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Challenges of health systems in Latin America and the Caribbean include accessibility, inequity, segmentation, and
poverty. These challenges are similar in different countries of the region and transcend national borders. The
increasing digital transformation of health care holds promise of more precise interventions, improved health
outcomes, increased efficiency, and ultimately reduced health-care costs. In Latin America and the Caribbean, the
adoption of digital health tools is in early stages and the quality of cancer registries, electronic health records, and
structured databases are problematic. Cancer research and innovation in the region are limited due to inadequate
academic resources and translational research is almost fully dependent on public funding. Regulatory complexity
and extended timelines jeopardise the potential improvement in participation in international studies. Emerging
technologies, artificial intelligence, big data, and cancer research represent an opportunity to address the health-care
challenges in Latin America and the Caribbean collectively, by optimising national capacities, sharing and comparing
best practices, and transferring scientific and technical capabilities.

Introduction

Latin America and the Caribbean has approximately
650 million inhabitants and more than 1-3 million new
cases of cancer annually! Cancer is the second most
common cause of death in most countries in this region,
independent of economic status."” Cancer control is both
insufficient and ineflicient, with deficiencies in trained
health-care professionals, fragmentation of health
systems, limited or inadequately distributed budget
allocations, understaffed hospitals, inadequate access to
new therapies, geographical and cultural barriers, and a
shortage of hospital facilities and technologies—all of
which compromise patient outcomes.> Most people in
the region receive health care through public health
systems, which are known to have lower rates of cancer
screening, more delays in cancer diagnosis, greater
proportions of advanced disease at presentation, and
limited access to optimal therapies, compared with
private health care.**

Better health outcomes are driven by cost-effective
interventions and can be further improved by the
incorporation of innovative technological solutions. Big
data, digital innovation, and artificial intelligence are
transforming cancer care globally, with a broad vision of
leveraging data, technology, and expertise to improve
health care. New initiatives such as data-driven algorithms
have been successfully deployed to support oncologists’
prognostication and therapy response predictions through
optimising, harmonising, and adopting digital solutions in
electronic health records, which could offer opportunities
to upgrade and modernise cancer control strategies in
Latin America and the Caribbean. In addition, personalised
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medicine has great potential to improve prevention,
diagnosis, and patient outcomes in the region, although
questions related to cost-effectiveness are unresolved.

Research and innovation are drivers of scientific and
economic development. Although Latin America and the
Caribbean has been more active in cancer clinical trials
in the past few decades, further initiatives in basic,
translational, and independent academic cancer research
are limited and in need of development throughout the
region.

In the second paper of this Series, we aim to describe
how emerging technologies, clinical research, and
personalised medicine can improve cancer control in the
region.

Emerging technologies to improve cancer
prevention, diagnosis, and treatment

Digital pathology, next-generation sequencing, and
liquid biopsy

Pathology is crucial for the prevention, diagnosis, and
management of cancer. Challenges to optimising
pathology in Latin America and the Caribbean include
inadequate infrastructure and centralisation of labor-
atories, a shortage of pathologists (particularly in public
health systems) and subspecialty expertise, reimburse-
ment issues, scarce training opportunities, and limited
access to qualified and accredited pathology services.
Digital pathology—which is suitable in a variety of clinical
applications such as the acquisition, management,
sharing, and interpretation of pathology information—can
improve diagnostic capabilities and management of
workflow, permit image sharing, enhance pathologist
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education, and facilitate consultation and diagnostic
interpretation among pathologists with broader expertise.®
Digital pathology holds great promise for the region, but
barriers to implementation include technological, infra-
structural, and economic limitations. For example, in
cervical cancer screening, advanced digital microscopy
diagnostics, supported by artificial intelligence, are feasible
in resource-limited settings for detection of abnormal cells
in Papanicolaou tests.’ Digital pathology for primary
diagnosis of breast lesions detected via screening prove to
be highly accurate, and automated digital pathology
algorithms have been developed to support pathologists to
quickly determine HER?2 status.”"

The emergence of central laboratories as centres of
excellence to serve a hospital network or a geographical
region represents an attractive solution to facilitate access
to new technologies in pathology, improve patient care,
and provide widespread coverage in a cost-sustainable
approach. Digital pathology is still incipient in the region;
nonetheless, some laboratories (eg, in Brazil® and
Mexico*) implemented a clinical digital pathology system
as part of their routine.

Next-generation sequencing and targeted therapies are
not part of the standard of care in most public health
systems in Latin America and the Caribbean. Multigene
panel sequencing has been shown to have moderate cost-
effectiveness in the USA compared with single-marker
genetic testing for the management of certain tumour
types.” The economic impact of gene sequencing in low-
income and middle-income countries has not been
adequately studied. In Latin America and the Caribbean,
very few cancer centres and laboratories offer next-
generation sequencing tests, which are not routinely
reimbursed by public or private health insurance.*
Pharmaceutical companies have been funding biomarker
tests that enable indication of targeted agents linked to
specific cancer types. However, the availability of industry-
funded sequencing varies by country and is driven by
industry priorities, making the situation unsustainable.
Looking forward, countries will need to generate unique
schemes for deployment of next-generation sequencing
that relate to locally available drugs.

