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Antimicrobial resistance (AMR) increases toxic death in people
receiving cytotoxic chemotherapy. When infection occurs during
periods of neutropenia, immediate treatment with empiric and
effective antibiotics should be initiated within one hour of fever
onset. Selection of antibiotic therapy can be tailored once the
infecting organism is identified, and its antibiotic sensitivities
determined. Resistant organisms are common, and patterns of
resistance change over time, so an integrated information system
is needed to generate real-time, patient-specific antibiograms
and convert them to actionable guidance for a clinician. Such
integration is now feasible thanks to free and open-source
software like Resonance Patient Center and the AMR (R) package.

Background

rates are negligible in the absence of relapsed or progressive

Antimicrobial resistance in people with cancer increases toxic cancer. By contrast, treatment-related mortality (TRM), which
death and relapse

refers to death due to toxicities of anticancer therapy, can affect

Antimicrobial resistance (AMR) occurs more frequently in people patients at any time during their therapy (13).
receiving anticancer therapies and impacts outcomes in all
countries by increasing rates of treatment-related mortality and Bacterial infections are the most common cause of treatmentinterfering with anticancer therapy delivery and reducing disease related mortality
control (1-12). Toxic death during cancer therapy is comprised The most common cause of TRM is infection, which is
of disease-related toxic death and treatment-related mortality. associated with the depth and duration of neutropenia caused
Disease-related toxic death refers to complications of the cancer by cytotoxic chemotherapy agents or other myelosuppressive
itself, which occur at the time of diagnosis when the tumour burden treatments. Of all resistant infectious agents, most worrisome
is high and cancer masses may impinge on critical organs or cause are resistant bacteria, which contribute the most to morbidity
metabolic complications from tumour lysis syndrome. Note that and mortality from infection by causing sepsis and septic shock
disease-related toxic death differs from death from progressive (1-4). In low- and middle-income countries (LMICs), rates of
cancer, which remains the most common cause of treatment death from sepsis are much higher than those in high-income
failure. Once oncologic emergencies have been addressed and countries (HICs); thus, AMR takes a greater toll on patients
anticancer treatment has been initiated, disease-related death in LMICs (5,6,10,14). The growing global challenge of AMR

52 AMR CONTROL THE CHALLENGE FOR THE CANCER COMMUNITY

AMR AND CANCER TREATMENT

Figure 1: Causes of treatment failure for children with non-Hodgkin lymphoma in high-income, middle-income and low-income countries
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was highlighted in 2015 in the World Health Organization’s dose was 16 hours, much too late to save the life of children
Global Action Plan (15). Despite global stakeholder support, with sepsis or septic shock (21).
much remains to be done, and a key gap includes the lack of
information systems (15-17).

Lack of information impedes progress to better prevent and
manage AMR in people with cancer

Treatment-related mortality from infection disproportionately Information systems typically require computer hardware,
affects people in low- and middle-income countries

costly software licensing contracts, trained personnel with

In addition to treatment failure from lack of diagnosis, expertise in information technology (IT), data management
misdiagnosis, abandonment of treatment, and relapse, staff, and time and effort from health-care providers to manage
people with cancer in LMICs also experience a greater risk information and apply it to clinical care. In HICs, most cancer
of toxic death, mostly due to TRM (Figure 1) (18,19). Indeed, centres maintain an electronic medical record (EMR), cancer
children with non-Hodgkin lymphoma have a 1% toxic death registry, research databases, and administrative databases.
rate in HICs, which is higher than 20% in some LMICs (Figure Each of these is supported by a team of informaticists
1) (20). Common risk factors for TRM in LMICs include low and integration or
data
transfers among systems can be
AMR
database
socioeconomic status, reduced access to prompt supportive developed and maintained
with support from data scientists
Cancer registry
Clinical trial
Cancer registry
AMR database
Clinical
trial
care due to long travel times to reach the hospital, personnel and statisticians. Unfortunately,
non-integrated systems
shortages that delay care, overworked health-care providers, are costly due to individual software licences and hardware
Demographics
Demographics
Demographics
Demographics
shortages of microbiology equipment and supplies, hospital requirements, the need for multiple teams of IT professionals,
infrastructure gaps, and other reasons (21). In one study in El integrations and data transfer pipelines that are costly to
Demographics
Diagnosis
Diagnosis
Diagnosis
Salvador, 12% of children with acute lymphoblastic leukaemia develop and maintain, and a strong data science programme
died of infections
within two months
of starting treatment
to support analysis. Such
programmes are difficult to fund and
Demographics
Treatment
Treatment
Treatment
(14,22). A major cause was severe delay in administration maintain in HICs, and nearly impossible in LMICs. Inexpensive
of the first dose
of antibiotic when an immunosuppressed
or free integrated solutions
are needed to effectively address
Toxicities
Infection
Infection
(infections)
microbiology
microbiology
patient developed fever. The gold standard for cancer the pressing challenge of AMR in cancer patients (23-25).
patients with fever and neutropenia is to administer the
Outcomes
Outcomes
Outcomes
first dose of antibiotic
within one hour
of the onset of fever, Integrated information
systems facilitate analysis and quality
the so-called “golden hour.” In El Salvador, before a series of improvement
interventions was undertaken, the median time to the first Cancer registries are common, even in LMICs, but they provide
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dissemination, and sustained operation of RPC and similar

