
Academic Editor: Thankam S. Sunil

Received: 6 June 2025

Revised: 30 July 2025

Accepted: 1 August 2025

Published: 5 August 2025

Citation: González, A.R.; Merchán,

L.A.A.; Alexander, J.A.A.; Kaen, D.;

Lopez-Correa, C.; Martin, C.; Attwill,

A.; Marinetti, T.; Rocha, J.V.; Barrios, C.

Precision Medicine for Cancer and

Health Equity in Latin America:

Generating Understanding for Policy

and Health System Shaping. Int. J.

Environ. Res. Public Health 2025, 22,

1220. https://doi.org/10.3390/

ijerph22081220

Copyright: © 2025 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license

(https://creativecommons.org/

licenses/by/4.0/).

Review

Precision Medicine for Cancer and Health Equity in Latin
America: Generating Understanding for Policy and Health
System Shaping
Ana Rita González 1,*, Lizbeth Alexandra Acuña Merchán 2, Jorge A. Alatorre Alexander 3, Diego Kaen 4 ,
Catalina Lopez-Correa 5, Claudio Martin 6, Allira Attwill 1 , Teresa Marinetti 1, João Victor Rocha 1

and Carlos Barrios 7

1 Policy Wisdom LLC, Quebradillas 00678-2705, Puerto Rico; aattwill@policywisdom.com (A.A.);
tmarinetti@policywisdom.com (T.M.); jrocha@policywisdom.com (J.V.R.)

2 Cuenta de Alto Costo, Cra. 45 #103 34 Oficina 802, Bogotá 110111, Colombia; l.acuna@cuentadealtocosto.org
3 Health Pharma Professional Research S.A de C.V., Av. Insurgentes Sur 662-Piso 3, Col. Del Valle,

Benito Juárez, Ciudad de México 03100, Mexico; jorge.alatorre@iner.gob.mx
4 Centro Oncologico Riojano Integral, La Rioja F5300, Argentina; dlkaen@hotmail.com
5 Genome Canada, 50 Metcalfe Street, Suite 2100, Ottawa, ON K2P 1P1, Canada; clopez@genomecanada.ca
6 Alexander Fleming Institute, Av. Crámer 1180—C1426ANZ, Buenos Aires C1426, Argentina;

cmartin@alexanderfleming.org
7 LACOG—Latin American Cooperative Oncology Group, Porto Alegre 91900-580, Brazil;

barrios@thummi.global
* Correspondence: argonzalez@policywisdom.com

Abstract

This study presents and discusses evidence on the value of biomarker testing and precision
medicine in Latin America through a health equity lens. It is essential to explore how to
harness the benefits of precision medicine to narrow the health equity gap, ensuring all
patients have access to the best cancer treatment. The methodology employed to develop
this document consists of a non-systematic literature review, followed by a process of
validation and feedback with a group of experts in relevant fields. Precision medicine
could help reduce health inequities in Latin America by providing better diagnosis and
treatment for everyone with cancer. However, its success in achieving this depends on the
implementation of policies that promote equitable access. Findings indicate that the current
policy landscape in the Latin American region is not conducive to improving access, reach,
quality, or outcome-related problems in cancer care, nor to realizing the full potential of
precision medicine. The study explores how precision medicine can advance health equity,
concluding with an analysis of the challenges and recommendations for overcoming them.

Keywords: precision medicine; biomarker testing; health equity; cancer care; cancer policies

1. Introduction
Medical science’s understanding of the molecular basis of diseases has made remark-

able advancements, leading to the development of innovative, effective, and targeted
treatments. However, these advancements have brought to the forefront issues related to
equity, access, affordability, and the allocation of precision medicine resources. It has created
new tensions in the old debate of “who gets, who pays, and who gets paid” in healthcare.

This issue is particularly pronounced in the field of oncology, given that cancer is fun-
damentally a genetic disease, with genomic technologies and targeted drug development
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radically transforming its treatment landscape. Despite the potential of targeted therapies
to effectively inhibit cancer growth with minimal harm to normal cells, challenges exist,
such as the development of treatment resistance in cancer cells and the difficulty in creating
treatments for certain targets [1].

Precision medicine is defined as an emerging approach to disease treatment and
prevention that considers individual variability in genes, environment, and lifestyle [2].
Biomarker testing is a laboratory method that uses a sample of tissue, blood, or other body
fluid to check for certain genes, proteins, or other molecules that may be a sign of a disease
or condition, including cancer. Biomarker testing can also be used to check for certain
changes in a gene or chromosome that may increase a person’s risk of developing cancer
or other diseases [3]. Biomarker testing can support the development of targeted therapy,
which is a type of cancer treatment that targets proteins that control how cancer cells grow,
divide, and spread [4]. Therefore, in the context of cancer, precision medicine involves
analyzing the genetic mutations and specific characteristics of a patient’s tumor to design
targeted therapies, relying on the use of biomarker testing. It utilizes a person’s genetic
profile to guide disease prevention, diagnosis, and treatment decisions. By analyzing
genetic mutations and specific tumor characteristics, precision medicine tailors treatments
for patients, enhancing treatment effectiveness and reducing avoidable side effects, time,
and costs involved in trial-and-error approaches [5,6].

While precision medicine has revolutionized cancer care, socioeconomic disparities
remain a significant concern, given that social and economic factors strongly influence
health outcomes and access to care. Across all income levels, health follows a social gradient;
those in lower socioeconomic positions consistently experience worse health outcomes and
more limited access to essential services, undermining equity in cancer care [7]. Achieving
health equity, which aims to eliminate avoidable differences in health among different
social, economic, and demographic groups, is imperative [8].

Ensuring equitable access to precision medicine is critical to reducing broader health
inequities and providing comprehensive cancer care for all [9,10]. In Latin America (LatAm),
cancer has a substantial impact and is one of the leading causes of morbidity and mortality.
The cancer incidence in LatAm is generally lower than in developed countries, but the
mortality is significantly higher. The cancer mortality-to-incidence ratio in 2022 for LatAm
is 0.50, compared to 0.25 in the US [11,12], indicating worse cancer outcomes in the region.
Patients are less likely to develop cancer but more likely to die from it when they do. This
is partly due to diagnosis at later stages of the disease, as well as barriers to accessing
the health system or the low quality of health systems in LatAm [13]. Projections of the
year 2030 show that cancer cases will increase by 35% in South America overall and 42% in
Mexico [14]. This situation demonstrates an enormous need for, and the significant value
of, precision medicine in the region.

There are numerous challenges to effective healthcare in LatAm, including cancer
care, which contribute to health inequities. These include but are not limited to barriers to
accessing early detection and screening programs, insufficient healthcare infrastructure, a
shortage of specialized healthcare professionals, suboptimal quality of health services, and
inequities in the availability of advanced treatments.

In essence, precision medicine has the potential to reduce health inequities in LatAm
by improving health outcomes for all people living with cancer through accurate diagnosis
and targeted treatment. However, for it to do so, it must first be implemented in health
systems and applied in a way that is intentionally equitable.

This review provides a summary of evidence for subject matter experts to discuss
and refer to in reaching a consensus on the importance and value of precision medicine
for cancer care in the LatAm region. This is an essential landmark in this emerging field
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because there has been a lack of expert consensus on this topic, a prerequisite for driving
patient access to the best available cancer treatment options and improving health equity in
LatAm. The broader consensus-building process this document facilitates seeks to discuss,
understand, and agree on how best to harness the benefits of precision medicine to narrow
the health equity gap in LatAm.

2. Objectives and Methodologies
The objective of this consensus document is to present and discuss evidence and

position the importance and value of biomarker testing and precision medicine in LatAm
through a health equity lens. It seeks to encourage dialogue on the best ways to advance
broad and deep patient access to the best cancer treatment options, with a special focus on
Argentina, Brazil, Colombia, Mexico, and Panama.

The methodology employed to develop this document consists of a non-systematic
literature review, followed by a process of validation and feedback with a group of experts
in relevant fields.

We collected and analyzed evidence at three levels: global, which includes studies,
data from around the world, and conceptual evidence not linked to a specific geography;
regional, encompassing research and reports specific to LatAm; and country-level, with
information focused specifically on five focus countries: Argentina, Brazil, Colombia,
Mexico, and Panama. The search was conducted on peer-reviewed literature, policies,
and policy recommendations by national and international organizations, on the topics of
(a) the current position of cancer care in LatAm, (b) current policy landscape and adoption
of precision medicine, (c) precision medicine and cancer, (d) precision medicine, benefits,
and health equity. These topics were purposively selected as part of a gap assessment
approach commonly used to inform action-oriented strategies. They offer a structured view
of the current state and future potential of precision medicine in cancer care, along with the
relevant policy and health system context—providing a foundation to identify challenges
and formulate recommendations for advancing equitable precision medicine in the region.

A research template for these four sections was built, and two researchers fluent in
English, Spanish, and Portuguese searched for peer-reviewed studies in these languages
that provide evidence to answer the proposed questions. Peer-reviewed studies had to
report on data from the last ten years, unless they were discussing terms and concepts.
The search was conducted on BioMed Central, PubMed, and Google Scholar between
26 February and 9 April 2024. A total of 133 papers were considered in the preliminary
literature review. These studies were selected through a targeted search covering the
four topics or dimensions mentioned above and prioritizing those that provided relevant
empirical data or policy analysis. Studies were excluded if they were outside the timeframe
(unless conceptual), unrelated to the core topics, focused solely on clinical or biological
mechanisms without policy or equity relevance, or lacking sufficient methodological detail.
Additionally, the search was conducted on official governmental, national, and international
websites to identify policy documents and reports on the policy landscape.

Experts from LatAm were selected based on expertise and academic merit, which
was assessed based on the content and quantity of relevant publications in the subject
field, affiliations, linkages to relevant medical societies, evidence of engagement and
participation in decision-making processes of cancer policy or guidelines, and records
showing that the expert is up to date with oncology care and precision medicine. Their
disciplinary backgrounds include oncology, surgery, internal medicine, biosciences, and
human genetics.

The findings from the literature review were collected, synthesized, and appraised
to ensure relevance to the topics and then organized into a working document covering
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the key topics of cancer and health equity in LatAm, the role of precision medicine, the
policy landscape, existing challenges, and recommendations to address identified gaps.
These findings were discussed and validated by seven LatAm experts during online panel
sessions held on 29 October and 12 November 2024, followed by several rounds of offline
review and calls. This manuscript was developed in parallel with the expert feedback
process and integrates key insights from both the literature and expert contributions. The
seven experts who participated throughout the process are listed as co-authors.

3. Background
Cancer is one of the leading causes of death in LatAm and the Caribbean (LAC) [15],

constituting an important public health issue and associated with high societal and eco-
nomic costs. It is estimated that between 30 and 50% of cancer deaths could be prevented
by modifying or avoiding key risk factors and implementing existing evidence-based pre-
vention strategies [16]. Furthermore, it is estimated that the cancer burden in LAC will
increase by 67%, reaching 2.4 million new cases annually by 2040 [17]. This is the result
of rapid growth, population ageing, and lifestyle and environmental factors [13]. These
figures highlight the importance of developing more stringent and targeted cancer care.
Progress in improving care increasingly relies upon the use of precision medicine, in which
biomarker testing is conducted to guide clinical decisions that can lead to better health
outcomes and quality of life for people living with cancer.

Socioeconomic inequalities exist across the cancer continuum, including exposure
to/prevention of risk factors, access to effective cancer prevention interventions, and early
detection, diagnosis, treatment, and palliative care [18,19]. Health equity for cancer is espe-
cially relevant for LatAm as this is a diverse region regarding socioeconomic, demographic,
and cultural conditions [19], with one in three people living in poverty [20]. Data indicates
that the percentage of the population living below the national poverty line was notably
high in Argentina (39.2%), Colombia (36.6%), Mexico (36.2%), and Brazil (31.6%) in 2022.
Panama had a significantly lower rate of 21.8% in 2021 [21,22].

While precision medicine and the use of omics or genomic biomarkers can potentially
improve cancer health outcomes, they are also subject to issues of health equity in access
and implementation, and these tools will either widen or narrow existing inequities [10].

3.1. Impact of Cancer in LatAm and the Caribbean

Globally, nearly 20 million new cases of cancer were reported in 2022 and accounted
for nearly 10% of the world’s total disability-adjusted life years (DALYs) registered in
2019 [12,23]. Approximately 1.5 million of these cases were reported in LAC, representing
7.7% of new cases registered worldwide [12,24,25]. Figures for LatAm would be only
slightly lower, as more than 90% of the LAC population resides in LatAm [25]. Almost
10 million cancer-related deaths were registered in 2022 globally [12], making cancer a
leading cause of death, and around 750,000 of those deaths were registered in LAC [24].
Considering that 30 to 50% of all cancer cases are preventable [16], between 450,000 to
750,000 cases could have been avoided in LAC in 2022 through lifestyle changes and
proactive health measures. The annual number of cancer cases in Latin America and the
Caribbean is estimated to increase by 85.1% between 2022 and 2050, rising from 1.5 million
to 2.9 million cases [26], highlighting the urgent need for improving care in the region.

The incidence and mortality rates underscore the significance of cancer as a pressing
public health concern globally and in LatAm, requiring comprehensive strategies for pre-
vention, early detection, and adequate treatment. Regarding absolute numbers, Brazil had
the highest cancer incidence in 2022 among the focus countries, followed by Mexico, Ar-
gentina, Colombia, and Panama. Based on age-standardized cancer incidence and mortality
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rates, Argentina and Brazil are disproportionally affected compared to Colombia, Mexico,
and Panama. Nonetheless, in all these countries, cancer represents between 8.47 (in Mexico)
and 15.76% (in Argentina) of total Disability-Adjusted Life Years (DALYs) registered in
2019 [23]. The most frequent cancers worldwide and in LAC in 2022 were lung, breast,
colorectal, prostate, and stomach [12,24]. Table 1 presents the impact of cancer globally,
regionally, and in the focus countries [12,23,24,27–31]. It is likely that these values underes-
timate the true burden of cancer in the region. The quality of national estimates depends
on factors such as the coverage, accuracy, and timeliness of recorded incidence and mortal-
ity data [17]. Furthermore, not all countries in the region have population-based cancer
registries, and those that do exhibit varying levels of quality and population coverage [32].
Finally, patients may not have access to facilities capable of confirming cancer diagnoses,
and this underdiagnosis contributes to underestimation of the actual data.

Table 1. Impact of cancer in focus countries: Argentina, Brazil, Colombia, Mexico, and Panama.