Liquid biopsy, which was recently approved for analysis
of multiple cancers and biomarkers, has the potential to
improve patient care.

Currently in Latin America and the Caribbean, access
to liquid biopsy, specifically monotargeted tests (eg, PIK3
in advanced breast cancer and EGFR Thr790Met [T790M]
mutation in non-small cell lung cancer), is only through
programmes sponsored by pharmaceutical companies
and the capacity to implement this technology in clinical
practice in the region is limited.”

To date, a few tumour driver mutations and targeted
agents are available in clinical practice for the most
common cancer types—ie, breast, prostate, lung,
colorectal, and stomach cancers, which account for
approximately 50% of new cancer cases in Latin America

and the Caribbean.” Thus, next-generation sequencing
and liquid biopsy as a testing strategy for cancer diagnosis
and treatment in the region needs to be critically
evaluated to determine how they compare with an
approach of testing for several markers individually, or
whether next-generation sequencing and liquid biopsy
could be applied specifically to certain tumour types.

Electronic health solutions

Regionally, Latin America and the Caribbean has a high
rate of mobile phone adoption, with 70% of the
population being unique mobile subscribers—equivalent
to 444 million connections and 343 million mobile
internet users, giving a penetration rate of 55%." This
continuous and enormous spread of mobile technologies
enables almost instantaneous contact with an ever-
increasing mass of consumers and clients, making
mobile health (mHealth) an evolved subfield of electronic
health (eHealth).

eHealth and mHealth have great potential to improve
access to health systems, minimise health problems, and
improve health-care delivery, particularly in low-income
and middle-income countries (figure 1). Text messaging
(SMS) programmes have been used to educate patients,
raise awareness, provide adherence and appointment
reminders, facilitate data reporting and communication,
and assist in data collection and medical records
creation.”” SMS has been shown to improve adherence to
medical appointments in Colombia independent of a
patient’s age,” and to improve management of side-
effects in patients receiving chemotherapy in Brazil.”?
Patients report that they feel more confident with the
support, and that the SMS messages stimulate self-care
despite economic and social limitations.? However, it is
estimated that approximately 77 million rural inhabitants
in Latin America and the Caribbean have no access to
high-quality mobile and internet connectivity.”

A comparison of different mHealth applications finds
that 44-3% have been directed to health monitoring
and surveillance, and 41-9% to health promotion
and awareness.” Smartphone apps can support self-
management of cancer pain, eliminating unnecessary
hospitalisations and emergency room visits, thus
reducing health-care costs.”

Telemedicine has been applied in multiple clinical
settings, increasing access to care and showing at least
equivalence to in-person care, high levels of satisfaction
among both patients and health professionals, and
decreased health-care costs.” The COVID-19 pandemic
spurred rapid availability and adoption of telehealth
services in several Latin American and Caribbean
countries, especially in the private health sector.®
Argentina initiated use of telemedicine in the public
health system (including for cancer care) during the
pandemic with more than 130000 consultations, of which
72% were done via mobile phone.” In Brazil, telemedicine
was adopted by several private hospitals and by the largest
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private health provider covering 3-6 million members,
which performed more than 111000 teleconsultations in
2020.* Telemedicine can potentially play an important
role in cancer care, especially in areas of limited access to
health system structures and, most importantly, in remote
geographical areas within large countries.

Despite the potential benefits of eHealth, its
incorporation into health systems and patient care remains
limited in Latin America and the Caribbean, mainly due to
insufficient funding for system development, inadequate
equipment and internet-related infrastructure, and little
regulatory guidance. To take best advantage of digital
innovations, the region must build capacity by training
personnel, including medical students.”*

Artificial intelligence

Artificial intelligence can be applied in several important
steps in cancer care, from diagnostic methods to surgery
and treatment, by supporting clinical judgement and
managing processes to optimise health systems (figure 1).*

Successful use of artificial intelligence requires precise
data collection and data entry, which are highly dependent
on training and monitoring as staff transition from legacy
systems.* In Latin America and the Caribbean, it is
difficult to ensure high-quality data for harmonised
datasets representing large areas, as data capture is
fragmented through several health-care organisations or
insurance providers. Likewise, making artificial
intelligence useful requires qualified personnel to register,
collect, and interpret data. In fact, the clinical translation
of artificial intelligence approaches in medicine has been
limited due to the lack of structured datasets that integrate
phenomic, genomic, and environmental determinants of
health.* Once effectively launched, artificial intelligence
can be used in Latin America and the Caribbean to
integrate additional factors in determining best courses of
treatment, such as genetic characteristics that vary
substantially throughout the region.*

Artificial intelligence can be applied broadly to promote
equity in patient access to high-quality health care,
increase transparency of training datasets, and stimulate
investments in machine learning and data science, all of
which will result in the generation of reliable data so
necessary for decision makers tasked with improving the
delivery of medical interventions (table 1).” Future imple-
mentation of narrow artificial intelligence solutions, in
which a learning algorithm is designed to perform a
single non-complex task, can aid public health officials
and oncologists in remote rural areas. Examples include
medical artificial intelligence technology for early
detection of skin cancers based on image recognition,
and health-monitoring platforms to avoid overtesting
and overtreatment of cancer. In addition, health workers
could be trained to use medical artificial intelligence
tools to compensate for insufficient numbers of trained
physicians, scaling up access to best available health care.
Disease mapping and remote consultation could be
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Figure 1: Emerging technologies for the prevention, diagnosis, and treatment of cancer in Latin America and

the Caribbean
mHealth=mobile health.

possible since existing and new technologies such as
computers, robots, cameras, and mobile phones can be
powered with artificial intelligence to generate and send
information from remote areas to the main medical
centres. In addition, a multilevel medical artificial
intelligence service network system could help to
decrease the inequality between urban and rural health
services.® To prepare for dissemination of artificial
intelligence, which will strengthen health systems,
government investments are urgently needed in public—
private partnerships.