effectiveness of interventions to address it. Microbiology and

integrated information systems are needed to track AMR

infectious disease databases provide the necessary granular

70%
and measure
the effectiveness of AMR reduction strategies,

information to assess gaps in infection control and detect

60%
as highlighted
by the WHO in its report “Monitoring and

the development of AMR, but lack details about the patient’s

evaluation
50% of the global action plan on antimicrobial resistance:

cancer and its outcome. An integrated solution is needed to

framework
and recommended indicators.” (https://apps.who.
40%

leverage the strengths of both types of database and facilitate
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analysis without the need for duplicate data entry and two

eng.pdf?ua=1).

90%
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30%

the AMR Task Force, which included diverse stakeholders
Resonance Patient Center and integrated information systems

and experts in oncology, infectious diseases, programme

Resonance Patient Center (RPC) is a web-based application

development, and research. UICC colleagues convened a series

provided at no cost to users by Resonance (ResonanceHealth.
org), an organization dedicated to amplifying health through
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Figure 2: Meeting of the UICC Antimicrobial Resistance Task Force, 31
May 2022
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testing is complete, resistant organisms can be identified (Figures 5 and 6) and the
can then be selected.

system featuring
fit-for-purpose
(e.g., cancer
registries),
best antibiotic,
or registries
combination
of antibiotics,
integration with the R statistical package, customization by

diverse users,
and 4.
decision
support tools to improve
patient
Figure
Antimicrobiogram
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the
blood
culture
and
care in real
time.
It is used
to collect
dataantibiotic
at the facilitysensitivity
level, but
such data[insert]
can be rolled up into national databases to support

therapy while awaiting results of
testing

Antimicrobiogram
from a tertiary
care paediatric
national and
international AMR-reduction
programmes,
such

cancer centre documents AMR in
multiple common species of bacteria that infect children with cancer. Used with
as the Global Antimicrobial Resistance and Use Surveillance
permission of Scott C Howard
System (GLASS) of the World Health Organization (WHO),

which was launched in 2015 to strengthen the AMR evidence
base by harmonized global reporting of official national
AMR and antimicrobial consumption data (https://www.who.
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The AMR testing confirms that the patient’s bloodstream infection was caused by a
highly-resistant bacteria expressing extended-spectrum beta-lactamase that confers
MIC, minimum inhibitory concentration; ESBL, extended spectrum beta-lactamase (a bacterial enzyme that confers resistance to a wide range of beta-lactam antibiotics); S, sensitive; I,
resistance
to cefepime, the drug typically used for empiric therapy.
intermediate
sensitivity; R, resistant.

Antimicrobial resistance testing confirms that the patient’s bloodstream infection was caused by a highly resistant bacteria expressing extended-spectrum beta-lactamase that confers resistance
to cefepime, the drug typically used for empiric therapy.

Figure 6. Antibiotic sensitivity testing identified resistant Acinetobacter
baumannii
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testing is complete, resistant organisms can be identified (Figures 5 and 6) and the
best antibiotic, or combination of antibiotics, can then be selected.
of meetings during which key themes were developed, including provides guidelines to create a hospital-based antibiogram,
the need for integrated information systems (Figure 2).