Country/
Region

Cancer
Incidence

New Cases
(2022)

Cancer Incidence
Age-

Standardized
Rate Per 100,000

(2022)

Cancer
Prevalence

5-Year
Prevalence (2022)

Cancer
Mortality

Number of
Deaths (2022)

Cancer
Mortality

Age-
Standardized

Rate Per
100,000 (2022)

Disability-
Adjusted Life

Years
and % of Total
DALYs (2019)

Global 19,976,499 212.6 53,504,187 9,743,832 109.8 251,390,451.29
9.93%

Latin America
and the

Caribbean
1,551,060 199.9 4,096,032 749,242 96.5 16,470,687.03

9.94%

Argentina 133,420 231.8 395,958 70,251 123.6 1,977,228.47
15.76%

Brazil 627,193 240.1 1,634,441 278,835 107.7 6,834,584.54
10.48%

Colombia 117,620 183.3 303,656 56,719 87.6 1,235,853.45
10.68%

Mexico 207,154 141.3 577,487 96,210 66.5 2,872,120.20
8.47%

Panama 8353 158.3 24,610 3770 71.0 99,326.00
10.32%

Source: International Agency for Research on Cancer—All cancers [12,24,27–31].

The increasing cancer burden exerts significant strain on populations and health sys-
tems at all income levels globally. The high costs of diagnosis and treatment, the need
for specialized medical professionals and infrastructure, and long-term care represent
important challenges, while the current budgetary allocation and global resource mobi-
lization are markedly insufficient [33]. It is important to note the significant economic
differences among these countries, particularly when comparing their nominal income
levels (in USD) to those adjusted for purchasing power parity (PPP), which accounts for
cost of living. In 2023, GDP PPP per capita and nominal GDP per capita were as follows:
Argentina: USD 30,082 vs. USD 14,187; Brazil: USD 21,107 vs. USD 10,295; Colombia:
USD 20,676 vs. USD 6947; Mexico: USD 24,767 vs. USD 13,790; and Panama: USD 39,803
vs. USD 18,686 [34]. Another challenge is the rising incidence of cancer among adolescents
and young adults since the 1990s. The underlying causes remain largely unassessed and
poorly understood [35,36], yet this trend has significant implications for screening, diag-
nosis, treatment, and management, and risks exacerbating the strain on health systems
and society.
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Cancer has deeply negative socioeconomic and psychosocial implications, manifesting
as direct and indirect costs and impact on life course, labor market disadvantage, social
support, physical and mental health, and social vulnerability [37,38]. A study from 2023
estimated that cancer will cost the global economy 25.2 trillion international dollars (INT$)
between 2020 and 2050, which is equivalent to 0.55% of the global GDP [39]. The same
study estimated total macroeconomic costs in 2017 INT $, using a 2% discount rate. In
LAC, costs totalled 960 billion INT$, with direct costs to health systems accounting for
approximately 12% of total costs, and lost productivity according to the human capital
approach accounting for the other 88% [39]. For the focus countries, cancer costs for the
period 2020 to 2050 in INT$ were estimated at 106 million in Argentina, 192 million in
Brazil, 91 million in Colombia, 172 million in Mexico, and 16 million in Panama [39].

Cancer has a significant negative impact on the well-being of individuals and care-
givers, including on their mental health and personal and work relationships. Quality of
life, referring to the whole, integrated state of physical, mental, and socioemotional well-
being, is an important outcome criterion in oncology [40]. Facing cancer, the wide variety
of side effects that can arise, and possible sequelae can lead to significant health-related
complaints and psychological distress [40]. The side effects from cancer treatments make it
even more important to ensure the right patient gets the right treatment at the right time. A
study in Colombia found that breast cancer patients reported worse quality of life than the
general population regarding role, emotional, cognitive, and social functioning scales [41].
Another study in this country also found worse quality of life among cancer patients than
the general population, including experiencing financial difficulties [42].

A systematic review in Brazil found that the quality of life of patients diagnosed with
cancer in the country is negatively impacted by pain, fatigue, sleep disturbances, and
depression. Patients who have medical procedures or devices such as ostomy, mastectomy,
or colostomy bags report even worse quality of life [43].

Evidence from other LatAm countries highlights the impact that different types of
cancer have on patient quality of life. For breast cancer, a study in Colombia found that fac-
tors associated with low quality of life were mammary symptoms, side effects of systemic
treatment, decreased sexual pleasure, and reduced future expectations [44]. The stage of the
disease can have a significant impact on patients, as a systematic review and meta-analysis
of breast cancer patients in LAC found that those with metastatic disease reported lower
quality of life and higher symptom burden compared to patients at earlier stages [45].
Mexican prostate cancer patients showed a negative impact on quality of life after rad-
ical prostatectomy surgery, related to incontinence and erectile dysfunction [46], while
colorectal cancer patients reported distress and post-traumatic stress [47]. Cancer exerts
tremendous physical, emotional, and financial stress on individuals, families, communities,
and healthcare systems globally [16]. Therefore, as the cancer burden continues to grow, it
is necessary to promote prevention, early diagnosis, high-quality treatment, and adequate
survivorship care. This indicates the importance of early and accurate diagnosis and more
targeted, more personalized, less intrusive treatment. Therefore, precision medicine has
the potential to avert as much suffering and cost as possible.

Cancer affects not only patients, but also their families and caregivers, who face
emotional, social, physical, and financial problems that affect their quality of life [48]. This
is especially concerning in resource-constrained countries, where the formal care system
cannot cater to all the needs of all cancer patients, leading to family members, friends, or
neighbors of patients engaging in informal caregiving [49]. Informal caregivers are the main
source of care provision for people in a situation of dependency in LatAm [50]. Informal
carers are often challenged to reconcile their work responsibilities and other responsibilities
in their personal lives with providing care [51], and they may have to reduce their working
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hours or even quit their jobs to meet care responsibilities [52], which can lead to increased
social and economic inequality.

3.2. Challenges for Cancer Care in LatAm

The significant impact cancer has on epidemiological, socioeconomic, and well-being
dimensions highlights the importance of improving access to optimal care. Cancer control
requires a comprehensive approach regarding prevention, screening and early detection,
fast treatment of new cancer cases, follow-up survivorship, and palliative and end-of-life
care, each of which requires unique activities and supporting policies [53]. There are
important challenges in LatAm that hinder the provision of cancer care, with studies
published in 2021 and 2023 discussing some of these challenges, such as delayed diagnosis
or treatment initiation, lack of access to high-cost drugs, insufficient investment in cancer
control, and nonexistent, inadequate, siloed, or inaccessible cancer registries [32,54].

Delays in cancer diagnosis and treatment contribute to the substantial burden it
represents in LatAm [55,56], with studies indicating that delays are related to financial,
geographic, and organizational barriers to access, such as fragmented healthcare systems,
poor cancer suspicion in primary healthcare (where patients spend considerable time and
there is limited access to advanced diagnostic tools), and insufficient/poor coordination
among different levels of care and healthcare providers [57,58]. The time spent on bureau-
cracy, securing specialist appointments, and diagnostic tests results in late-stage cancer
presentations, lowering the chances of effective treatment. Other aspects, such as cultural
barriers (fear of suffering, dying, and abandoning the family), stigma for some types of
cancers (particularly reproductive cancers), misconceptions about the in/curability of can-
cer, and low health literacy and cancer awareness, further contribute to delays in detection
and treatment [32]. Patients in LatAm mostly receive healthcare through public health
systems, which, compared to private healthcare in the region, have lower rates of cancer
screening, more delays in cancer diagnosis, and greater proportions of advanced disease at
presentation [59].

In fact, there are vast differences in access to and quality of cancer care across LatAm
that result mainly from insurance types [60]. This is evidenced by studies from Brazil
and Mexico, which show that patients with breast or lung cancer and public healthcare
coverage were diagnosed more frequently at advanced clinical stage than privately insured
patients [61–63]. A systematic review in LatAm also found that being covered by health
insurance was a major determinant in participating in cancer screening [64]. In addition,
most precision medicine in LatAm is delivered within the private component of local health-
care systems, as public healthcare institutions are not financially capable of covering these
advanced testing techniques and therapies [65]. Therefore, innovative anticancer drugs are
also often only accessible to those enrolled in private insurance programs [14], as evidenced
by a study in Mexico that found that eight innovative essential cancer medicines were
covered by social health insurance, but only three were covered in the public sector [66].

High-cost drugs are often inaccessible in LatAm countries. A study from 2017 found
that of 37 new cancer drugs launched worldwide between 2009 and 2013, only 17 were
available in Mexico and 10 in Brazil [14]. The availability of drugs influences oncologists’
decisions when prescribing targeted therapies [65]. When citizens are unable to access
therapies through the regular health system channels, they may resort to filing lawsuits
against the government, given that access to health is recognized as a constitutional right
in most LatAm countries. Such judicial processes are frequently used by patients to
access high-cost therapies in Colombia and Brazil [14]. A study from 2019 discussed that
the overwhelming number of healthcare-access-related lawsuits in Colombia has made
litigation an inefficient means of obtaining access to medicines, and it even delays patients’
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access to healthcare [67]. In Brazil, a study from 2020 discussed that judicialization creates
costly, unscheduled expenses, displacing budget for other sectors of the Ministry of Health,
such as the supply of drugs to primary care and the treatment of patients with sexually
transmitted infections and AIDS [68]. Despite such negative impacts, studies discuss
that the reduction in the costs of medicines from lawsuits can benefit society [68], with
judicialization representing an important mechanism for state accountability [69]. In fact, a
2023 study in Brazil found that litigation was significantly associated with improved cancer
survival rates, comparing groups that accessed certain drugs or treatments through the
court system with those that did not [70]. The discussion on the judicialization of health is
complex, and its impact on health equity is inconclusive [69,71].

Regarding investment in healthcare, considering the heterogeneity in the region and
the few comparative studies on the cost of cancer, per capita spending can provide some
illustrative information on the topic [32]. In 2018, the average total healthcare spending per
capita was USD 666 in LAC, compared to USD 4315 in the United Kingdom [32]. In terms of
cancer-specific spending in countries in LAC, on average, 0.12% of gross per-capita national
income was spent on cancer, compared to 0.51% in the UK, 0.60% in Japan, and 1.02% in
the USA [32]. The differences in investment in healthcare are also noted when comparing
country-level current health expenditure as a percentage of GDP between LatAm and
high-income countries. The WHO recommends that governments spend at least 5% of
their GDP on health [72]. In 2019, this value was 5.95% in Argentina, 6.28% in Colombia,
3.92% in Brazil, and 2.68% in Mexico, while it was above 7 in Canada, Australia, and New
Zealand, and above 9 in Germany, France, the US, and Japan [73].

Suboptimal cancer registries significantly hamper cancer surveillance and research
in LatAm, and subsequently, cancer policy planning and responses. In fact, less than
3% of the population of Central America and 10% of that of South America are covered
by high-quality cancer registries [74]. A study published in 2021 discussed that in 2020,
population-based cancer registries covered 41% of the population in Argentina, 22% in
Brazil, 13% in Mexico, and 100% in Panama. However, the quality of registries regarding
comparability, completeness, validity, and timeliness is very low [32].

3.3. Health Equity and Cancer

Health equity, defined by the World Health Organization (WHO) in the early 1990s
as “the absence of unfair, avoidable or remediable differences in health among population
groups, defined by social, economic, demographic or geographic characteristics” [75], has
long been a primary goal of public health. Therefore, healthcare is equitable when resource
allocation and access are determined by health needs [76] and when everyone has a fair
opportunity to attain their full health potential [77].

The terms inequality and inequity are sometimes used interchangeably [78], but there
are important differences between them. Inequality refers to any differences between
individuals or population groups, so it can refer to any measurable aspect of health that
varies across individuals or groups. Inequity is an ethical value and refers to differences that
are unnecessary, avoidable, unfair, or unjust. The key distinction between inequality and
inequity is that inequality simply describes differences, while inequity implies that these
differences are unnecessary, avoidable, and morally wrong. Therefore, not all inequalities
are unjust, but all inequities in healthcare stem from unjust inequalities [79,80]. A difference
in health outcomes between younger and older adults due to age-related factors, for
example, is an inequality because it reflects natural variations. However, a disparity in
access to healthcare between wealthy and poor communities, leading to worse outcomes for
the latter, is an inequity because it is unnecessary, avoidable, and rooted in social injustice.
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The origins of this research can be traced back to the early 1800s, originating from
the disciplines of sociology and political economics, and is embedded in the development
of public health [81]. In the 1940s, the WHO and the United Nations General Assembly
declared that every human being is entitled to the highest attainable standard of health, re-
gardless of race, religion, political belief, or socioeconomic status, establishing fundamental
principles for health equity [82,83].

Since the late 1970s, equity in the context of health has become a central objective
for the WHO, as attributed in the Alma-Ata Declaration of 1978, which emphasized the
unacceptable nature of global health inequities [84]. Research on health equity entered a
period of rapid development between 1991 and 2005, bolstered by the official endorsement
of the “concept and principles of equity in health” by the WHO in the early 1990s [77].
Building on this foundation, the WHO Commission on Social Determinants of Health was
formed in 2005 to provide a systematic framework for health equity studies [7].

Health equity was a cornerstone of the Millennium Development Goals and a major
milestone in the Sustainable Development Goals [85]. Today, the value of health equity is
understood to address and resolve inequalities in health outcomes, ensuring that everyone
has the opportunity to achieve their highest possible standard of health.

Robust evidence demonstrates that opportunities to be healthy depend on social,
economic, demographic, geographic, and other factors and dimensions of inequality that
vary across groups [8,86]. Even in the US, where significant resources are invested in
health and advancements in precision medicine are evident, significant inequities persist,
particularly among vulnerable populations such as Hispanic and Black communities [87,88],
especially when it comes to the use of new technologies such as genomics, genetic testing,
and biomarker analysis for precision health [10]. Access alone does not guarantee equity;
coverage must be equitable, and this remains one of the main challenges for health systems
in the region. Furthermore, there must be robust data capable of measuring trends and
access to ensure that equity is not only pursued but also effective. The features and
structures of healthcare systems significantly influence inequities, shaping how care is
accessed and delivered. Fragmented healthcare systems, such as those in LatAm countries,
often exacerbate these inequities, a reality that is frequently overlooked by decision-makers.
Therefore, achieving health equity requires intentional effort from a healthcare perspective,
alongside broader initiatives that tackle poverty, discrimination, lack of social power and
participation, and insufficient access to a range of resources, services, and conditions needed
for optimal health [86].