Big data and real-world evidence to improve
cancer care

The growth in ability to gather and store data with digitised
medical files, molecular diagnostics, and real-time patient
monitoring data from wearables will provide information
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Solutions

Key actions

Emerging technologies and artificial intelligence

Limited infrastructure, specialisation,
and centralisation of pathology
laboratories

High prevalence of tumour driver
mutation and inadequate access to
targeted drugs

Missed consultations and treatment
appointments, low treatment
adherence, unnecessary emergency
visits or hospitalisation for
management of adverse events, long
distance from centres

Big data and real-world evidence

Absence of quality parameters of
health care

Little real-time information on
diagnosis, treatment, and outcomes
of cancer population

Restricted data sharing and
interoperability between electronic
health record systems, leading to
fragmented and unstructured health
information

Advances in cancer research

Enhance participation in clinical trials

Boost cancer innovation through
academic clinical trials

Implement digital pathology

Provide next-generation sequencing and

liquid biopsy for frequent mutations or

locally accessible targeted drugs, or both

Adopt electronic health and mobile
health solutions (eg, text messaging,
mobile apps, telemedicine, virtual
meetings)

Adopt electronic health records

Generate real-world data

Use big data for health analytics

Simplify regulation and digitalise all the
processes to attract new studies and
facilitate clinical trial set-up

Regulate academic clinical trials

Incorporation of personalised medicine into cancer care

Unknown prevalence of targeted
mutations in most Latin American
and Caribbean countries; limited
access to molecular and genomic tests

Inadequate access to new targeted
drugs

Analyse cost-effectiveness of
personalised medicine

Create a precision medicine task force
between government, insurers,

and experts to evaluate cost-
effectiveness data

to specialised pathology services; improve efficiencies in workflow, secondary consultations, tumour boards,
peer review, clinical trials, research, training, and other areas.

Adopt cost-effective genotyping platforms that can provide information on the minimum set of genetic
abnormalities needed for proper cancer management; partner with the pharmaceutical industry to offer

support self-management of cancer pain; implement telemedicine for consultation, specialists second opinion,
and follow-up visits; establish virtual multidisciplinary boards with participation of external experts for
treatment planning; use digital health technologies and software to support clinical decision, especially in

experts in health information technology)

care interventions

for national cancer control; use big data to improve health system management and efficiency; regulate,
collect, and integrate health information from several resources such as mobile health and electronic health

trials, and providing fiscal incentives to businesses to increase spending on research and development

Optimise central laboratories for hospitals or clinic networks that have geographical barriers or limited access

monotargeted testing programmes or next-generation sequencing for use of available targeted drugs

Use text messaging to remind patients of consultations and treatment appointments; use mobile apps to
improve treatment adherence and management of adverse events; use text messaging and mobile apps to

remote areas, and to manage processes to optimise the health system (eg, increase efficiency of throughputs,
improve clinical workflow, decrease human resource costs)

Ensure interoperability and standardisation of electronic health record systems; improve and implement
national governance; apply interoperability and quality guidelines; build information technology
infrastructure and storage facilities; train a specialised workforce (eg, cancer registrars, bioinformatician, and

Generate real-word data to evaluate quality parameters, access to optimal treatment, and impact of health-

Construct big datasets to provide analytic data for health authorities and insurers, and to define new policies

records, and integrate with artificial intelligence

Implement fully electronic regulatory and ethics processes, digital signatures for clinical trials contract and
documents, and use of electronic trial master file; simplify regulatory processes, use electronic study registration
systems, decentralise ethics committee, and build cooperative institutional review boards models to review
multicentre trials to avoid duplication in protocol review processes; use digital platforms and websites to
improve patient awareness and education about clinical trials; develop apps for finding clinical trials, increasing
recruitment and retention rates, and collecting patient-reported outcomes in clinical trials; increase
governments support in fostering innovation through translational and clinical research, implementing
electronic health records in the public health system, optimising the research process for rapid set-up of clinical

Recognise universities, institutions, and academic groups as sponsors for academic trials; require health
insurance plans to cover costs of routine patient care in clinical trials (eg, cancer treatments, laboratory tests,
imaging, consultations, and other standard-of-care procedures); allow mixed funding and support from
commercial collaboration; encourage private funding for cancer research through donation and tax deduction
programmes; stimulate philanthropy

Generate real-world data on the prevalence of driver mutations and biomarkers for national or specific
populations in certain geographical regions; partner with industry to provide tumour driver mutation testing
programmes; use centralised laboratories for molecular and genomic tests to decrease costs; study and
report cost-effectiveness of incorporating new technologies (including devices, tests, and medicines) into
cancer care