which is based on aggregate data showing the percentages

Figure
4. Antimicrobiogram
to select
empiric
therapy
while
results
of
of organisms
tested
that awaiting
are susceptible
to a particular
In this article,
we discuss features of information
systems
thetheblood
and
antibiotic
sensitivity
testing
(Figure 5). CLSI recommends annual updates to the
with
potentialculture
to integrate
hospital-based
cancer
registry antibiotic
[insert]
functions and data with clinical and microbiologic data antibiogram including only the first isolate per patient and only
from
a tertiary
care
cancer
centre
documents
AMR
for which
≥30 isolates
are tested
duringin
the period
toAntimicrobiogram
facilitate analysis of the
impact
of infection
andpaediatric
AMR organisms
multiple
common
species
of
bacteria
that
infect
children
with
cancer.
Used
with
on oncology outcomes. Free and open-source software is analyzed. Antibiograms are compiled by microbiologists in
permission
Scottavailable
C Howard
preferred,
since itof
is equally
to people in LMICs and collaboration with clinicians, infection preventionists and
HICs, and international user groups can support each other pharmacists. Because the process is time-consuming and
by enhancing features and sharing best practices for data requires extraction, synthesis and analysis of large quantities
collection and analysis (23-26).

Figure
Antimicrobial
Results
and5.discussion

of data, some hospitals do not update the antibiogram annually
or do not adhere to other CLSI guidelines (27). In an informal

susceptibilities tosurvey
commonly
prescribed
of colleagues
in LMICs, the antibiotics
time elapsed since the last
from
a
bloodstream
infection
of
a
child
with
cancer
Initial management of a cancer patient with suspected bacterial update ranged from two to eight years. A manually produced,
infection

frequently out of date, antibiogram has several disadvantages:

When a patient presents with febrile neutropenia, the first step 1) antibiotic resistance patterns can change quickly, leading
is to obtain cultures from the blood and other potential sites of to patient harm while awaiting the new antibiogram; 2) the
infection, followed immediately by administration of empiric time-consuming process pulls busy clinicians and laboratory
antibiotics. Empiric antibiotics are chosen based on the clinical personnel away from their daily patient care duties; and 3)
presentation to cover the most common bacterial infections in individual patients may have acquired their infection in different
patients managed at the treating centre using an antibiogram. environments, which may have different sensitivity patterns.
Once a positive blood culture has allowed identification of the

For example, patients who develop a pseudomonas infection

bacteria, the preliminary laboratory result is used to choose after spending two months in the intensive care unit on a
an antibiotic predicted to be effective based on the specific ventilator are much more likely to have contracted a resistant
bacterial species. When sensitivity testing is complete, the strain than a person who acquired their infection outside the
overall AMR profile of the identified microorganism is used to hospital. An intensive care unit-specific antibiogram would
select the best antibiotic or combination of antibiotics (Figures provide better guidance since it would use only the most
3 and 4). Additional benefits of accurate microbiological relevant information for the specific patient. Similarly, a patient
diagnosis include improved outbreak management and who has received outpatient therapy in the oncology ward and
enhanced environmental controls to reduce exposure of other infusion centre may have different exposures than a premature
people to resistant organisms.

baby in the neonatal unit. A unit-specific antibiogram would

The AMR testing confirms that the patient’s bloodstream
infection was caused by a
be more relevant for these situations than a general one.
highly-resistant bacteria expressing extended-spectrum
beta-lactamase that confers
Automated generation of a patient-specific antibiogram
Automated generation of specific antibiograms using the
resistance
to
cefepime,
the
drug
typically
used
for
empiric
therapy.
The Clinical and Laboratory Standards Institute (CLSI) combined tools available
in the free Resonance Patient
Figure 6. Antibiotic sensitivity testing identified resistant Acinetobacter
baumannii

Figure 4: Antibiotic sensitivity testing identified resistant Acinetobacter baumannii

The photograph shows a 19-year-old who presented with premature labour at the
time of leukemia diagnosis and bloodstream infection with a resistant strain of
Acinetobacter
baumannii
that was
only to tigecycline (tigeciclina). With
CMI,
minimum inhibitory concentration;
S, sensitive; I, intermediate
sensitivity;sensitive
R, resistant.

The photograph shows a 19-year-old who presented with premature labour at the time of leukemia diagnosis and bloodstream infection with a resistant strain of Acinetobacter baumannii that
was sensitive only to tigecycline (tigeciclina). With rapid testing for resistance, the appropriate antibiotic was administered and mother and baby are healthy.
Photograph used with written permission.
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Figure 5: An automatically generated patient-centred antimicrobiogram can leverage data from the Resonance Patient Center or other information
systems to produce customized antimicrobiograms based on specific criteria relevant for care of each patient

RPC, Resonance Patient Center (ResonanceHealth.org); R statistical package (www.R-project.org).