Empirical evidence suggests that public policy plays a central role in addressing
sources of inequity, as illustrated by targeted actions improving inequalities in access and
use of health services in the Americas [89]. A study from 2021 analyzed 32 national health
sector policies, strategies, and plans from LAC to understand how equity is being addressed
in the region, with findings indicating that almost all countries included health equity as
part of their health plan’s mission or vision, as well as addressing underlying determinants
of health [89].

Such findings provide an important opportunity to advance discussions regarding
health equity in the region. This is necessary, as the region’s health systems are deeply
fragmented and segmented, hindering the provision of quality care and overall equity
levels in health and society [90].

The WHO lists the following evidence-informed actions that are needed to improve
health equity [8]:

1. The health sector needs to ensure that high-quality and effective services are available,
accessible, and acceptable to everyone, everywhere, when they need them.
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2. Health and other sectors need to act on the wider structural determinants of health
to tackle the inequitable distribution of power and resources, and to improve daily
living conditions.

3. The health sector needs to take the lead in monitoring health inequities through
monitoring health outcomes and health service delivery, as well as working with
other sectors to monitor people’s living conditions.

The WHO also offers key examples of policies and frameworks that are supportive of
equitable healthcare. These include the following [8]:

• Redesigning health systems for equity, e.g., pooling financial resources to enhance
redistributive capacity.

• Prioritizing the primary health care approach, e.g., investment of 1% of GDP in PHC.
• Tackling structural determinants such as sexism, racism, ageism, classism, and ableism.
• Addressing harmful gender norms and gender inequalities in health policies/services/

programs, and having more women in leadership positions and decision-making
processes.

• Protecting and increasing investment in health and other social sectors (through
universal health coverage [UHC], education, and broader social protection).

• Ensuring equitable services and infrastructure in both urban and rural areas to ensure
everyone can lead healthy lives.

• Continuing to monitor health inequalities and the impact of action.

The US Centers for Disease Control and Prevention (CDC) defines equity in cancer
care as a scenario where everyone has an equal opportunity to prevent cancer, find it early,
and get proper treatment and follow-up after treatment is completed [91]. Cancer inequali-
ties refer to the unequal burden of cancer incidence, prevalence, mortality, survivorship,
financial burden, screening rates, and stage at diagnosis among different population groups
due to various factors, including socioeconomic status, race/ethnicity, geographic location,
and access to healthcare [92,93].

Specific barriers to accessing healthcare include economic, geographic, epidemiologi-
cal, and cultural factors [94]. High out-of-pocket costs for healthcare services can prevent
individuals from accessing care; those in remote or rural areas may not have sufficient
healthcare facilities or professionals available nearby, and they may fail to reach secondary
or tertiary care facilities capable of confirming cancer diagnoses; outbreaks and prevalence
of diseases can strain healthcare systems, limiting their capacity to provide adequate care
to all individuals; cultural factors can influence healthcare-seeking behavior and healthcare
provider–patient relationship; and weak health systems, including insufficient infrastruc-
ture, inefficient referral systems, a lack of healthcare workers, and inadequate supply
chains, can impede the delivery of effective healthcare services [15,95–100].

In LatAm, UHC is still lacking [101], despite it being an important policy agenda
for many countries, including those analyzed in this study [102]. Achieving universal
coverage alone does not ensure equitable access, as systemic barriers and social deter-
minants of health often hinder certain populations from fully benefiting from available
services. In fact, the concept of universal coverage can sometimes conflict with the goal of
equity. While universal coverage aims to provide access to healthcare for everyone, equity
focuses on meeting individuals’ specific needs and ensuring they are involved in decision-
making processes. Although PAHO’s definition of universal health coverage incorporates
equity—stating that “Universal health is not just about ensuring everyone is covered, but
that everyone has access to care when they need it, wherever they are” [103]—not all coun-
tries in the region that have advanced toward UHC have sufficient evidence to evaluate
whether equitable access to healthcare has been achieved in practice [102]. Healthcare
services in the focus countries are generally accessible and affordable, but there are still
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challenges in fulfilling the population’s health needs and managing the increasing costs of
healthcare [102]. Although cancer care is covered by almost all public services, high-cost
drugs are less commonly included in the public system’s bundle of services and, therefore,
often inaccessible [54].

In Argentina [104], Brazil [105], Colombia [106], Mexico [107], and Panama [108], citi-
zens have a constitutional right to health. The state must provide comprehensive, universal,
and equal access to the healthcare system by law, which may trigger judicial cases regarding
healthcare, where a lawsuit is filed against the government to obtain access to therapies.
This process can increase inequity in drug access, as only those who can afford to bear legal
costs pursue this avenue [109]. Overall, the provision of cancer care in health systems in
LatAm faces major limitations regarding access to trained healthcare professionals and
new therapies and adequate facilities for cancer care, due to inadequately distributed
budgets across locations and geographical and cultural barriers [110]. Geographic and
service-related factors, such as travel distances and waiting times, often play a determining
role in timely healthcare access [111] and represent significant challenges in LatAm. In
Brazil, for example, more than half of cancer patients are required to travel to and from
their hometowns to another city to receive treatment [112], and similar geographic barriers,
such as availability and cost of transportation, quality of roads, and long travel times, have
also been reported in studies in Argentina, Colombia, and Mexico [113,114].

Health systems should promote access to socially, culturally, and linguistically ap-
propriate, respectful, and high-quality cancer care [115], with the potential of reducing
inequalities in the occurrence of cancer and advancing the cause of health equity [116].
Promoting equitable cancer care is necessary to ensure patients can access timely and ade-
quate prevention and diagnostic services and receive optimal care, thus achieving equitable
health outcomes. This study aims to highlight the importance and value of promoting
biomarker testing and precision medicine in LatAm while emphasizing the need to ensure
health equity.

4. Literature Review
This section presents the literature review findings and is divided into Sections 4.1 and 4.2.

Section 4.1 provides an overview of the literature on precision medicine, focusing on its applica-
tion in cancer care through the utilization of biomarkers, discussing both current advancements
and future prospects for enhancing diagnosis and treatment efficacy. It is divided into sections
on precision medicine and oncology; the value of precision medicine; the policy landscape of
precision medicine and oncology in LatAm; and the value of precision medicine for health
equity. Section 4.2 presents information on challenges regarding the scientific development of
precision medicine; challenges implementing precision medicine in healthcare delivery services;
economic issues; and challenges relating to policies and regulations.

4.1. Literature Review of Precision Medicine, Its Application, Advancements, and Future Prospects
4.1.1. Precision Medicine

The US National Human Genome Research Institute offers the following definition:
“Precision medicine (generally considered analogous to personalized medicine or individ-
ualized medicine) is an innovative approach that uses information about an individual’s
genomic, environmental, and lifestyle information to guide decisions related to their medi-
cal management. The goal of precision medicine is to provide a more precise approach for
the prevention, diagnosis, and treatment of disease” [117].

Medicine has had a personalized approach since its nascence, with treatments tailored
to individuals’ unique needs [118–120]. In fact, the fundamentals of precision medicine can
be traced back to the ancient Greek era, when it was widely accepted that medicine cannot
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be generalized for everybody and the same treatment may not be suitable for everybody,
given that each body/organism is different. Thus, appropriate treatment should consider
patients’ individual characteristics, such as different health statuses and lifestyles [121].

It is vital to note that while precision medicine is inherently patient-focused, its ap-
plication is not automatically patient-centered. Patient-centered care entails delivering
clinical services that incorporate individual patient preferences, concerns, and needs, and
ensures that patient values inform all treatment decisions. The goal of patient-centered care
is to empower patients to be informed decision-makers by providing whole-person care
that is both compassionate and empathetic [122]. A 2021 study offers a framework that
shapes goals for precision medicine-based approaches to reflect patient values and shared
decision-making that is continuously refined by utilizing a population-based evidence
assessment repository to achieve personalized care [123]. The authors argue that they see
such an approach (which is gradual, evidence-based, and patient-focused) as the progres-
sion of precision medicine. The proposed “PEAR” (population-based evidence assessment
repository) framework involves customizing treatment based on tissue or receptor types
and considering patients’ preferences, characteristics, and overall health. Authors acknowl-
edge that, although initial training and infrastructure are necessary, the benefits in terms
of better outcomes, compassionate care, patient involvement, and utilization of rapidly
expanding population-based data would outweigh the initial investment. Furthermore, it
would help drive precision medicine’s evolution to tailor therapeutic treatment beyond
tissue or receptor types to therapy based on the patient’s preferences, characteristics, and
complete health state [123].

The scientific advancements in genomics, such as the completion of the Human
Genome Project in 2003 [124], and the development of next-generation sequencing that
allowed a dramatic decrease in the cost of sequencing and genomic testing [125], fostered
the development of precision medicine, as genetic markers associated with various diseases
can support prompt and accurate diagnosis, risk stratification based upon genotype, and
the capacity for tailored treatments [126]. Precision medicine became more widely known
with the “Precision Medicine Initiative,” launched in the US in 2015, aiming to personalize
medical treatment based on neurobiological differentiation. This initiative had a budget of
USD 215 million for a million-person national research cohort, including public and private
partnerships with academic medical centers, researchers, foundations, privacy experts,
medical ethicists, and medical product innovators [127].

Today, the concept of precision medicine is used in a broader sense, describing an
innovative approach to tailoring disease prevention and treatment, considering differences
in people’s genes, environments, and lifestyles [117,128].

Precision medicine is incorporated into clinical practice through various tools, such as
omics (the study of various aspects of a biological system, with genomics, proteomics, and
transcriptomics being big data), artificial intelligence (AI), and machine learning, as well as
the integration of environmental, social, and behavioral factors [129].

Genomics is the study of the complete set of DNA, including all its genes, in a person
or other organism [130]. Some omics technologies include the following [131]:

• Epigenomics: Chemical modifications of DNA, histones, non-histone chromatin pro-
teins, and nuclear RNA;

• Transcriptomics: Gene expression pattern in a cell/tissue;
• Proteomics: Proteins expressed by a biological system;
• Metabolomics: Metabolites and their fluctuations related to internal (genetic) and

external factors (environment);
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• Phenomics: Measurable physical and chemical outcomes of the interactions be-
tween genes and the environment that are experienced by individuals and influence
their phenotypes.

Behavioral and social factors, such as diet, exercise, mental health, smoking status,
and social support, as well as environmental factors, can influence health and disease and
are important components of precision medicine [132]. Genome-wide association studies
have found that the contribution of specific genes to some complex diseases, including
cancer, may be very small, highlighting the need to integrate genetic and epigenetic effects
with environmental, social, and behavioral data [133].

Essential components are needed for the incorporation of precision medicine into
clinical practice, namely data, tools and systems, regulation, and key stakeholders [134].

Due to the vast volume and complexity of data used and required for precision
medicine approaches, big data, AI, and machine learning play crucial roles in advancing
the field. They are needed for data integration and analysis, which are crucial to the de-
velopment of predictive models of disease progression, treatment response, and health
outcomes, in addition to supporting clinical decision-making [135–137]. A massive amount
of multifaceted data is needed to direct the development of new targeted drugs and ap-
proaches as envisaged by precision medicine [138]. Therefore, large-scale, detailed, and
highly integrated tools and systems are required to collect, manage, and analyze these
complex patient datasets. A clear regulatory structure is required to preserve privacy
and ensure adherence to ethics and safety in precision medicine, in addition to foster-
ing patient/provider trust and transparency around how patient data is stored, secured,
protected, and/or shared [134].

It is important that medical professionals have the necessary expertise and education
to prescribe the test and to correctly interpret the genomics profiles of their patients to imple-
ment precision medicine into clinical practice. This may require medical curriculum reforms
and training in data analysis and interpretation of precision model outputs [134,139]. Aca-
demic and research universities, public and private healthcare institutions, industries, and
governments must collaborate and play an active role in supporting the construction of a
precision medicine policy framework [140,141]. In LatAm, current regulatory frameworks
may not promptly provide patients with innovative drugs to fulfil their unmet medical
needs, due to either specific prohibitive regulations or a lack of flexibility in the regula-
tions [142]. Frameworks must facilitate quicker and safer access of patients to new drugs
and foster more effective drug development by improving scientific resource utilization
and enhancing patients’ participation [142].

The adjustment of treatments to individual or subgroups of patients is based on the
use of disease-specific biomarkers [143]. Biomarkers are defined by the WHO as “almost
any measurement reflecting an interaction between a biological system and a potential
hazard, which may be chemical, physical, or biological. The measured response may
be functional and physiological, biochemical at the cellular level, or a molecular interac-
tion” [144]. The Biomarkers, EndpointS and other Tools (BEST) glossary defines a biomarker
as a defined characteristic that is measured as an indicator of normal biological processes,
pathogenic processes, or responses to an exposure or intervention, including therapeutic in-
terventions [145]. BEST defines seven biomarker categories: susceptibility/risk, diagnostic,
monitoring, prognostic, predictive, pharmacodynamic/response, and safety.

Biomarkers may be diagnostic, prognostic, or predictive. A diagnostic biomarker
detects or confirms the presence of a disease or condition of interest or identifies an individ-
ual with a subtype of the disease [146]. A prognostic biomarker serves to predict disease
aggressiveness, reflecting patient prognosis and survival. A predictive biomarker differen-
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tiates patients who are likely to benefit from a particular treatment and patients who are
not, indicating whether a particular treatment brings clinical benefits to patients [147,148].

4.1.2. Precision Medicine and Oncology

Cancer etiology depends on complex interplays at the genomic, transcriptional, pro-
teomic, and metabolic levels; therefore, an in-depth investigation of tumors at the omics
level can help understand the complex nature of tumor biology, including tumor evo-
lution, heterogeneity, microenvironment, immune evasion, and drug resistance. Cancer
may be influenced by a combination of genetics, lifestyle, social behavior, and environ-
mental determinants of health. The CDC has recognized the importance of integrating
both social/behavioral and genomic sciences to effectively conduct precision medicine
for cancer.

Omics technologies in cancer research offer an unmatched opportunity to define cancer
biology at many pathological and molecular levels [149], playing a key role in refining the
diagnosis and recommending the treatment to the right patient.

Artificial intelligence based on big data, supported by machine learning, can be
used to mine deep-level information in genomics, transcriptomics, proteomics, radiomics,
digital pathological images, and other data, which can help clinicians to comprehensively
understand tumors. The use of big data, AI, and machine learning in oncology ranges
from detection and classification of cancer to molecular characterization of tumors and
their microenvironments, to drug discovery and repurposing, and predicting treatment
outcomes for patients [150,151].

