cost model in immunocompromised
patients to comprehensively evaluate the direct
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impact of appropriate versus inappropriate man-
agement of infections.

Indirect costs are less well understood, as
there are limited data on the broader impacts
AMR infections have on the lives of patients
such as their ability to work. In addition, AMR
infections can result in treatment delays for the
underlying condition, leading to worse out-
comes, including higher mortality rates [200].
The World Bank has estimated that in the gen-
eral population indirect costs could rise in line
with the growing presence of AMR, potentially
reaching up to 3.8% of global gross domestic
product by 2050, equivalent to 6.1 trillion USD,
as a result of the indirect loss of economic out-
put [2].

There is also an indirect cost of infections
on hospital efficiency due to impacts on logis-
tics. While data on this topic are limited, many
clinicians will be acutely aware of how, from
their recent personal experience of the COVID
pandemic, infection management can impact
broader hospital resource efficiency [201, 202].

There is an unmet need for comprehensive
cost-effectiveness analyses within the context of
vulnerable patient populations who are at high
risk of infection-related morbidity and mortality
to provide a complete picture for policy makers.
Future cost-analyses may consider exploring the
tfar-reaching impacts of AMR infection on the
cost-effectiveness of underlying disease man-
agement as well as societal participation. This
may also support implementation of incentive
mechanisms to increase investment in the devel-
opment of new antibiotic agents [4, 5, 203].

CONCLUSION

AMR is a growing societal problem, placing addi-
tional stresses on healthcare resources as well as
significant burdens on patients, including treat-
ment delays, invasive management and social
isolation, as well as potential long-term reduc-
tions in quality of life. In the case of cancer and
transplant, the high cost of underlying disease
treatment means that effective management
of infections has the potential to deliver cost

savings for healthcare systems while improving
patient outcomes and quality of life.

To address these challenges, there is a need for
greater education of clinicians working in and
across oncology and transplant, including physi-
cians, nurses and pharmacists, to support the use
of appropriate antibiotics tailored to the patient
and local microbiology. This includes promoting
the use of rapid diagnostic tools to enable timely
identification of pathogens and resistance pat-
terns, as well as implementing screening proto-
cols to detect and stratify patients at high risk.
Education on the need for effective stewardship
programmes is equally important to limit the
rise of AMR and maintain the effectiveness of
our current antibiotic therapies.

Patients should be assessed and reassessed for
AMR pathogens, even if known to the admitting
centre, to appropriately fine-tune the type and
duration of antibiotic treatment. These patients
must also be supported by initiatives to ensure
equity of access not just to novel antibiotics but
also hospital screening and laboratory facilities.
Efforts to improve AMR outcomes must reflect
the lived experience and priorities of immu-
nocompromised patients, for whom delays,
inadequate treatment options or poor access
can have life-altering consequences. Integrat-
ing the patient voice into AMR policy, stew-
ardship design and care planning is essential
to ensure that solutions are grounded in what
matters most to patients, such as timely, effec-
tive and accessible treatment. Education is also
imperative for patients at high risk of resistant
infections to empower them to promptly report
symptoms to their healthcare providers and
enhance their self-care capabilities. This edu-
cation should extend to hospital measures to
improve infection control and maintain good
antimicrobial and testing stewardship.

Finally, there is a pressing need to strengthen
the antibiotic development pipeline, which
remains fragile and underfunded, posing a
risk to future health security and the progress
of modern medicine [4, 5]. Appropriate finan-
cial incentives should be put in place to ensure
the antibiotics of the future are available when
needed. Addressing this challenge requires
not only innovation and investment in anti-
biotic research and development but also the
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implementation of effective stewardship pro-
grammes to ensure antibiotics are used appro-
priately and efficiently. A coordinated approach
is essential to protect future health security and
preserve the benefits of effective antibiotic treat-
ments for patients with cancer and transplant,
who are among the most vulnerable and who
depend on these therapies to safely receive life-
saving care.

CALL TO ACTION: SAFEGUARDING
CANCER AND TRANSPLANT CARE
FROM AMR

There is increasing recognition of the need for
coordinated strategies to address AMR in can-
cer and transplant care. Structural factors, such
as racism and socioeconomic inequalities, con-
tribute to disparities in AMR infection rates,
antimicrobial prescribing patterns and access to
preventive interventions, particularly in minor-
ity populations [204]. Transportation inequities,
limited internet access and restrictions on who
can prescribe treatments contribute to disparities

RECOGNISE
AMR as a barrier to safe
and equitable cancer and
transplant care in national
plans and policies

AMR surveillance that
includes cancer-specific
and transplant-specific
data on infections and

in access to essential therapeutics, highlighting
the need to remove structural barriers to care for
high-risk populations [205]. As a result of this
review, Cancer Patients Europe is working on
a white paper that will be calling for stronger
action to protect vulnerable patients through
improved surveillance, better access to treat-
ment and stronger policy commitments (Can-
cer Patients Furope, written communication, 4
July 2025).

We propose that the following actions should
be prioritised (Fig. 2):

e Recognise AMR as a barrier to safe and
equitable cancer and transplant care, and
incorporate it into national cancer plans,
transplant guidelines and critical medicines
policies.

e Embed AMR surveillance systems that collect
cancer-specific and transplant-specific data,
including information on treatment delays,
infection outcomes and mortality.

e Boost the development of new antibiotics
and establish access mechanisms to ensure
that these treatments are available to high-
risk patients in all healthcare settings.

2

BOOST
development and access
to new antibiotics for
high-risk patients across
healthcare settings

treatment delays

m

99) :

INVEST
in rapid diagnostics and
stewardship programmes
to improve outcomes and
prevent misuse of
antibiotics

ENSURE
equitable access to
antibiotics and infection-
related healthcare for
vulnerable patient groups

INVOLVE
patients in AMR policy,
research and care
decisions to reflect their
needs and experiences

FOSTER
collaboration between
infectious disease experts,
oncologists, transplant
teams and patient
organisations

Fig. 2 Priority actions to address AMR in cancer and transplant care. AMR antimicrobial resistance
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e Ensure equitable access to antibiotics and
infection-related healthcare services by
implementing targeted access strategies tai-
lored to high-risk patient groups.

e Invest in rapid diagnostic testing and anti-
microbial stewardship programmes within
oncology and transplant services to improve
patient outcomes and reduce unnecessary
antibiotic use.

e Involve patients in AMR policymaking,
research and healthcare planning to ensure
their experiences and needs inform decision-
making and care delivery.

e Foster stronger collaborations between infec-
tious disease specialists, oncologists, trans-
plant clinicians and patient organisations to
coordinate care pathways and drive sustained
action on AMR.

These actions are essential to protect the
safety and wellbeing of patients with cancer and
transplant and to maintain access to effective,
life-saving treatments.
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