Center with the integrated AMR package in the statistical processes microbiology data and automatically produces the
programming language “R” overcomes all three disadvantages antibiogram. It is an example of a multi-use information system
of a general antibiogram and saves time (Figure 5). In future that can serve as a cancer registry, clinical trials management
work, the integrated decision support
will consider any past infections that
have been documented and prior

Figure 6: An automatically generated patient-centred antibiogram leverages data from Resonance
Patient Center or other information systems to produce customized antibiograms based on relevant
patient-specific criteria

antimicrobial therapy received by the
patient that could predispose them
to infection by a resistant organism
(23-26).
Integrated software available at no
cost to manage cancer, microbiology,
infectious disease and outcome data
To overcome the difficulties and
costs highlighted in the introduction,
Resonance Patient Center includes
R integration so that it can take
advantage of R packages and other
open-source tools to support clinical
care and hospital operations. Data
entered

into

Center

can

Resonance
be

Patient

automatically

transferred to the R statistical system
to run any number of open-source
packages with distinct functionality.
In the case of AMR (R), the R package

RPC, Resonance Patient Center (ResonanceHealth.org).
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Figure 7: Multi-use integrated information systems improve efficiency and data quality
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We have described an integrated
information

system

to

facilitate

real-time detection of AMR and
production

a
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antimicrobiogram to guide individual
therapy. This effort not only improves
care at the individual and facility

Integrated information systems facilitate the use of research data to support clinical care and clinical data to
inform research. Used with permission of Scott C Howard

level, but creates data assets that
can be rolled up to the national and
international level, as in the case

system, microbiology system and antibiogram generator,

of WHO GLASS, and combined with other data assets, such

thanks to native functionality plus integration of key open-

as those of hospital-based and national cancer registries.

source packages (Figure 6). The R project for statistical

Several free software systems are available to support cancer

computing and free software downloads can be found at

registration. The addition of micriobiological data to all cancer

https://www.r-project.org or by using the version integrated

registry software platforms and training of data entry personnel

into Resonance Patient Center at ResonanceHealth.org. These

to manage patient-level micriobiological information could

integrations allow for a multi-use integrated system that

support real-time analysis of resistance patterns. The addition

improves efficiency, avoids the need for duplicate data entry

of the open-source R package to produce antibiograms based

and decreases the probability of data errors (Figure 7).

on the data opens the door to real-time production of patientspecific antibiograms that can deliver decision support to users

Education, training, and networking facilitate research and

of the system that allows them to select the most appropriate

quality improvement

antibiotic for each patient based on their cancer type and

The International Society for Pediatric Oncology (SIOP) Global

recent clinical history (23-26). The Resonance Patient Center

Health Network (GHN) convenes health-care professionals

already includes this integration, but ongoing development is

and researchers to improve outcomes for children with

focused on improvements to the user interface and adaptation

cancer in all countries. Because of the critical

Figure 8: Antimicrobial Resistance Research and Care Network

role infection control plays in children with
cancer, the SIOP GHN Supportive Care Working
Group

(https://siop-online.org/supportive-

care-working-group/) is co-chaired by Miguela
Caniza, an infectious diseases expert focusing on
children with cancer. The recently-established
Antimicrobial Resistance Research and Care
Network (https://networks.resonancehealth.org/
networks/amr-network, Figure 8) was modeled
after the Global Neuroblastoma Network (https://
networks.resonancehealth.org/networks/gnn),
which brings together health-care professionals
and researchers from LMICs and HICs to discuss
difficult-to-manage patients, quality improvement
opportunities, best practices, supportive care
and protocol development (28). The goal is to

Available at https://networks.resonancehealth.org/networks/amr-network
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to mobile devices for point-of-care use. Country- and site- solutions for clinicians and other stakeholders involved in research
specific lists of available antibiotics will also be needed to avoid and patient care.
recommending antibiotics that are not accessible.
Aman Patel serves as Chief Technology Officer for Resonance,

Conclusions

where he leads teams that develop software for clinical research,

Information systems that integrate data from oncology quality improvement, medical records, learning information
registries and clinical microbiology facilitate prevention management, and networking. He has extensive experience
and management of AMR in immunosuppressed and architecting and developing web applications and systems,
myelosuppressed patients receiving anticancer therapy. including the St. Jude PeCan Pediatric Cancer data portal with
Applying such integrated information to daily clinical care decision support and clinical tools to visualize genomic data sets. He
can reduce toxic death from infection and potentially reduce has a Master of Computer Science from the University of Memphis.
relapse caused by interruptions in anticancer therapy during
treatment of infections.

n
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