Precision medicine has become an essential element of care for some cancers in
various countries. Several national initiatives to deliver on the promise of precision
medicine in oncology take place in the US, Australia, Israel, and higher-income coun-
tries in Europe [152,153], in which molecular profiling is available to comprehensively
characterize a patient’s tumor, aiming to unveil its genomic makeup, which can inform
the most effective treatment approach [152]. Biomarker-based precision medicine is now
often considered the preferred standard of care for patients diagnosed with cancer in some
countries, such as the US, given its value in selecting treatment for an individual patient
and assessing the treatment response [147,148].

Further, with advancements in precision medicine, there will be increased reliance on
dynamic biomarker testing across the continuum of cancer care, rather than testing tumor
specimens just once, as they can more effectively track changes in cancer as the disease pro-
gresses. Managing patients effectively will require multiple types of biomarkers, often used
in combination. Different biomarkers will be needed at various stages of the patient journey
to ensure optimal care. This will influence existing guidelines and procedures in health
services delivery, impacting health systems, payers, and reimbursement systems [148].

Biomarkers are essential to better classify patients by their probable disease risk,
prognosis, and/or response to treatment [154], thus playing a crucial role in precision
medicine. Biomarker-dependent drugs accounted for 42% of approvals by the US Food and
Drug Administration (FDA) in the year 2018, compared to 28% in 2015, 27% in 2016, and
34% in 2017 [155]. In practice, only a minority of patients currently benefit from genomic
testing to inform targeted drug treatment and targeted therapies, but this population
continues to grow as the field advances [156].

Traditionally, cancer treatment would be tumor-type-centered, based on the location
of the tumor in the body [157], but next-generation sequencing of advanced cancers has
demonstrated that the genomic alterations vary and are not fully dependent on the tumor
organ of origin, having complex and individually [158] unique genomic and immune
landscapes [157].
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The analysis of biomarkers plays a crucial role in the development of precision
medicine [159]. Predictive biomarkers are used to determine if a patient will have a higher
probability of a positive outcome using a specific drug, helping to guide treatment decisions
and optimize therapeutic strategies [160,161]. Two categories of predictive biomarkers
have been integrated into clinical practice: companion diagnostics and pharmacogenetic
biomarkers [160].

Some genetic variations play significant roles in the development of various types
of cancer [162]. The discovery of oncogenic driving genes led to the identification of
biomarkers for cancer [163–165], which in turn facilitated the development of diagnostic
tests and targeted therapies. Pharmacogenomic biomarkers can help distinguish those
who will or will not respond to a drug, prevent adverse drug reactions, and support
optimal drug dosing [164]. Up to 2024, nearly 600 pharmacogenomic biomarkers and
nearly 400 drugs with pharmacogenomic biomarkers listed in the drug labels have been
approved by the FDA [166].

Both predictive and pharmacogenomic biomarkers support the early identification
of the pathology, in choosing the most appropriate treatment, and in monitoring the
effectiveness of the treatment [167]. Some examples of predictive and pharmacogenomics
biomarkers for cancer include ALK, BRAF V600E, BRCA1/2, EGFR, EZH2, GSTP1, HDAC,
HER2, IGFBP3, and MGMT, to name a few [161,167].

Biomarkers have been widely used in clinical settings in developed countries. How-
ever, their broad application in LatAm is lagging, mostly due to costs, logistics, lab infras-
tructure, access to targeted therapies, and patient and biomedical education, as will be
explained later in this study [168,169].

Advances in molecular profiling enable genomic classification of a patient’s tumor,
leading to the development of targeted therapies, including tyrosine kinase inhibitors
(TKIs), antibody–drug conjugates (ADCs), and immune checkpoint inhibitors (ICIs) [152].
As many oncological drugs have links to genetic variations and contribute to clinical
outcomes, genetic testing is strongly recommended by medical societies in the US and
Europe as part of the standard of cancer care within guidelines or general recommenda-
tions [170,171].

Precision medicine is advancing tailored diagnosis and treatments, optimizing efficacy
and minimizing side effects. Some studies have illustrated the potential precision medicine
has to improve health outcomes and relative cost-effectiveness, with a positive impact on
health systems [172], and some small-scale observational studies have found evidence of
improved health outcomes associated with precision medicine for cancer care [173–176].
The current application and potential of precision medicine is not equal across all cancer
types [177,178]. Rather, it differs significantly due to the distinct biological complexities and
genetic and non-genetic heterogeneity inherent to each cancer [179,180]. It is not feasible
to address precision oncology in a generalized manner, and the development of precision
medicine implementation plans must reflect this.

Precision medicine approaches have been used in clinical trials to analyze patients’
circulating DNA through liquid biopsy, as well as immune markers and other biologic
features, to assess efficacy and make treatment decisions [157]. The recent and future
advances in precision medicine in cancer include biotechnological advances and promising
findings from recent clinical trials, with important research and development opportunities
and gaps to be considered.

New strategies, some of which now have a proven track record, include gene-directed
therapies and a host of immune-targeted approaches. The latter include checkpoint block-
ade, CAR T cell therapy, personalized vaccinomics, and the use of liquid biopsy [157].
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• Checkpoint blockade: A type of drug that blocks proteins called checkpoints that
are made by some types of immune system cells, such as T cells, and some cancer
cells [181].

• CAR T-cells: Therapies made by collecting T cells from the patient and re-engineering
them in the laboratory to produce proteins on their surface called chimeric antigen
receptors, or CARs. The CARs recognize and bind to specific proteins, or antigens, on
the surface of cancer cells to kill them. Currently available CAR T cell therapies are
customized for each individual patient [182].

• Personalized vaccinomics: Vaccinomics combines the fields of immunogenetics, im-
munogenomics, immunoproteomics, and basic immunology to create vaccines that
are tailor-made to an individual or groups of individuals. This broad range of omics
applications to tumor immunology includes antigen discovery, diagnostic biomarkers,
cancer vaccine development, predictors of immune response, and clinical response
biomarkers [183].

• Liquid biopsy: Emerging technology that detects genomic information in bodily fluids
and could alter traditional pathways of care for cancer. The technology is based on
growing evidence that among certain cancers, tumor cells can release DNA into bodily
fluids [184], known as circulating tumor DNA (ctDNA). ctDNA has been shown
to harbor tumor-specific abnormalities, making it useful for diagnosis, treatment
monitoring, and prognosis. It is increasingly used as a cancer biomarker, potentially
contributing to improved clinical outcomes in certain cancer types, with ongoing
clinical validation for different types of tumors, including non-small cell lung cancer
and breast cancer [185].

A study from 2018 surveyed over 2000 specialists worldwide to understand which
technologies were expected to be relevant to cancer care up to the year 2037 and found that
liquid biopsy, genetic monitoring, and molecular imaging were the most cited ones [186].

A review of recent major advances in precision medicine for cancer care and the future
implications of these advances, encompassing the end of 2022 through 2023, discussed
novel approaches to drug design. It found that the advances have resulted in new pre-
cision oncology therapies that are proving successful in addressing several previously
“undruggable targets” (target proteins whose functional interfaces lack defined pockets
for ligand interaction) in the clinic, although quantitative figures of such increases are not
presented [187].

4.1.3. The Value of Precision Medicine

This section discusses the literature detailing the benefits of precision medicine in
diagnosis and treatment, and how precision medicine helps cancer care to evolve, according
to changes in clinical practice and real-world evidence.

Recent scientific breakthroughs and technological advancements spurred by precision
medicine contribute to patient-centered care, as they improve the understanding regarding
disease pathogenesis. This changes the way diseases are diagnosed and treated, with
biomarkers and companion diagnostics enabling a shift from empirical medicine to patient-
centered, targeted medicine [188].

Precision medicine plays a crucial role in oncology by customizing prevention strate-
gies and tailoring treatments to individual patients based on their unique characteristics,
such as genetic profiles. While the potential clinical benefits of precision medicine can be
substantial, demonstrating these benefits in clinical practice can be challenging. Numerous
studies have shown that matching patients to therapies based on the genetic makeup of
their cancers can lead to improved patient outcomes, including increased progression-
free survival (the duration from treatment commencement to cancer progression), higher
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response rates, extended time to treatment failure, and overall survival across various
cancer types [189–193]. However, it is important to note that not all studies have shown
consistently positive health outcomes for every cancer type [190,191]. Additionally, some
statistically significant results may offer limited real-world applicability [189]. This em-
phasizes the necessity for ongoing investment in scientific research to fully harness the
potential of precision medicine in oncology.

The evidence of the cost-effectiveness benefits of precision medicine is more elusive.
Some studies report the cost-effectiveness of precision medicine for cancer [194,195]. Ev-
idence indicates that precision medicine is at least cost-effective compared to usual care,
but firm conclusions cannot be reached due to suboptimal study design and flaws in data
handling [194,195]. In addition, patients receiving precision oncology therapies often re-
quire parallel treatments, such as chemotherapy, radiotherapy, toxicity management, and
supportive care, which can significantly influence both the effectiveness and affordability
of cancer care. Biomarkers that predict treatment response can help personalize decisions
between modalities like chemotherapy and radiotherapy [196], while the toxicities associ-
ated with new targeted therapies must be actively managed [197]. Furthermore, supportive
care plans are essential to minimize harm and optimize outcomes, addressing not only
the tumor but the patient’s overall well-being [198]. The introduction of these parallel
therapies should be considered in the discussion on the effectiveness and affordability of
precision medicine.

Developing more robust cost-effectiveness studies is essential, with a focus on various
types of cancer, as precision medicine impacts each tumor type differently. The success
of implementing precision medicine can be demonstrated by evaluating the reduction in
costs associated with ineffective treatments and the overall cost savings associated with
precision medicine approaches [141]. Therefore, precision medicine holds enormous poten-
tial to revolutionize healthcare by significantly enhancing diagnostic accuracy, improving
treatment efficacy, minimizing adverse effects, and ultimately proving to be cost-effective
for individuals and healthcare systems alike. In addition, the use of biomarkers in precision
medicine serves to guide treatment decisions based on individual genetic, molecular, or
biochemical characteristics, thereby putting the patient at the center of care. There is an
overlap of precision medicine and patient-centered care in practice [199], as the former
leads to more clinical attention to the agency and conditions of patients. Precision medicine
aims to guide targeted therapy and preventive procedures for those who would benefit
from them, helping patients make informed decisions about their health and lifestyles,
as well as involving patients in decision-making, including informed consent for genetic
tests [199].

Biomarker testing in cancer involves profiling tumors or body fluids to detect changes
in DNA, RNA, proteins, or other biomolecules [200]. There are many potential applications
in cancer care, including risk assessment, screening, differential diagnosis, determination
of prognosis, prediction of response to treatment, and monitoring of progression of disease,
playing a critical role at all stages of the disease, and potentially even before the disease is
clinically diagnosed [201].

Genomic biomarkers have been the most successful to date, but other biomarkers,
including protein assays and transcriptomics, are being developed and tested [157]. An
increasing number of genomic tests are available in practice, including tumor genome
analysis for targeted treatment [130]. Specific clinically applicable tumor biomarkers
(e.g., HER2, EGFR, and ALK) have been used to direct treatment for patients with targeted
therapy [202]. Below are some examples of cancer biomarkers and targeted therapies
approved by the US FDA.
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• The human epidermal growth factor receptor (HER2) gene is overexpressed in
15% to 20% of breast cancers and in other cancer types such as gastric, colon, and head
and neck. Drugs such as trastuzumab (ADC), pertuzumab (ADC), ado-trastuzumab
emtansine (ADC), lapatinib (TKI), and trastuzumab deruxtecan (ADC) have been
approved by the US FDA as targeted treatments.

• Epidermal growth factor receptor (EGFR) is expressed on the cell surface, with acti-
vating EGFR mutations commonly observed in patients with adenocarcinomas with
no prior history of smoking, as well as in females and those of Asian descent, with
targeted therapies including gefitinib, erlotinib, afatinib, dacomitinib, and osimertinib
(all TKIs).

• Somatic rearrangements of the anaplastic lymphoma kinase (ALK) create common
oncogenic fusions that lead to activation of different pathways in non-small cell
lung cancer. Like HER2, ALK is a cell surface protein that regulates cell signaling
pathways, and targeted therapy drugs include crizotinib, ceritinib, alectinib, and
lorlatinib (all TKIs).

A more comprehensive list of commonly studied cancer biomarkers from different
sample types is provided by the US National Cancer Institute [200,203].

Several studies have evaluated the approval process for new cancer medicines in
LatAm countries in comparison to other regulatory agencies worldwide, such as the FDA
and European Medicines Agency, revealing a lower number of drug approvals in LatAm
and lengthy timelines for approval [204,205]. Studies also reveal limitations regarding
access to targeted therapies in LatAm, even when these are approved by national regulatory
agencies. Trastuzumab, for example, is approved in most countries in LatAm, but the drug
is not generally available in public settings for the treatment of metastatic disease [206,207].
This also applies to the incorporation of biomarker testing approval.

4.1.4. Policy Landscape of Precision Medicine and Oncology in LatAm

In this section, we provide an overview of the current regional and national policies
and legislation related to cancer, whether precision medicine is integrated into them, and
existing strategies and initiatives on precision medicine. This is important because regional
and national action frameworks signal that an issue is on the political agenda and outline
the intentions and strategies for addressing it.

Regional cancer plans act as strategic roadmaps for guiding interventions and policy
formulation within countries. National cancer plans are important tools designed to reduce
cancer incidence and mortality and improve the quality of life of cancer patients, making
the best use of available resources [208]. Therefore, the policy landscape in a region and
country plays a pivotal role in promoting advancements in healthcare, particularly through
initiatives that support improvements in diagnosis and treatment outcomes, optimal re-
source allocation, and ultimately, improved patient care and public health outcomes, all of
which could potentially be addressed by precision medicine. This section concludes with
a brief overview of the precision medicine and oncology policy landscape in the US and
Europe to provide a reference point.

At the regional level, PAHO lacks a comprehensive action plan or policy on cancer,
but has developed the following:

• Plan of Action for Cervical Cancer Prevention and Control 2018–2030 [209];
• Knowledge summaries on breast cancer [210];
• Global Initiative for Childhood Cancer Working Group for Latin America and the

Caribbean [211].
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At both global and regional levels, neither the WHO nor PAHO currently offers a
conceptual policy framework to guide the implementation of precision medicine, and the
topic has received limited attention from these international organizations.