Define cost-effectiveness criteria in each country to determine priorities for access; consider prioritising
curative therapies and the most prevalent disease or biomarkers in the national cancer population; generate
real-world data to re-evaluate access and efficacy in its population

Table 1: Challenges, solutions, and key actions to improve cancer prevention, diagnosis, and treatment, both within and between countries in Latin America and the Caribbean

streams for use with powerful analytical tools at a
resolution and scale not previously available. The potential
uses of biomedical big data analytics might include more
complex understanding of health-care inequities at the
individual patient, health system, and population levels.
At the patient interface, clinicians could use rapid and
accurate diagnostics to support specialised clinical
decision making or personalised medicine (table 1).
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Health systems might see the impact of big data for
facilitating access, improving workflow, sustaining long-
term operations, as well as tracking and reducing medical
errors. Patients are also ready to engage in data generation
to promote their own health.

Currently, electronic health records are the most
widespread application of big data in medicine and
one of the major sources of real-world data.” Electronic
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health record databases represent an emerging data
source with the potential to enhance the ability to
measure important health outcomes and support clinical
decision support systems, and have a positive spill-
over effect at the level of research, with comparative
effectiveness and cost-effectiveness studies. Promotion
of ubiquitous and systematic records of health data for
their reuse and ongoing analysis is crucial to improve
health-care sustainability through increased biomedical
knowledge and results-oriented management.®

Among the Latin American and Caribbean countries,
Costa Rica and Uruguay are the most experienced with
using electronic health records and have advanced
coverage of universal and integrated systems.” In other
countries in the region, use and coverage of electronic
health records are increasing, and the quality of cancer
registries has improved, but harmonisation of data is
challenging because of the variation between countries
in the type of data collected and the difficulty in
integrating data from various health providers.” Data are
typically incomplete, frequently unstructured, non-
standardised, episodic, inconsistent, non-accessible, and
siloed. These conditions limit linkage between datasets
and their potential usefulness in generating real-world
evidence, which is the result of analyses of real-world
data. Initiatives such as Minimal Common Oncology
Data Elements in the USA aim to improve the
interoperability of cancer data by proposing data
standards that will facilitate transmission of data related
to patients with cancer.®

In Latin America and the Caribbean, real-world evidence
is mainly used for pharmacovigilance and pure academic
research, less so for health technology assessment
decision making or pricing negotiations, and not at all to
inform early access schemes.” There are many ongoing
efforts to collect interpretable data from service providers,
insurers, and government agencies, but initiatives are
hampered by fragmentation and by inadequate gover-
nance and resources.” To obtain generalisable and
comprehensive real-world data that can be shared at the
national and global level, current health information
systems need to improve transferability of routine data
collection and patient traceability through the entire
continuum of health-care provision. Such improvement
includes development and acceptance of common data
models, establishing methods to reward stakeholders that
share data, and increasing the understanding of the
potential value of high-quality datasets to encourage
health systems to collect data holistically.

Many countries do not have a central authority to steward
health infrastructure with standards that ensure
governance, interoperability, and quality guidelines.®
National regulation of data is essential to monitor
transparency, ensure accessibility, and determine data use
criteria. Attention to rigour and reproducibility of results
will improve the likelihood of constructing models of
collaboration between payers and providers that are

www.thelancet.com/oncology Vol 22 November 2021

beneficial for all parties. Regionally, delays in the adoption
of digital technologies for collection of patients’ records
can be attributed to uneven access to technology and
concerns with security, privacy, and ethical issues. Only
recently have legal and standard practice frameworks been
established for data anonymisation and linkages that
protect patients’ rights to confidentiality; Brazil, Barbados,
and Panama are the first countries in the region to adopt
the General Data Protection Regulation inspired by the EU
regulation.”*” However, the long-term investments needed
to use big data in the Latin American and Caribbean
context will be challenging. Generally, allocation of
resources to build information technology infrastructures,
storage facilities, and train a specialised workforce are
limited to private health-care settings. Although some
countries in the region (eg, Argentina® and Brazil®) are
embracing a data-driven approach to health care, the
generation of big data faces basic issues, particularly due to
fragmented sources of data and restrict data-sharing
policies by insurance companies, pharmaceutical firms,
research networks, and governments.

One example of a big data initiative in oncology is the
CancerLinQ platform that integrates electronic health
record data from more than 200 oncology practices in the
USA.* The purpose is to better understand the clinical
decisions and cancer care processes on health outcomes
and to provide a platform that supports the design and
conduct of further clinical and epidemiological research.

A noted weakness in the biomedical data enterprise is
lack of socioeconomic diversity within populations
involved in research studies. This problem creates a know-
ledge gap and represents a unique opportunity for
Latin American and Caribbean countries with socio-
economic diversity to contribute to research projects,
particularly where high levels of patient involvement and
mHealth penetration are required to test individuals’
precise self-assessment and monitoring of health
outcomes. There is an absolute need, regionwide, to
assess the benefits of high-cost interventions for patients
with cancer, with sophisticated analyses of high-quality,
longitudinal, and integrated data, which in turn will
support large-scale research initiatives using big data to
advance precision medicine.” Strategic investment in true
learning health-care systems is needed to achieve the
vision of universal population health and personalised
medicine for individuals with cancer.