At the national level, Table 2 summarizes the current cancer policy landscape in focus
countries. Notably, all five countries have up-to-date national cancer control plans, which
include not only strategies for clinical cancer care, but also for research and development
and surveillance efforts. The national plan for Colombia states its period of validity
is 2012–2021; rather than developing another plan once that expired, the Ministry of
Health and the National Cancer Institute decided to integrate the new Cancer Control
Plan as part of the 10-Year Public Health Plan 2022–2031 [212]. Focus countries have also
enacted legislation to support comprehensive cancer care by creating commissions for early
detection of cancer and ensuring comprehensive treatment services, forming oncology units,
and establishing/ensuring information reporting and systems. The continuous updating
and implementation of national cancer care plans is necessary to address challenges and
improve cancer care in LAC [32]. Beyond the five focus countries analyzed in this study,
it is important to note that not all LatAm countries have national cancer control plans,
nor non-communicable disease plans inclusive of cancer [213], and having a plan does
not imply it is effectively implemented in practice. Furthermore, previous analyses have
discussed that equity is not sufficiently integrated in national cancer control plans in the
region [213].

Table 2. Cancer policy landscape in focus countries and inclusion of precision medicine.

Country National Cancer Policy and Cancer-
Related Legislation

Includes
Precision/Personalized/

Individualized Medicine

Includes
Biomarkers

Includes Genetic
Markers

Argentina National Cancer Control Plan
2018–2022 [214] Yes a No No

Brazil

National Policy for the Prevention and
Control of Cancer 2023 [215] No No No

Law No. 14.238 of 19 November 2021—
Statute for Persons with Cancer [216]

Encompasses objectives aimed at
comprehensively addressing the needs of

individuals with cancer

No No No

Law No. 12,732 of 22 November 2012 [217]
Provides for the treatment of cancer patients Yes a No No

National Program to Support Oncology Care
(2012) [218] No No No

Strategic Action Plan to Combat Chronic and
Non-communicable Diseases

(2021–2030) [219]
No No No

Colombia

10-Year Cancer Control Plan 2012–2021 [220] No No No

Law No. 1388 de 2010 [221]
Ensures access to early detection and

comprehensive treatment services
No No No

Resolution No. 4496 of 2012 [222]
Organizes the National Cancer

Information System
No No No

Resolution 247 of 2014 [221]
Introduces a mandate for all health benefit

plan administrators and healthcare
institutions to report cancer patients

No No No
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Table 2. Cont.

Country National Cancer Policy and Cancer-
Related Legislation

Includes
Precision/Personalized/

Individualized Medicine

Includes
Biomarkers

Includes Genetic
Markers

Colombia

Law No. 1384 of 2010 Sandra
Ceballos [223]

Establishes comprehensive measures for
cancer control

No No No

Institutional Public Health Policy for Cancer
Control 2021–2023 of the National Institute of

Cancerology [224]
No No No

Mexico

Specific Action Program for the Prevention
and Control of Cancer 2021–2024 [225] No No No

General Law for the Timely Detection of
Cancer in Childhood and Adolescence

2021 [226]
No No No

Panama

National Strategic Plan for Cancer Prevention
and Control 2019–2029 [227] No No No

Law 154, 13 May 2020 [228]
Creates the national program of support,
prevention, and comprehensive care for

people suffering from oncological diseases

No No No

Executive Decree 382 2008 [229]
Creates the National Commission for the

Early Detection of Cancer
No No No

Resolution 291, 16 May 2022 [230]
Creates Regional Oncology Units No No No

a. Precision medicine is only mentioned, without discussing provisions for its adoption and development.

Despite all national plans of the focus countries being issued after 2018, there was
no mention of biomarkers or genetic markers in any of them, nor in supporting cancer
legislation. Regarding precision medicine, the National Cancer Control Plan 2018–2022
of Argentina states that basic, clinical, and translational research can be improved to
ensure timely diagnosis and adequate treatments, focusing on the general concept of
precision medicine [214]. The National Policy for the Prevention and Control of Cancer
2023 of Brazil has an objective to incorporate more precise and less invasive diagnostic and
therapeutic technologies [215]. The plans do not discuss precision medicine and biomarkers
in detail and do not include provisions for their adoption and development. Overall, few
countries in LAC have cancer control plans that include precision medicine because most
were developed before there was enough evidence for the clinical application of precision
medicine strategies [65]. No evidence was found to suggest that plans with a clear end
date would include precision medicine in their successor plans. The existence of national
policies and laws regarding precision medicine, or its inclusion in national cancer control
strategies, can help advance the implementation of precision medicine in oncology at the
domestic level [65]. Although not explicitly discussed in the literature, the lack of strategies
in LatAm countries can hinder the development and adoption of precision medicine.

Although no specific legislation was found for precision medicine, some strategies and
initiatives have been launched in LatAm with the goal of advancing precision medicine,
acknowledging the potential benefits it might bring to patients, healthcare providers, health
systems, and drug developers, and these are presented in Table 3.

A national precision medicine initiative was not identified in Panama or Colom-
bia. In Argentina and Brazil, projects to map the genomes of the population have been
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implemented, with the objective of creating a genomic biobank, which is an organized
form of storage for biomaterial resources and corresponding data, enhancing research
capacity, training the healthcare workforce in precision medicine, and benefiting the local
population [231,232]. The Argentinean government has also financed strategic projects
through the Ministry of Science, Technology, and Innovation that aim to advance precision
medicine, including the implementation of a second-generation massive sequencing plat-
form to improve cancer treatments, and the development of an innovative R&D platform
to facilitate the rapid translation of diagnostic products and services for oncologic clinical
treatments [233,234]. The Ministry of Science, Technology, and Innovation of Argentina
recognizes these projects as a natural consequence of recent advancements in genomic
data generation and analysis technologies, combined with medical informatics, creating a
personalized and efficient healthcare system [233].

In Mexico, the General Health Law includes provisions that ensure individuals own
their genomes, prevent genetic discrimination, mandate explicit consent for genome studies,
uphold confidentiality of genetic data, respect individuals’ preferences on genetic test
awareness, and prioritize health protection in related research and innovation [235]. In
2023, a provision was submitted to the Mexican Government to include precision medicine
under the General Health Law, promoting the use of precision medicine and genetic and
molecular research [236]. The value of these initiatives is clear, reflecting the increasing
global interest in precision medicine.

Table 3. Precision medicine initiatives in focus countries.

Country
Precision Medicine Policies,
Programs, Research Projects,

Laws
Issuing Authority Main Objectives

Argentina

Reference Program and genomic
biobank of the Argentine
population (2021) [237,238]

Ministry of Science,
Technology, and Innovation

Design, launch, and consolidate a
genomic reference biobank and
associated metadata of the Argentine
population [231].

National Biobank of Biological
Samples (2017–2019) [239]
Clinical genomics of pediatric
diseases (2018–2019) [240]
Argentine tumor genomics action
map (2018–2019) [233]
Development of a biotechnology
platform for the application of
Precision Medicine in Cancer and
Uncommon Diseases in Argentina
(2018–2019) [234]

Ministry of Science,
Technology, and Innovation

Strategic projects financed by the
Argentine government to establish a
national biobank, develop and locally
implement genomics technologies
and protocols, implement a
second-generation massive
sequencing platform to improve
cancer treatments, facilitate the rapid
translation of diagnostic/predictive
products and services for clinical
treatments in the field of cancer.

Brazil
National Program for Genomics
and Precision Health—Genomes
Brazil (2020) [232]

Ministry of Health

Establish a reference genome for the
Brazilian population, create a national
database of genomic and clinical data,
enhance scientific capacity and
intellectual capital in genomic
medicine, bolster the national
industry for genomic products, and
train the healthcare workforce in
precision health.



Int. J. Environ. Res. Public Health 2025, 22, 1220 22 of 55

Table 3. Cont.

Country
Precision Medicine Policies,
Programs, Research Projects,

Laws
Issuing Authority Main Objectives

Colombia

Law 2287—Regulates the
operation of Biobanks and creates
the National Biobank System
(2023) [241]

Ministry of Health and
Social Protection

Creates the National Biobank System
and regulates the constitution,
organization, and operation of
biobanks in Colombia for the
purposes of biomedical and
technological research for the
obtaining, use, processing, storage,
transportation, and transfer of human
biological samples, etc.

Mexico General Health Law (LGS) (Last
updated 2024) [235] Ministry of Health

Provisions ensure individuals own
their genomes, prevent genetic
discrimination, mandate explicit
consent for genome studies, uphold
confidentiality of genetic data, respect
individuals’ preferences on genetic
test awareness, and prioritize health
protection in related research
and innovation.

Panama No national precision medicine
initiative was identified

The precision medicine policy landscapes in the US and Europe are more advanced
than in LatAm and consist of different programs, plans, strategies, and initiatives to
foster the development and implementation of precision medicine. In the US, studies on
colorectal and non-small cell lung cancer have found increasing and high biomarker testing
rates among patients, although not all patients had equal access to it [242–244]. While
guidelines exist, insurance coverage of biomarker testing varies widely [245], with existing
socioeconomic inequalities in biomarker test utilization in the country [246]. In Europe,
access to biomarker testing varies across countries, with higher access in countries with
public reimbursement processes in place [247]. Northern and Western European countries
have higher investment in healthcare, and this is reflected in higher access to biomarker
testing, as well as quality, measured by participation in quality assurance schemes and
with accreditation [247,248].

The Government of the United States has launched several precision medicine ini-
tiatives, including the aforementioned 2015 Precision Medicine Initiative [127,249]. In
April 2018, the FDA issued two final guidelines to streamline next-generation sequencing-
based tests [128]. The US National Cancer Institute has launched initiatives to support
cutting-edge genomics research on adult and pediatric cancers to synthesize research in
different fields of cancer genomics (structural, functional, and computational), improve
patient outcomes, manage the enormous volumes of data generated by genomic characteri-
zation studies, compile information on clinical trials in precision medicine, and conduct
research to facilitate discovery of molecular targets and translate those findings into the
clinic [250,251]. The National Institutes of Health (NIH) aims to build a national research
cohort of one million or more US participants [252] and also manages the Transdisciplinary
Collaborative Centers for Health Disparities Research Program, which aims to explore the
potential for precision medicine to promote health equity and advance the science of mi-
nority health and health disparities [253]. Other initiatives include consortiums, coalitions,
and programs that promote the implementation of precision medicine [249].
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Europe rapidly became a global leader in precision medicine due to centralized poli-
cies, extensive programs, and significant funding [254]. Key European Union-level policies
focus on ensuring public health protection, covering standardization of medical practices,
big data and information and communication technology, data sharing and cross-border
interoperability, eHealth, innovation, healthcare sustainability, disease prevention, and
patient engagement. Some European countries address precision medicine in their national
regulations, plans, or strategies, aligned with the European Commission [254]. Italy ad-
vanced precision medicine through national plans on public health genomics and omics
sciences, while the UK focused on genomics, personalized prevention, and citizen engage-
ment. Estonia pioneered precision medicine implementation with innovation strategies
and biobanking. Sweden, Denmark, and Finland emphasized genomics, biobanking, and
data reuse, converging on eHealth and in the integration of genomics with data from
registries and biobanks. Luxembourg and Spain have included precision medicine in
their national strategies, including the importance of genomics and big data in health,
data-driven healthcare, precision medicine training, and implementation of predictive
medicine [254].

Figure 1 below presents a timeline of key milestones in the US, EU, and LatAm for
precision medicine, genomic sequencing, and related initiatives. It shows the value and
advantage of having a regional body oversee and drive the advancement and uptake of
precision medicine and its related initiatives. Consider that even when a LatAm country
(usually Brazil, sometimes Mexico, and in one instance, Argentina) experiences a milestone,
it is only one of 33 countries in the region. Conversely, when the EU experienced a milestone,
it propelled all 27 EU Member States (+/− other countries in the EEA and the UK—an EU
member until 31 January 2020—that participate in, observe, or reference EU initiatives and
regulations) simultaneously. Specifically, it shows that in 2015 and 2016, the US and the EU
launched initiatives to fund and support research on and promote personalized medicine.
No such region-wide or national-level initiative exists in LatAm to date.

Initiatives across Asia further demonstrate approaches to implementing precision
medicine, which can serve as lessons for LatAm. In Thailand, a national initiative of
genomics research (Genomics Thailand) emerged through a collaborative effort of govern-
mental bodies such as the Health Systems Research Institute; Ministry of Higher Education,
Science, Research, and Innovation; Ministry of Public Health; and Thailand Center for
Excellence for Life Science, with the goal of establishing a comprehensive, population-
level genome database and to facilitate the integration of genomics into national health
policies [255].

In Singapore, the National Precision Medicine initiative is a whole-of-government,
ten-year initiative, launched in 2017, that aims to establish precision medicine as a peak of
research excellence for the nation, ultimately improving its health by identifying clinical
applications that are cost-effective, sustainable, and relevant to Singapore’s communities.
Key objectives include establishing a central coordinating entity, implementing population-
scale genomics, developing robust governance frameworks for the responsible use of
precision medicine, and creating innovative clinical pathways [256].

In Indonesia, although there is not a comprehensive legal framework on genomics
yet, a decree of the Minister of Health of the Republic from 2022 concerns the implemen-
tation of the Biomedical Genome-Based Science Initiative for Precision Medicines and
the Development of Genomics-Based Health Services for Certain Diseases, which carries
out registry activities for patients with certain diseases, regulates biobanking, organizes
the management of human whole genome sequencing examinations in Indonesia, and
organizes the development of precision medicine [257].
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PRECISION MEDICINE 
APPROVED  

SEQUENCING OF POPULATION 
GENOMES  NEXT GENERATION SEQUENCING  INITIATIVES  

 United States - Trastuzumab 
(Herceptin) approved by the FDA.i  

  
Europe - Trastuzumab (Herceptin) 
approved by the EMA.ii  
LatAm - Trastuzumab (Herceptin) 
approved by COFEPRIS (Mexico).iii  

United States - Human genome 
projectiv   
Project launched in 1990 and 
completed in 2003, to map the entire 
human genome.  
Who: National Human Genome 
Research Institute  

                 
1996  1997  1998  1999  2000  2001  2002  2003  2004  2005  

                  

  LatAm - Trastuzumab (Herceptin) 
approved by ANVISA (Brazil).v    

United States - Imatinib (Gleevec) approved by the FDA.vi  
Europe - Imatinib (Glivec) approved by the EMA.vii  
LatAm - Imatinib (Glivec) approved by ANVISA (Brazil).viii  

  
United States - Illumina's MiSeqDxix  

FDA has granted marketing authorization for the first high-throughput (next-generation) genomic 
sequencer, Illumina's MiSeqDx, which will allow the development and use of innumerable new genome-

based tests.  

Europe - 
Pembrolizumab 

(Keytruda) approved by 
the EMA.x  

                   
2006  2007  2008  2009  2010  2011  2012  2013  2014  2015  

                  
      United States - Pembrolizumab (Keytruda) approved by the FDA.xi   

 
United States - The Precision Medicine Initiativexii  

Goal: Develop personalized medical treatment based on neurobiological differentiation.  
Who: Department of Health and Human Services, the NIH, the FDA, and the Office of the National Coordinator for Health 

Information Technology  
  

Europe - International Consortium for 
Personalized Medicinexiii,xiv  
Goal: Funding and supporting research initiative and 
promoting personalized medicine.  
Who: 30 European and international members, 
representing research funders and policymaking 
organizations. 

LatAm - Genomas Brasil (Brazil)xv  
Project launched in 2020 to map the 
genomes of population to increase the 
understanding of the connection 
between genes and various illnesses, 
the accessibility to more precise 
diagnoses, and to predict diseases 
and customize treatments.  
Who: Federal Government of Brazil  

LatAm - General Health 
Law (Mexico)xvi 
Precision medicine 
included in the General 
Health Law, namely 
through provisions that 
include genome data 
protection.  

  

                 
2016  2017  2018  2019  2020  2021  2022  2023  2024  2025  
                

LatAm -   
Pembrolizumab 
(Keytruda) approved by 
ANVISA (Brazil).xvii  
Pembrolizumab 
(Keytruda) approved by 
COFEPRIS (Mexico).xviii  

  
Europe - 100,000 Genomes Project 
(UK) xix 
Initiative launched in 2012 and 
completed in 2018 that sequenced 
over 100,000 genomes from around 
85,000 NHS patients affected by rare 
disease or cancer.  
Who: Department of Health and Social 
Care  

LatAm -  
PoblAR project 
(Argentina)xx 
Project launched in 2021 
to form a genomic 
reference biobank and 
associated metadata of 
population.  
Who: Ministry of Science, 
Technology, and 
Innovation  

  

Europe -   
Genome of Europexxi  
Initiative launched in 
2024, in which all 
countries involved will 
generate, via whole 
genome sequencing, a 
national genomic 
reference dataset based 
on their own national 
population, including 
both healthy and 
diseased individuals.  
Who: European 
Commission  

Figure 1. Timeline of key milestones of precision medicine in the United States, Europe, and LatAm.
Sources: i. [258]; ii: [259]; iii: [260]; iv: [261]; v: [262]; vi: [263]; vii: [264]; viii: [265]; ix: [266]; x: [267];
xi: [268]; xii: [127]; xiii: [269]; xiv: [270]; xv: [271]; xvi: [235]; xvii: [272]; xviii: [260]; xix: [273]; xx: [231];
xxi: [274].
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In Malaysia, a national guideline on medical genetics service and/or genetic testing
provides some degree of ethical oversight on the use of genetics in healthcare. In addition,
medical societies promote awareness campaigns related to targeted oncology therapy for
some types of cancer [275]. Finally, the regional research group Southeast Asian Phar-
macogenomics Research Network has been established since 2012, including eight Asian
countries, with the goal of enabling and strengthening pharmacogenomics research in the
region [276].

In Africa, the H3Africa Initiative, funded by the National Institutes of Health (NIH)
and the Wellcome Trust, supports innovative research into the genetic and environmen-
tal factors underlying diseases affecting African populations. Beyond funding research,
H3Africa is enhancing research infrastructure by strengthening institutional capacities and
establishing biorepositories to store biospecimens as shared resources. The consortium,
which spans over 30 of Africa’s 55 countries and includes more than 500 members, has also
developed robust policies for sample and data sharing to promote collaboration and maxi-
mize the impact of its findings, serving as an example of coordination and capacity-building
across countries to advance genomics and genetics [277,278].

4.1.5. How Precision Medicine Can Enable Equitable Cancer Care

This section presents literature relating to how precision medicine can promote health
equity and the importance of equitable access to precision medicine. It highlights important
factors to be considered to ensure that its potential impact can be harnessed.

It is important to note that precision medicine and health equity share a fundamental
principle: providing patients with the specific care they need, rather than providing the
same type of care for all, and both frameworks recognize that individuals’ health needs
are shaped by unique biological, environmental, and social factors. Therefore, when made
accessible to all, precision medicine has the potential to help deliver on the principles of
health equity.

In practice, however, there is a lack of evidence detailing what countries with more
advanced precision medicine landscapes have done to improve access. Most literature is
theoretical, pointing to how precision medicine could increase health in/equity, rather than
evidence-based studies and official data showing how different initiatives can narrow or
widen the gaps in access and health outcomes. Table 4 presents three examples of initiatives
that aim to ensure equitable access to precision medicine (but for which there was no
evidence of outcomes), which could serve as useful guides for LatAm countries.

Table 4. Initiatives that aim to ensure equitable access to precision medicine.

Country Initiative

Sweden

The Genomic Medicine Sweden (GMS) was a bottom-up initiative set
in 2017 that gathered a multiprofessional workforce of diagnosticians,
clinicians, researchers, and informaticians to coordinate the
implementation of genomic-based PM into Swedish healthcare. GMS
has established regional Genomic Medicine Centers at all university
hospitals across Sweden, stimulating the uptake of genomic-based
diagnostics, developed by GMS together with the Swedish research
infrastructure Science for Life Laboratory, and supporting equitable
access to genomic-based PM across Sweden for patients with rare
diseases, cancer, infectious diseases, and complex diseases [141].
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Table 4. Cont.

Country Initiative

England

The NHS Genomic Medicine Service was launched in 2018 and aims
to support equitable access to genomics across the NHS in England
and provide standardized care across the population, through
workforce development, the Genomics Clinical Reference Group, and
working with communities and patient groups [279].

US

The All of Us initiative of the NIH recruits participants from diverse
backgrounds to improve the makeup of biobanks, considering that
nearly all biospecimens used in research come from people of
European ancestry. AoU has partnered with Federally Qualified
Health Centers, which is a type of community health center whose
patient base is comprised largely of people who are uninsured,
underinsured, or on Medicaid [280]. In 2016, the US Congress
allocated USD 1.5 billion for this program over ten years, subject to
an annual appropriations process.

Despite the absence of definite outcomes reported in the literature, precision
medicine has demonstrated the potential to improve health outcomes with relative cost-
effectiveness [101], meaning that the potential for improved care due to the adoption of
personalized medicine could prove beneficial and outweigh the challenges it faces [281].
Many actions required to prescribe precision medicine treatments occur in reference labs,
involving the logistics of moving only samples, rather than patients. The implementation
of PM does not require laboratory infrastructure in each city, but it does necessitate the
development of a service infrastructure with access to experts through partnerships, the
ability to transport samples and conduct tests, and the presence of centers of excellence.
Thus, the logistical and financial barriers to delivering care could be lower, making it easier
to reach those who are most disadvantaged, as opposed to using other therapies that require
in-person testing, more expensive equipment, and complicated processes. Furthermore,
the challenges remain the same as those for other therapies, but with the added benefit of
greater response rates for targeted therapies.

The impact of inequitable reach and quality of cancer care manifests as disparate
cancer outcomes in LatAm. People on low incomes, with low levels of education, from
ethnically diverse backgrounds, and/or living in rural areas experience disproportionate
disease burden and lower survival [282]. In addition, lower education levels are associated
with lower health literacy, which negatively impacts the acceptability of precision medicine
approaches and consequently, their uptake [283]. Precision medicine has the potential to
improve care quality and cancer outcomes better than traditional approaches because of
its targeted nature. That is, precision medicine is concerned with the biology of a person
rather than a person’s socioeconomic status.

The use of genomic data and AI can support oncologists’ prognostication and therapy
response predictions through optimizing, harmonizing, and adopting digital solutions
in electronic health records, and can potentially promote equity by reducing differences
in quality of healthcare decision-making, improving case management, and increasing
uptake of novel treatments [59,284]. Artificial intelligence can also be integrated with
telemedicine to enhance healthcare access in remote areas [285]. For AI to be effective, high-
quality data, data sharing, and a robust ethical regulatory framework are essential. These
measures help prevent health inequities by ensuring that AI systems do not perpetuate
biases present in the data [286]. In LatAm, AI is still in the early stages of implementation,
with some studies being conducted with the aim of improving its performance in the
region [59,110]. The future of precision medicine will rely heavily on AI and machine
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learning, which are crucial for analyzing the vast amounts of genomic data currently beyond
our capabilities. Precision medicine also presents opportunities for addressing health equity
issues without stigmatizing individual patients, as it uses aggregated biological and genetic
non-identifiable data to advance medicine in the diagnosis and treatment of diseases [281],
eliminating any potential for bias based on race, religion, or socioeconomic status.

Despite its potential, the ways in which precision medicine will either address or
exacerbate equity challenges overall are still not clear [282]. What is clear is that a policy
framework is needed to guide intentionally equitable uptake of precision medicine, or we
risk a future where precision medicine not only fails to address existing health inequities
but could potentially exacerbate them.

Access to prevention, diagnosis, treatment, and care includes a combination of psy-
chosocial and structural factors, such as availability, accessibility, and acceptability. Some
groups experience lower access to and utilization of health services and specialty care,
including genetic services, leading to lower rates of diagnosis, suboptimal care, and worse
health outcomes [10]. Healthcare systems in LatAm are characterized by a lack of coverage
for populations excluded from social security or other public financing mechanisms [287].
There is unequal access to precision medicine between the private and public health systems,
with more precision medicine taking place in the private sector [169], further accentuating
healthcare inequities due to socioeconomic levels [101].

Healthcare systems require adequate infrastructure, resources, optimal regulations,
and scientists with experience in precision medicine technologies to implement it in prac-
tice [110]. In addition, systems must be equipped with multidisciplinary teams comprised
of clinicians, pathologists, molecular specialists, and others, all working together in a highly
coordinated clinical setting for the adequate implementation of precision medicine and
companion diagnostic testing. In Brazil, for example, such integrated teams are usually
unavailable due to the short supply of both financial and human resources [288]. Strategies
must be implemented to bring awareness and education to public and private payers on
the potential benefits of precision medicine, to help build the case for improved availability
and an efficient drug approval process [288].

Innovative technologies can promote health equity given their enormous potential
to improve human well-being [289]. For that to be realized, innovation must have equity
at its core, where the goal is to improve outcomes for all groups [290]. However, the
introduction of innovations is subject to barriers regarding uncertainties around production
costs, development, availability, and economic difficulties for their incorporation into health
systems. In Brazil, for example, these issues are exacerbated by supply, distribution, and
access inequalities for cancer diagnosis and treatment services and technologies [291].

Conditions of reimbursement of health systems play an important role in access to
precision medicine tools, such as molecular testing. In Brazil and Colombia, for example,
private and public healthcare systems only reimburse germline genetic testing ordered
by certified geneticists, genetic counselors individually, or as a part of a multidisciplinary
tumor board, which imposes an additional challenge given the shortage of these specialists,
as reported in a study from 2019 [101], and can promulgate inequities. In Brazil, a review
from 2023 indicates that the presence of specialized personnel can be an advantage for
the implementation of NGS technologies in the country, but there is a lack of specialized
personnel to deal with the complexity of the data management required for precision
medicine. In fact, there are significant limitations on the interpretation of NGS tests by
community oncologists or general physicians, and this is also a challenge in more developed
countries [292]. As previously stated, in Brazil and Argentina, where the state must provide
comprehensive access to healthcare by law, patients may use litigation to access drugs,
which can also increase inequity in treatment access, as lower-income citizens cannot afford
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the legal costs [109]. The literature on Panama’s experience with the judicialization of the
right to health is scarce [293], but there is evidence of cases where the duty of the State in
medical and health care was brought to court [294].

The introduction of innovative technologies and approaches, such as precision
medicine in cancer, depends on the health systems and regulatory aspects of the policy
landscape. In the case of lung cancer in LatAm, access is hindered by a very bureaucratic
drug regulatory approval process, expensive targeted therapies, and a lack of widespread
access to genetic diagnostic tools [295,296].

Editorial and comment pieces published in the Nature journal in 2021 have discussed
the need for a health equity agenda in genomics research [9,297]. The discussion regarding
health equity encompasses the need to address the underrepresentation of minority and
ethnic populations in genomic research, as diverse racial and ethnic backgrounds are
needed in precision medicine studies to produce robust evidence [87]. Further, the lack of
representation in the data used to build precision medicine models is likely to limit their
impact in the real world, particularly for diverse populations, such as those in LatAm [9].
Cancer clinical research must be oriented to establish cancer biomarkers adapted to specific
populations according to their ethnicity, allowing the improvement of patient outcomes.
However, to ensure that precision medicine can lead to improved health outcomes for all
segments of the population, a health equity agenda needs to go beyond basic and clinical
research [10].

Patient organizations and healthcare professionals acknowledge that precision
medicine should take into consideration that access equity, and evidence of diagnostic
accuracy and improved clinical outcomes, come with risks of overpromising and under-
performing [129]. The implementation and adoption of precision medicine requires the
alignment of appropriate education, data systems, coverage and reimbursement policies,
health system processes, and health policies [298].

International scientific evidence of clinical validity and utility of precision medicine
is needed to inform the necessary local calculations of cost-effectiveness to guide reim-
bursement procedures [299]. Robust cost-effectiveness studies are lacking in LatAm, and
the fragmentation of healthcare systems adds significant complexity to conducting this
type of research. However, analyzing the cost-effectiveness of precision medicine at both
regional and national levels is crucial to identify which interventions are feasible according
to resources and health systems context [59]. It must be highlighted that, while most
references are peer-reviewed, evidence gaps remain, either due to limited data from certain
countries or regions or due to publication bias. In the field of precision medicine and
biomarker research, this bias can distort the scientific literature, overstate progress, and
ultimately influence research priorities and clinical decision-making, which may affect
patient care [300]. The implementation of precision medicine will depend on its ability
to demonstrate and convince decision-makers of its value, and whether payers and con-
sumers are willing to pay for targeted therapies. There are still challenges in assessing the
value of precision medicine relative to its costs and whether payers should reimburse for
testing [298]. Which payers (private and/or public) decide to pay for precision medicine
will have a huge impact on how equitably its associated benefits are distributed in society.