Cancer research in Latin America and the
Caribbean

Current status, regulation, and funding

The globalisation of clinical trials has evolved in the past
two decades with an increased number of clinical trials
occurring outside the USA and Europe.” As of July, 2021,
of the 9315 ongoing phase 1-3 cancer clinical trials
worldwide registered on ClinicalTrials.gov, 469 (5%)
involved Latin American and Caribbean countries, of
which 194 (41%) involved Brazil.
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Facts

« 650 million inhabitants

+ 1.3 million new cancer cases annually

« Breast, prostate, lung, colorectal, and
stomach cancers have the highest incidence

« Qualified research sites and low-cost
procedures

« High potential for recruitment and genomic
diversity

Key priorities

« Funding: incentivise private investment and
create tax-deductible donation programmes

« Regulatory process: implement specific
regulations for academic research;
require health insurance plans to cover costs
of routine patient care in academic clinical
trials

« Recruitment: use social media and other
approaches to educate about clinical trials
and promote recruitment

« Timelines: target 3-6 months for full
regulatory approval and clinical trial
initiation

Regulatory processes
« Decentralise ethics
committees and allow

multisite affiliation

« Simplify processes and

shorten timelines of
regulatory authorities
and ethics committees

« Regulate academic

research

Sponsors (industry,
government,
institutions)

« Incorporate digital
technologies in clinical
trials (eConsent, remote
monitoring, mHealth
and wearables, etc)

« Support national
industry innovation
« Measure efficiency in

research investment

Cife)e)

Translational research
« Stimulate private
funding
« Simplify patenting and
intellectual property
processes
« Regulate and support
biobanking
« Streamline the process
of customs clearance
and import licences

Research institutions
« Streamline internal process
for regulatory and contract
approvals
« Train workforce for clinical research
« Public communication of
ongoing clinical trials

Patients and recruitment
« Stimulate the use of social
media to promote clinical trials
« Engage patient groups in
clinical trial development
« Increase access to public
information about ongoing
clinical trials
« Promote education about
clinical trials

Figure 2: Fostering cancer research and innovation in Latin America and the Caribbean
eConsent=electronic consent form. mHealth=mobile health.

e493

Latin America and the Caribbean is an attractive region
to do clinical trials because of its high potential for
recruitment, low clinical trial costs, qualified research
sites, and improved regulatory timelines in the last
decade.” Nevertheless, there are challenges to overcome,
such as a small number research sites that are mostly
centralised in specific regions, complex and lengthy
regulatory processes in some countries, limited public
investment in cancer research, complex processes for
customs clearance for research materials, and the lack of
educational programmes to train a new generation of
cancer researchers.”* Clinical research should be
considered a priority in the region, and it is crucial to
implement procedures to streamline regulatory
timelines, decentralise the regulatory process, adopt
electronic regulatory submission platforms for clinical
trials, and stimulate international collaboration in
biobank collection for the discovery of biomarkers
related to the Latin American and Caribbean population.

In terms of scientific publication in the region, Brazil is
the most productive nation, with 41-8% of identified
cancer-related peer-reviewed articles published between
2010 and 2018, followed by Mexico (16-6%) and
Argentina (12-9%).” Brazil, Mexico, Cuba, and Argentina
were the highest contributors in cancer patent
applications, with a total of 12989 items published and
244 patent applications related to cancer.® Finally, none

of the Latin American and Caribbean countries have an
institution listed in the top 200 global institutions ranked
in cancer research from January, 2015, to August, 2019.”

Investment in research is one of the key pillars to
innovation and development. The average share of gross
domestic product devoted to research and development
is 0-7% for Latin America and the Caribbean, compared
with 1-7% globally and 2-5% for North America and
Europe.® Funding is not the unique limiting factor
associated with innovation. Chile spends less than Brazil
does, but has a higher financial efficacy—ie, the relative
contribution of each author to an article divided by the
country’s gross domestic expenditure on research and
development.” The science budget for basic and
translational research in the region is almost fully
dependent on government grants, particularly in federal
institutions, and is therefore exposed to economic
instabilities. In 2017, during Brazil's economic crisis,
there was a resulting 44% decrease in federal investment
in research.” More recently, the COVID-19 pandemic
impacted scientists and research laboratories due to
science budget cuts.®

By contrast, approximately 70% of clinical trials in Latin
America and the Caribbean are sponsored by industry, a
proportion similar to that in Europe. Therefore, clinical
research on new therapies are infrequently funded by
national governments or local institutions.®*
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Among the options to improve funding for cancer
research are programmes of donation and tax deduction.
Brazil has created a programme (Programa Nacional de
Apoio a Atengiio Oncoldgica) that allows donors to select a
project to fund; in 2020, a total of US$25 million were
invested through this programme.* Philanthropy is still
very limited in the region though.” In the past few
decades, patient advocacy groups have evolved and more
organisations have been established, with a few notable
initiatives such as Projeto CURA, which is raising funds
for cancer research.