4.2. Literature Review of Policy Gaps and Challenges Implementing Precision Medicine in LatAm

Evidence indicates that precision medicine is a powerful approach to improving cancer
prevention, diagnosis, and treatment, with further potential benefits being possible as the
field advances. However, there are challenges and barriers to the adoption of precision
medicine for cancer in LatAm that must be considered when envisaging the potential
impact it can have on cancer care. Based on the literature, both from a policy and scientific
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perspective, challenges and barriers can be categorized into those related to (1) scientific de-
velopment of precision medicine, (2) capacity to implement precision medicine in healthcare
delivery services, (3) economic barriers, and (4) policies and regulations for implementation
of precision medicine. Below, we present key policy gaps and challenges related to the
uptake and equitable application of precision medicine in LatAm from the perspective of
these four categories.

4.2.1. Challenges Regarding Scientific Development of Precision Medicine

The overall cancer profiles in LatAm countries vary significantly due to genetic mix-
tures between ethnic groups and different lifestyles among populations [13], given that
somatic and germline mutations have a great impact on cancer prognosis and/or response
to therapy [13]. The genetic heterogeneity of LatAm’s population can complicate the
implementation of precision medicine in the region [169], given that precision medicine
relies heavily on data, analytics, and genetic information [298]. On the other hand, it
may represent a good argument for implementing precision medicine in the region, as the
heterogeneity of the population could drive its adoption.

The genetic sequencing of patients in different countries and regions is necessary to
properly characterize variations and biomarkers, and consequently, the development of
new pharmacogenomic therapies specific to certain populations [13,301]. An analysis from
2016 indicated that less than 4% of samples analyzed in genome-wide association studies
conducted up to that year were from individuals of African and Latin American ancestry,
Hispanic people, and Native or Indigenous peoples [302]. In addition, there is scarce
representation of Latin American patients in biobanks [303]. The lack of representation
among biomedical research participants limits both the generalizability and availability of
genomic-based treatments or prevention strategies [304]. Diagnostic/therapeutic strategies
should be adapted to each population and take into consideration the relationship between
ethnicity and types of biomarkers in each population [13,169], but the lack of genomic
representation of LatAm populations in studies [169] represents a challenge for precision
medicine efforts. Furthermore, the underrepresentation of LatAm communities and lack
of representation in international databases could potentially serve as a justification for
decision-makers to refrain from implementing precision medicine in the region.

Clinical trials are essential to understand the effectiveness and safety of targeted ap-
proaches, ultimately advancing the field of precision medicine. However, the number of
oncology clinical trials related to targeted therapies and molecular profiling in cancer in
LatAm is drastically lower than in Europe and the US [65,305]. Most oncology trials in
the region have been sponsored by pharmaceutical companies, and clinical investigation
commonly grants access to both standard and experimental drugs [109], which highlights
the need for increased funding from governments and relevant foundations [305]. On a
positive note, LatAm does have some modern medical facilities, well-trained investiga-
tors, and premier research groups, with large academic centers in international research
collaborations [109], which can contribute to capacity-building for high-quality research
participation in the region.

Recent clinical trials with targeted therapies have shown promising response rates.
However, as patient selection becomes increasingly precise, biomarker-positive populations
can be very small, limiting the potential number of patients that would benefit from the
most effective targeted therapies for specific tumor types, leaving most patients without
access to such treatments [178]. Patient selection and biomarker testing standards must
adapt, together with clinical trial designs, as the complete genomic landscape of a tumor or
the evolutionary plasticity of solid tumors are not often considered [306]. Future research
and development should prioritize enhancing the sensitivity and specificity of existing
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cancer diagnostic methods, identifying cost-effective alternatives, integrating multi-omics
data preclinical experiments and clinical trials, and validating emerging techniques to
establish their efficacy in cancer detection [178,307].

It must be acknowledged that despite the growing number of recent clinical trials of
targeted therapies that have shown promising response rates, it is still hard to demonstrate
the clinical benefit of precision medicine across all cancer types, with findings of studies
indicating minimal gains, or with limited practical implications to factors such as small
effect sizes, variability in study design, or differences in patient populations [189–191].

Biomarkers’ adoption in clinical practice faces challenges, meaning they are not widely
implemented, nor is their development the same across cancer types (e.g., the development,
regulatory approval, and clinical implementation of biomarkers are significantly more
advanced for breast cancer than for pancreatic cancer) [308,309]. The development and
validation of biomarkers is scientifically and economically challenging, and it is difficult to
implement any biomarker in clinical practice, which is partially due to tumor heterogeneity
and inter-laboratory differences in pre-clinical findings [147]. It is particularly challenging
to identify those biomarkers that reliably predict specific disease-related clinical outcomes
based on clinical applicability, given that diseases are heterogeneous and complex, and
it may not be possible to find one surrogate endpoint for each disease [310]. Biomarker
research focuses on two aspects: clinical validity and clinical utility. Clinical validity refers
to robust evidence demonstrating that a tumor biomarker test can stratify a population into
distinct groups based on biological or clinical outcomes, with statistical significance [311].
For example, in genetic testing for multiple endocrine neoplasia type 2 (MEN2), clinical va-
lidity refers to robust evidence demonstrating that testing for RET mutations can accurately
stratify a population into distinct groups based on their risk, with statistical significance,
enabling early detection of affected family members before symptoms develop [312]. In
contrast, clinical utility is established when high-quality evidence shows that using the
tumor biomarker test improves clinical outcomes or achieves equivalent outcomes at a
lower cost or with reduced toxicity [311]. For example, in genetic testing for multiple
endocrine neoplasia type 2 (MEN2), it refers to the risks and benefits resulting from genetic
test use, in which RET mutation testing provides a means to identify individuals who
would benefit from preventive surgery [312].

However, prospective trials to gather clinical utility data are time-consuming and
costly. Consequently, there are fewer approvals based on trials where determining the
clinical utility of a specific tumor biomarker test is the primary objective [311].

Biomarker testing reports must be interpreted by an expert or a team of experts (in-
cluding medical oncologists, surgical oncologists, pathologists, basic scientists, pharmacists,
clinical nurses, physician assistants, and genetic counsellors) to select the optimal treatment
to be prescribed and administered to the patient. In addition, treatment decisions consider
coverage and reimbursement aspects [148,313–315].

The use of biomarkers to guide treatment decisions faces challenges, such as insuf-
ficient tumor tissue for analysis, prohibitively long turnaround times, and inconsistent
availability of results [314]. Nonetheless, biomarkers have been increasingly included
in different therapeutic areas within FDA- and EMA-approved drug labeling [316,317],
indicating that their incorporation in clinical practice is increasing despite these barriers
and challenges.

4.2.2. Challenges Implementing Precision Medicine in Healthcare Delivery Services

Overall, the provision of cancer care in health systems in LatAm faces major limitations
regarding access to trained healthcare professionals, access to new therapies, and adequate
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facilities for cancer care, due to inadequately distributed budgets across locations and
geographic and cultural barriers [110].

One of the main challenges associated with the capacity to implement precision
medicine in healthcare delivery services is the limited availability of adequate infrastructure
and trained human resources to perform genetic testing and molecular profiling and to
interpret results. There is a limited number of certified laboratories that perform such
tests [65] and a lack of specialist oncologists trained to perform and interpret advanced
molecular tests due to a lack of trained personnel and scarce bioinformatics support [168].
Efforts are needed to harmonize laboratory standards and establish comprehensive training
programs for preparing the next generation of laboratory professionals [65].

The interpretation of biomarker testing reports poses significant challenges [314],
highlighting a critical need for improved physician education in this area. Understanding
the specifics of the available tests, selecting the most appropriate test for a given clinical
scenario, and accurately interpreting the results are essential competencies for healthcare
providers. These skills are often lacking and represent key unmet needs.

The adequate implementation of precision medicine and companion diagnostic testing
requires a multidisciplinary team comprised of clinicians, pathologists, molecular special-
ists, and others, but such teams are usually unavailable due to the short supply of both
financial and human resources [288]. For example, genetic testing is available in Brazil, but
its use is greatly restricted, as only some laboratories have the human or technical resources
to perform high-quality testing [288]. In 2010, the CDC defined genomic competencies
required from healthcare workers, and one of them is to “Identify the role of cultural, social,
behavioural, environmental and genetic factors in development of disease, disease preven-
tion, and health promoting behaviours; and their impact on medical service organization
and delivery of services to maximize wellness and prevent disease” [318].

Precision medicine requires a stable logistical infrastructure for the cost-effective and
efficient transport of biological samples to molecular laboratories, but these are usually
lacking [168]. Tests are often sent abroad for analysis [168], with data being kept on the
laboratories conducting the testing. Furthermore, laboratory infrastructure and specialized
oncologists are mostly concentrated in urban centers [169,319]. These issues hamper
the equitable implementation of precision medicine for cancer in the region [319]. The
implementation of precision medicine is also hampered by insufficient funding for the
development of computing, AI, and machine learning to support clinical judgment and
managing processes, both of which require improvements in health workforce capacity-
building [59].

Finally, significant challenges remain regarding data reliability and the notable short-
age of information on cancer care and control in the region. Many countries lack population-
based cancer registries and adequate histopathological reporting systems, limiting access to
accurate epidemiological data, which hinders efforts to understand the true cancer burden,
plan effective control measures, and develop strategic policies for resource allocation. The
registries are crucial for understanding the cancer burden and planning effective control
measures, as they provide essential data for strategic cancer management [32]. Reliable
data, including tumor information and cancer prevalence, is important to justify robust
health policies and guide decision-making processes, thus impacting the implementation
of precision medicine. In fact, the development of precision medicine could be an incentive
for such countries to develop/strengthen their registries. LatAm also faces a significant
lack of data on the use of genetic tests, such as who is using them, where, how, and for
what purpose. Similarly, there is little information about precision medicine projects and
studies in the region, including details on who is conducting them, their focus areas, and
funding sources.
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4.2.3. Challenges Regarding Economic Issues

There is an issue of equity in access to molecular diagnosis and treatment in LatAm,
due to costs [319]. Most low-income populations have limited access to cutting-edge
genomic technologies and to next-generation anti-cancer targeted drugs, mainly due to
unaffordability. Healthcare systems in LatAm are characterized by a lack of coverage for
populations excluded from social security or other public financing mechanisms [287], with
fragmented and under-financed public health systems leading to healthcare inequities due
to costs [319].

Under-financing of public health systems leads to inequalities in access to precision
medicine between the private and public health systems, with incorporation of precision
medicine taking place in the private insurance sector [169], further accentuating healthcare
inequities due to socioeconomic levels [101]. For instance, the two-tiered healthcare delivery
system in Brazil hampers effective and equitable implementation of precision medicine in
cancer, as there is a discrepancy in tests and treatment available between people covered by
the private and public healthcare sectors [288].

Conditions of reimbursement play an important role in access to precision medicine,
and therefore, in the equitable uptake of it [65]. Therapeutic options are not often reim-
bursed, leaving patients to face very high out-of-pocket costs [101]. Regarding molecular
testing, private and public healthcare systems in Brazil and Colombia only reimburse
germline genetic testing ordered by certified geneticists, genetic counselors individually, or
as a part of a multidisciplinary tumor board, which poses an additional challenge given the
shortage of these specialists [101]. Regarding tumor testing, the absence of national proto-
cols for tumor tissue handling that adapt the ASCO/CAP recommendations to the national
realities in LatAm challenges the standardization of collection, handling, transportation,
and processing of specimens [101]. Further economic challenges that limit the implementa-
tion of precision medicine in the region relate to the costs of required infrastructure and
drugs, despite the potential cost savings related to positive health outcomes [101]. Oncolo-
gists hesitate to prescribe targeted therapies because health insurance does not always cover
them [65]. This is a common challenge, with oncologists questioning the value of testing
when the treatment is either unavailable or unaffordable for the patient. Furthermore, costs
of precision oncology drugs are usually perceived as higher than non-targeted drugs [65].
These arguments can be countered by emphasizing that selecting the right treatment for the
right patient reduces the number of individuals receiving unnecessary therapies, minimizes
toxicities, and improves outcomes. However, to strengthen this point, it must be supported
by robust evidence and clear examples.

High-cost drugs are often inaccessible in LatAm countries, and patients often face
out-of-pocket costs [101]. Cancer drugs usually have a higher price in many low- and
middle-income countries when compared with higher-income nations [320], or, at times,
the prices are lower but still too high when adjusted for purchasing power and average
incomes, and there is often no relationship between drug prices in low- and middle-income
countries and their gross domestic product [65]. A study comparing cancer medicine
affordability differences between countries found that less than five days of wages were
required to purchase one defined daily dose of cancer medicines in upper-income European
countries, while in LatAm, it required a median of 10.53 days to purchase one defined
daily dose [320]. Anti-cancer drugs are often deemed not cost-effective in LatAm, as
illustrated by a study that estimated that for trastuzumab to become cost-effective, it
would need to have its price dropped between 69.6% and 94.9%, according to the WHO
threshold [321]. Finally, not all indicated targeted therapies are commercially available in
LatAm, and not all patients can access therapies currently approved [101]. These factors
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pose significant challenges to conducting cost-effectiveness analyses in LatAm that would
yield positive results.

Public investment in cancer research remains limited in LAC, where the average share
of gross domestic product allocated to research and development is just 0.7%, compared
to 1.7% globally, 2.1% in East Asia and the Pacific, and 2.5% in North America and Eu-
rope [322]. Increased investment in clinical research is essential, as it serves as a key pillar
for innovation and progress that can raise awareness and promote education of both pa-
tients and the medical community. Prioritizing this field in the region requires streamlined
regulatory processes and enhanced international collaboration, particularly to advance the
discovery of biomarkers relevant to LatAm populations [59].

The underfunding of public health systems and insufficient investment in precision
medicine can stem from the limited capacity of resource-constrained countries to generate
economic resources. This creates challenges in setting priorities, which often results in
political challenges, particularly a lack of political will. This hesitation by decision-makers
is frequently based on the perception that precision medicine is too expensive [65], without
considering its potential to promote health equity. LatAm countries face shared challenges
such as political instability and corruption [65,323], which can result in severe financial
restrictions that destabilize health systems and disrupt cancer care quality [32]. Political
and economic issues are often interconnected in the region, leading to suboptimal resource
allocation and underfunding, but there must be strong political will to address and prioritize
the growing burden of cancer [323], including by investing in efficient approaches, which
include precision medicine.