Academic research

Increases in investigator-initiated clinical trials and
academic research sponsored by universities, hospitals,
or other non-profit organisations (non-commercial
sponsors) are crucial to boost and sustain the cancer
research agenda in the region (table 1, figure 2). The
impact can be substantial; for example, in the USA,
results of 45-1% of academic studies sponsored by the
National Cancer Institute, including trials with positive
and negative findings, affected guidelines of the National
Comprehensive Cancer Network or new drug indications
by the Food and Drug Administration.*

In Latin America and the Caribbean, regulations require
that standard-of-care treatment and procedures be fully
covered by the study sponsor, making trials expensive and
typically unfeasible for academic institutions. As a result,
studies addressing important regional research questions
with systemic drugs, surgery, or radiotherapy are almost
impossible to operationalise.

Globally, there is a trend towards a higher participation
of small biotech firms in oncology, creating an
opportunity for Latin American and Caribbean countries
and institutions to interact with these companies in
academic and low-cost clinical trials.” About half of the
top 20 pharmaceutical companies operating in Brazil are
locally owned and dedicated to the production of generic
and, to a lesser extent, biosimilar drugs. However, the
high costs associated with drug development and risks of
clinical trial failure result in limited research investment
and academic interaction.®

Partnerships between industry and academic institutions
in Europe have led to major scientific breakthroughs
that benefitted patients with cancer and can be model for
Latin American and Caribbean countries.”

Technologies for conducting clinical trials
Incorporating technologies and digitalisation is the next
step to increase efficiency in clinical trials through
decentralisation and virtual trials (ie, incorporation of
digital technologies into clinical trials), especially in
Latin America and the Caribbean, to increase widespread
participation of sites, including remote areas.”
Recruiting and retaining participants in clinical trials
remains a challenge. Despite recent efforts, data
published in 2017 showed that 40% of trials in the UK
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were unable to reach their intended enrolment numbers.”
Several technological solutions could improve patient
inclusion and retention in clinical trials in Latin America
and the Caribbean. Digital recruitment approaches
could include automated telephone messaging, audio
messages, videos, radio and television advertisements,
online advertisements, the use of social media, email,
and text messages, and automated eligibility screening of
electronic health records, data warehouses, or other
patient data sources (eg, machine-learning and case-
based reasoning models).”

Digital health technologies such as smartphones and
wearables can be used in clinical trials to transmit
information on participants’ symptoms, disease progres-
sion, and treatment efficacy in a cost-effective and
efficient manner.”*”* The use of mobile technologies for
data capture offers the possibility of collecting real-time
information from study participants, wherever they are
(eg, at homes, workplaces, or other settings) in their daily
lives, and for a prolonged period. This approach would
provide investigators with more complete information
about the impact of the investigational product and
have been extensively reviewed in the Clinical Trials
Transformation Initiative recommendations.”

Electronic data capture using validated electronic case
report forms could also provide more accurate data
capture and allow for automatic queries, thus reducing
data management workload and costs. Electronic capture
of patient-reported outcome data has many advantages
over paper-based data collection. Regulatory agencies
have consistently supported the use of such data capture
and recommendations have been made by the Electronic
Patient-Reported Outcome Consortium.”

Social media in clinical trials

Worldwide, patients indicate a belief in the importance of
clinical research, but have limited understanding of the
research process and availability of information on
locations of trial sites.” Improved promotion of education
for patients with cancer and communication about
clinical trials will mitigate one of the primary gaps
preventing access to trials.

In general, the most important sources of information
about clinical trials for patients in Latin America and
the Caribbean are the attending physician, physicians’
reference networks, and advertisements in traditional
media. Worldwide, social media is not widely used for
trial recruitment; data from the USA suggest that only
25% of cancer investigators in the Southwest Oncology
Group use social media to recruit patients for trials.”

However, social media is a useful tool for increasing
awareness and disseminating information about clinical
trials. Social networks offer a nearly inexhaustible
source of information for all stakeholders in cancer
trials, facilitating recruitment and building awareness
of opportunities among patients. Putting opportunities
to participate in trials out on social medial can allow

For Projecto CURA see
https://projetocura.org/en
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stakeholders to receive feedback from patients,
including fears and concerns, and raises awareness,
which can benefit clinical research projects.” However,
activity on social medial might generate uncontrolled
risks including issues with confidentiality, privacy, and
the integrity of clinical trials. It is important for trial
participants to be aware of potential scams and
counterfeit goods specific to clinical trial participation,
and cross-check information of social media posts.**

Although Latin America and the Caribbean faces
immense challenges, the room for growth and
opportunity in use of social media in cancer research is
unparalleled. The immense social media use during the
pandemic has allowed marketing strategies not
previously experienced. Social network use has grown
by 13-2% Dbetween January, 2020, to January, 2021,
worldwide.® In cancer research, industry, researchers,
patient associations, committees, and communities can
capitalise on this new way to communicate with different
patients with cancer, which might help to build interest
among social media users to learn about other serious
diseases. The great challenge in the near future is
developing ethical uses of social media that are reliably
within regulatory requirements.

Translational research
A major drawback in cancer control programmes in
Latin America and the Caribbean is the enormous gap
between scientific advances and their translation into
clinically relevant therapeutics. Public and private
funding is scant to support the various stages of the
translational process, typically leading to failure either in
the technology’s transfer from the bench into
development or in its clinical application.®

Clinicians are overwhelmed with hospital demands and
are not given protected time for clinical research, and basic
scientists might be forced to delay translational research
activities to focus on publication-generating work to
maintain funding and academic positions. In another key
link, pharmaceutical entrepreneurs do not give sufficient
value to local research done in Latin America and the
Caribbean, and technology transfer officers, responsible
for connecting the different stakeholders, repeatedly fail in
this complex endeavour.* Furthermore, for scientists in
drug development, the bureaucracy associated with
patenting and licensing processes, managing intellectual
property, and the intimidating nature of regulatory
requirements, business-related issues, varied perspectives,
and different languages present many additional hurdles.

These hurdles might prove insurmountable for scientists
attempting to solidify ownership and sales of intellectual
property to companies that might acquire it and potentially
take the new drug to market. Governmental institutions
and non-profit organisations are an alternative source of
support and can provide relevant financial and logistical
support to overcome these limitations, by supporting basic
research; fostering communication of the key players;

encouraging multidisciplinary partnerships between
academia, health care, and industry by creating academic-
based industry interface offices; and facilitating education
of a new generation of scientists with expertise in both
basic research and clinical oncology.

Academic institutions should rethink their criteria for
assessing scientists, allowing additional years for the
complex and lengthy process of translational research.
Thus, only collaboration between multiple stakeholders,
including public and private entities, will have the
breadth of influence and strength to generate a paradigm
shift in the development of patient-oriented trans-
formative oncology.*

Incorporation of personalised medicine
Personalised medicine is of particular importance in Latin
America and the Caribbean, considering the diversity of
the population and the varied frequencies of genomic
drivers (table 2). For example, EGFR mutations are
identified, on average, in 26% of patients with lung cancer
in the region, but can be present in as many as 51-1% in
specific countries, such as Peru.* Differences are likely a
result of the admixed population ancestry, and thus a
complete understanding of these differences will drive
next-generation clinical approaches for the region.” Use of
genomic data and cost-effectiveness analyses can improve
access to novel treatments and thus reduce the wide gap
between precision medicine and standard of care,
overcoming disparities in quality of care in the region.®

Genomic information has transformed diagnoses in
different areas of medicine and improved the diagnoses
and treatment of cancer, as well as the development of
biomarker-driven oncology trials. These developments
are possible due to the combination of in-depth genomic
information, larger and more comprehensive databases,
and platforms for integrated analyses. The rise of
personalised medicine in cancer has led to new trial
designs, some of them with deep involvement of
academic research institutions.*®*

Assessment of the market value of precision medicine is
inconsistent and, in some cases, unclear across different
geographies and health technology assessment bodies,
although some groups have articulted assessment
approaches.” Nevertheless, the size of the precision
medicine market in Latin America and the Caribbean was
worth US$5-66 billion in 2021 and is projected to reach
$10-11 billion by 2026, at a compound annual growth rate
of 5-66% during this forecast period.” This growth
projection is due to the expected demand for customised
medical solutions, growth in health-care technologies,
favourable government regulations, and use of next-
generation sequencing in practice.

An important challenge to these projections is the
unknown prevalence of targeted mutations in most
Latin American and Caribbean countries.

There are conceptional and structural challenges with
implementing personalised medicine in Latin America
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Outcomes

Data: practically all countries in Latin America and
the Caribbean have many barriers to access medical
information, which is currently the major roadblock
for the development of personalised medicine

Prevention: insufficient research to investigate the
potential benefits of personalised medicine
approaches in cancer prevention

Diagnostics: limited access to molecular and genetic
tests

Therapeutics: insufficient access to novel targeted
drugs

Health systems: lack of innovation towards
personalised health systems

Public and specialist information: insufficient
knowledge from public, patients, and specialists

Promote and implement advanced analytical tools, machine
learning, and artificial intelligence; coordinate and share regional
information systems and data collection; establish regional
agreements for cooperation; harmonise databases at governmental
and private organisations (eg, hospitals and health insurance
providers)

Propose a coherent governmental approach to personalised health-
care prevention; develop and promote clear messages to policy
makers, explaining that appropriate interventions need to be
quickly implemented to benefit the entire population

Do health technology assessments to evaluate the incorporation of
new technologies for patients and health systems; establish
centralised laboratories that are accessible to multiple institutions

Analyse cost-effectiveness of personalised medicine at the local
level to demonstrate which interventions are more convenient and
feasible according existing resources and health systems context

Create a regional or national precision medicine task force between
government, insurers, and experts to evaluate data from a cost-
effectiveness and real-world data perspective; re-evaluate health
systems to create resilient, integrated, and patient-centred models

Educate the public, policy makers, medical specialists,
and governmental bodies that personalised medicine is not merely

Availability of large datasets, including electronic health records,
with longitudinal data; incorporation of real-world data and
real-world evidence into regulatory and health technology
assessment processes

Proper use of health-related information for optimised prevention

Good-quality research and testing laboratories; availability of next-
generation sequencing; good access to cancer-related testing

Real-world data on the prevalence of driver mutations biomarkers
for national or specific geographical populations; partnership with
industry to provide tumour driver mutation test programmes; use
of centralised laboratories for molecular and genomic tests to
decrease costs; cost-effectiveness data of incorporation new
technologies (devices, tests, and medicines) into cancer care

Clear cost-effectiveness criteria in each country to define priorities for
access; prioritisation of curative therapies and the most prevalent
disease or biomarkers in national cancer population; generation of
real-world data to re-evaluate access and efficacy in the population;
patient-centred care that better respond to patient needs

Implementation of best practices related to personalised health
care, governance decisions, awareness and attitudes, infrastructure,

Economics: policy makers must correct
preconceptions that personalised health care is too
expensive and should invest in health technology
assessment processes to ensure informed decision
making

Politics: Political will remains insufficient or
practically inexistent in many Latin American and
Caribbean countries

applying the concept in diagnosis and treatment of cancer;
run explanatory and educational media campaigns through
partnerships between scientific societies and governmental
institutions (eg, national cancer institutes)

Develop health technology assessment studies to evaluate the costs
and benefits of personalised medicine interventions; integrate
personalised medicine in health systems

Develop processes and methods for economic evaluations and
health technology assessments based on local data and according
to the health system capabilities and resources; promote the
inclusion of personalised medicine in national cancer plans

and financial stewardship

help enable its introduction

judicial power

Inclusion of personalised cancer care in the political agenda;
inclusion of planning of cancer care in national cancer plans,
regulations, and norms; a whole-of-government approach,

including the executive (eg, the ministry of health), parliament, and

Increased public and specialist understanding of the mechanisms,
potential, and limitations of personalised health care is needed to

Table 2: Potential for personalised medicine to reduce health disparities, inequities, and inequalities—a holistic and integrated view

and the Caribbean, including educating physicians on the
benefits and limitations of genomic profiling, cooperation
between physicians and pathologists, timely reporting
of testing results, clinical implications of comprehen-
sive genomic profile, composition of multidisciplinary
tumour boards, access to adequate therapies, clinic-
genomic databases, and bioinformatics.”** Financing and
counselling will need to be undertaken at local and
national levels.

To include personalised medicine within health
systems, it is necessary to evaluate differential research
needs for decision making—ie, economic evaluations,
preparation, delivery, sustainability, and scale-up.

From a diagnostic and therapeutic perspective, disad-
vantages of implementing personalised medicine in Latin
America and the Caribbean include high costs of new
diagnostic methods and drugs, which often have modest
improvements in survival and the potential to provide
cures. A new vision that could change the framework in
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the region is to offer personalised screening in cancer
prevention, which might have benefits for healthy
populations and reduce cancer incidence.”

Looking into the future, all of this progress will be
surpassed by a new wave of artificial intelligence-assisted
systems, embedded in better-integrated computational
infrastructures and fed with higher-resolution data from
technologies, such as single-cell genomics and proteomics
combined with imaging and personal devices. The
participation of Latin American and Caribbean countries
in these promising improvements depends on the
capacity to overcome the current barriers to generate and
access medical information, which are the region’s major
roadblocks in development of genomic medicine.

Conclusions

The cancer burden in Latin America and the Caribbean
is increasing, with a substantial impact on health
systems and a growing demand for services in the next
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Search strategy and selection criteria

No formal systematic review was done. We searched PubMed
focusing on emerging technologies, artificial intelligence, big
data, and clinical research on cancer in Latin America and the
Caribbean, using the terms “emerging technologies”,
“artificial intelligence”, “big data”, “electronic health care”,
“digital pathology”, “cancer research”, “Latin America”,
“Caribbean”, and “cancer control” from Jan 1, 2000, until
Aug 16, 2021. We only considered papers published in
English, and selected references according to their relevance
to this paper. We searched for relevant information and
reports published in websites from Latin American and
Caribbean countries published in English, Spanish,

or Portuguese related to the topics of this paper.

decades. A comprehensive programme to reduce the
incidence and mortality of the most prevalent cancer
types in the region should include promoting policies to
target risk factors, increasing immunisation coverage
against infection associated with cancer, increasing
access to screening programmes for early detection, and
increasing patient access to timely diagnosis and
treatment. In parallel, cancer control will require rapid
adoption of new technologies that are currently not
widely implemented in the region due to inadequate
funding, insufficient human capacity trained to manage
new systems, and overall structural deficiencies.

Digital transformation of health care in the region
holds tremendous promise and would have beneficial
effects, including universal connectivity in the health
sector, accelerated progress towards digital public
health, and implementation of open, sustainable,
interoperable digital information and big data for health
analytics. It would mainstream human rights across all
areas by digital transformation in health, allowing
participation in global cooperative projects that use
artificial intelligence, and establishing mechanisms for
the confidentiality and security of information in the
digital public health setting. Overall, it will generate a
renewed public health architecture for the age of digital
interdependence.

Research and innovation together have a fundamental
role in improving cancer care and control. Cancer
research should be considered a priority in Latin America
and the Caribbean, with an emphasis on simplification
of the regulatory process, regulation and incentives for
academic cancer research, and full implementation of
electronic health records in health systems that will
generate real-world and big data to improve analyses of
clinical processes and outcomes for the purpose of
providing the best available care with quality and cost-
effectiveness.

Ultimately, new and innovative approaches will
promote next-generation cancer strategies, which are
more firmly centred on each individual's personal

characteristics and will lead to increased effectiveness,
economic value, and equitable access for all populations
while ensuring the best possible cancer prevention,
detection, and care.
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