4.2.4. Challenges Regarding Policies and Regulations for Implementation
of Precision Medicine

Currently, there is an absence of provisions that can support the comprehensive
implementation of precision medicine for cancer in the focus countries. There are limitations
to accessing targeted therapies, partially derived from delayed approval and registration
processes for both broad access and clinical trials [288,319]. Overall, new technologies
take longer to be incorporated in LatAm than in high-income countries [65]. The time
to regulatory approval of innovative drugs in the region varies from 730 days from FDA
approval in Brazil to 1184 days in Colombia. Even once approved, these medicines take
additional time to be available in public healthcare systems, varying from 156 days from
local approval in Argentina to 1215 days in Mexico [324].

The introduction of innovations is subject to barriers regarding uncertainties in pro-
duction costs, development, availability, and economic difficulties for their incorporation
into health systems. In Brazil, these issues are exacerbated by inequalities in supply, dis-
tribution, and access to services and technological resources for cancer diagnosis and
treatment [291]. It must be recognized that in the context of limited resources, such as in
LatAm, guaranteeing access to standard therapies may be a higher priority than access to
new drugs.

Compliance with law, regulatory pathways, and safety planning can be challenging
for precision therapies and diagnostics [6]. Regulatory decisions should be grounded
in assessments of quality, efficacy, and safety [325]. In LatAm, significant challenges
remain regarding the development and implementation of health technology assessment
policies [326], and regulatory decisions in the region are often closely tied to coverage and
reimbursement decisions [325]. Ideally, these processes should be independent to ensure
that scientific evidence guides regulatory decisions and the adoption of health technologies.

Targeted therapies may be subject to regulatory lags. Out of 228 new products ap-
proved globally between 2014–2021, only 130 (57%) were approved in LatAm, and within
countries, the number varied: 22 in Peru, 68 in Argentina, 65 in Colombia, 63 in Brazil, and
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56 in Mexico. Although Argentina had the most medicines approved, it only had 1 fully
available in the public system, while Colombia had 35, and Mexico, 24 [324]. Not all of
these products are precision medicines, but it is likely that a significant portion of these
innovative products fit that description.

Global collaboration is necessary to establish standardized experimental and reporting
methods, as well as clinically relevant cutoffs in biomarker analyses, allowing findings of
different studies to be used to produce robust evidence, ensuring that as many patients as
possible can benefit from precision-based treatments [178]. Communication between the
industry, academic and scientific community, governing bodies, payers, as well as patients
and families is needed to ensure better collaboration among stakeholders, more visibility
of precision medicine, shared and informed multi-perspective decision-making, effective
policy development, enhanced education and knowledge on the topic, and potentially
increased funding; thus, it is imperative to improve awareness and literacy regarding
precision medicine [178].

5. Discussion
Cancer represents a significant public health issue with substantial societal and eco-

nomic costs, which is especially concerning given its rising incidence and high preventabil-
ity, highlighting the urgent need for comprehensive strategies for prevention, early detec-
tion, and effective treatment, both globally and in LatAm.

Cancer care in LatAm faces significant equity challenges. Fragmented healthcare
systems, unequal healthcare coverage, budget limitations, healthcare workforce shortages,
geographical and cultural barriers, and inadequate access to new therapies and technologies
impact patient outcomes. In addition, equities affect all stages of cancer care, from risk
factor exposure and prevention to early detection, treatment, and palliative care, especially
given the differences in access to and quality of care between the public and private sectors.
Achieving health equity in cancer—where everyone has an equal opportunity to prevent,
detect, and receive proper cancer care—currently seems a pipedream.

Precision medicine holds enormous potential to improve preventive care, enhance
diagnostic accuracy, deliver more effective treatments, improve patient-centricity, reduce
side effects for individuals unlikely to benefit from certain therapies, and possibly be a
cost-effective approach for cancer care. Therefore, if precision medicine is implemented in
health systems in an intentionally equitable way, the use of biomarkers can help achieve
health equity by providing care tailored to genetic, molecular, and environmental profiles,
ensuring all patients receive the most appropriate and effective care, regardless of their
socioeconomic or other status. Equitable and patient-centered implementation of precision
medicine can empower patients, fostering trust and engagement between patients and
healthcare providers.

Evidence regarding the adoption of precision medicine for cancer in LatAm remains
limited, yet it indicates that there are inequities in access to biomarker testing. These
inequities directly impact the potential benefits that precision medicine could offer, high-
lighting the urgent need for improved access and equity in healthcare delivery across
the region. Precision medicine initiatives are currently driven and funded primarily by
the pharmaceutical industry [59,65], with some established biomarkers becoming widely
used due to early efforts by pharmaceutical companies, which often fund campaigns and
provide diagnostic tests at no cost to encourage their adoption. However, it is essential for
countries to begin developing their own capabilities. Future research and developments in
the region should prioritize identifying cost-effective applications for precision medicine,
integrating multi-omics, and validating emerging techniques to establish their efficacy in
cancer detection in LatAm countries.
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Precision medicine is a rapidly growing movement with the potential to transform all
areas of medicine. However, its adoption must be guided by structured policies to ensure
an organized and equitable integration into healthcare systems. Without such frameworks,
precision medicine risks penetrating different areas of healthcare in a disorganized manner,
likely exacerbating existing inequities. Although markets may not yet be fully prepared
for this fast-evolving approach, much like with other medical innovations, strategic and
systematic implementation is crucial. It is likely that in the early implementation stages,
precision medicine would widen inequity, as it might be limited to those who can pay for
it or are close to it, but in the long term, it would improve equity, as patients would have
more access to better treatment. Therefore, it is crucial to implement precision medicine
in a strategic and systematic way to ensure that its potential to improve health equity
is addressed.

Access to testing alone will not immediately guarantee that patients receive treatment,
but it is essential to prioritize equitable availability of testing for patients across all regions
of the country. Additionally, robust monitoring and evaluation mechanisms are vital to
measure the impact of precision medicine on health systems. Equally important is ensur-
ing the economic sustainability of policies, balancing innovation with affordability and
inclusivity. Whilst beyond the scope of this research, it is also vital to consider the diverse
perspectives of the populations impacted most by the lack of access to cancer therapies and
precision medicine. This presents an important opportunity for further exploration.

The challenges to the implementation of precision medicine for cancer care in the
region require immediate and significant investments in order to achieve the following:

(a) Explore the impact and implications of genetic heterogeneity in LatAm populations
and address the low number of oncology-related clinical trials related to targeted
therapies in the region.

(b) Build adequate infrastructure and facilities for cancer care, train health professionals,
and better distribute resources and/or deliver virtual consultations, when possible, to
address geographic and cultural barriers whilst optimizing patient-centricity.

(c) Sustainably finance public health systems, simplify reimbursement processes, and
address issues of affordability and availability of targeted anti-cancer drugs in the
public health system.

(d) Ensure that regulations and policies keep pace with science to support the compre-
hensive implementation of precision medicine for cancer, including compliance with
laws, regulatory pathways, and patient safety.

The current policy landscape in the LatAm focus countries is not conducive to ad-
dressing the existing challenges across the continuum of care and health systems, and the
benefits of precision medicine and biomarker testing will not be enjoyed equally unless
intentional policies are developed now to ensure that the benefits can be widely distributed
to all who need them.

In the focus countries, it is important to include precision medicine in the next iteration
of national cancer plans and strategies, as governmental policies supported by scientific
evidence can guide cancer control strategies nationally, and countries that have higher
implementation of precision medicine for cancer have local policies/laws [65]. The complex,
time-consuming, and bureaucratic approval and registration processes for both market
authorization and clinical trials should be the subject of reform in the region.

Policy improvements depend on collaborative efforts among stakeholders such as
scientific societies, governments, payers, healthcare providers, patient groups, research
centers, and pharmaceutical companies. These collaborations are crucial to help drive
precision medicine’s evolution beyond tissue or receptor types, toward truly patient-
centered care based on the patient’s preferences, characteristics, and their complete health
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state, and for conducting research, generating evidence, developing and commercializing
technologies, and establishing strategic directions and regulatory frameworks to ensure
equitable access to innovations and maximize the benefits of precision medicine in cancer
care for those who need it.

Overall, the provision of cancer care in health systems in LatAm faces major limitations
regarding access to trained healthcare professionals, access to new therapies, and adequate
facilities for cancer care, due to inadequately distributed budgets across locations and
geographic and cultural barriers. Until these structural and resource-related issues are
addressed, it is unlikely that cancer care can be equitably distributed, but hope remains
that—with new and intentionally equitable, forward-thinking policies—precision medicine
might herald a new opportunity to improve equity in cancer care in LatAm.

Since healthcare systems in LatAm are characterized by a lack of coverage for popula-
tions excluded from social security or other public financing mechanisms, the question of
“Which payers (private and/or public) decide to pay for precision medicine?” will have a
huge impact on how equitably its associated benefits are distributed.

Given that the WHO’s recommended actions to improve health equity (see Section 3.3)
call on evidence-informed action (among other things) to ensure high-quality and effective
health services are available, accessible, and acceptable to everyone, everywhere, when they
need them [8], it is valuable to consider what this would look like for precision medicine in
oncology. The WHO has also promoted equity and global access to genomic data, outlining
globally applicable principles designed to guide stakeholders in the responsible collection,
use, and sharing of human genome data [327].

6. Recommendations (Suggested Solutions)
Table 5 summarizes key challenges and gaps related to cancer, precision oncology,

and equity in LatAm, as identified during our literature review, along with suggested
solutions to address them. Note that these suggested solutions are intended to offer a
starting point for discussions on how stakeholders can work together to address the gaps
and challenges inhibiting equitable access to precision medicine in LatAm and stymying
precision medicine’s potential to improve health equity in cancer care in the region. The
effectiveness and feasibility of these suggested solutions are likely to vary across countries
and depend on context-specific factors, such as societal structures, genetic diversity, and
varying degrees of social equity; thus, their implementation should be adapted to local
contexts and supported by further empirical evaluation.

Table 5. Suggested solutions to key challenges and gaps identified in the literature.

Challenges and Gaps Identified in the Literature Suggested Solutions

Challenges regarding scientific development of precision medicine

Genetic heterogeneity of LatAm’s population • Recruitment of participants from different backgrounds to
improve the makeup of biobanks and the representation of
research participants.

• Advocacy initiatives that use this lack of representation as
incentive for the development of precision medicine, but also for
research in general, including clinical trials.

Lack of representation among biomedical
research participants

The number of trials related to targeted therapies and
molecular profiling in cancer in LatAm is drastically

lower than in Europe and the US

• Policies that support fast track and/or referencing of US and/or
EMEA to eliminate duplicative efforts and expedite access to
novel health technologies (mutual recognition agreements).

• Standardizing regional legislation and/or establishing a
discussion forum with regulatory bodies to share solutions and
accelerate the implementation of successful strategies already
adopted in specific LatAm countries.

Due to lack of government investment and other
alternative support sources, most oncology trials in the

region have been sponsored by
pharmaceutical companies



Int. J. Environ. Res. Public Health 2025, 22, 1220 37 of 55

Table 5. Cont.

Challenges and Gaps Identified in the Literature Suggested Solutions

The time required for regulatory approval for clinical
trial applications in LatAm can limit the interest of

pharmaceutical companies in conducting clinical trials
in the region

• Tax incentives and/or technical assistance incentives (regarding
approval pathways) for bio/pharmaceutical companies that invest
in clinical trials that include diverse subpopulations in LatAm.

Implementation of biomarkers in clinical practice
requires that physicians make many decisions

• [short term] Precision medicine modules included in medical
school programs (and related disciplines, incl. lab technicians,
pathologists, pharmacists, etc.) and continuous professional
development courses to ensure all medics and relevant healthcare
workers (i.e., those already practicing and those who are soon to
graduate) understand biomarker testing and decision-
making models.

• [medium term] A guidance- and knowledge-sharing platform,
including a virtual team of experts and molecular tumor boards
(incl. all specialists listed to the left) available from across the
globe to help clinics in the early phases of precision medicine
implementation to interpret biomarker testing reports, guide
decision-making, and share knowledge.

• [long term] Investment in AI-supported testing report analysis
and e-prescribing software (akin to DrugGPT, only geared to
address the complexities and nuances of precision medicine) to
support interpretation of biomarker testing reports, and to assist
clinician decision-making by narrowing down their selection to
only the most appropriate treatment regimen for each patient.

• [long term] Implement a local data repository to capture all
instances where the most appropriate treatment was not
commenced due to lack of reimbursement or affordability. Use
this data as evidence to advocate for broader reimbursement.

• Invest in research to identify cost-effective application for
precision medicine, integrating multi-omics and validating
emerging techniques to establish their suitability in
LatAm settings.

Biomarker testing reports must be interpreted by an
expert or a team of experts (including medical

oncologists, surgical oncologists, pathologists, basic
scientists, pharmacists, clinical nurses, physician
assistants, and genetic counsellors) to select the

optimal treatment to be prescribed

Treatment decisions consider coverage and
reimbursement aspects

Challenges implementing precision medicine in healthcare delivery services

Limited availability of adequate infrastructure and
trained human resources and laboratories to perform

genetic testing and molecular profiling, and to
interpret results

• [short term] Precision medicine modules included in medical
school programs (and related disciplines, incl. lab technicians,
pathologists, pharmacists, etc.) and continuous professional
development courses to ensure all medics and relevant healthcare
workers (i.e., those already practicing and those who are soon to
graduate) understand biomarker testing and decision-
making models.

• [medium term] A guidance- and knowledge-sharing platform,
including a virtual team of experts and molecular tumor boards
(incl. all specialists listed to the left) available from across the
globe to help clinics in the early phases of precision medicine
implementation to interpret biomarker testing reports, guide
decision-making, and share knowledge.

• [long term] Investment in AI-supported testing report analysis
and e-prescribing software (akin to DrugGPT, only geared to
address the complexities and nuances of precision medicine) to
support interpretation of biomarker testing reports, and to assist
clinician decision-making by narrowing down their selection to
only the most appropriate treatment regimen for each patient.
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Table 5. Cont.

Challenges and Gaps Identified in the Literature Suggested Solutions

Requires a multidisciplinary team comprised of
clinicians, pathologists, molecular specialists, and

others, but such teams are usually unavailable due to
the short supply of both financial and human resources

• [short term] Precision medicine modules included in medical
school programs (and related disciplines, incl. lab technicians,
pathologists, pharmacists, etc.) and continuous professional
development courses to ensure all medics and relevant healthcare
workers (i.e., those already practicing and those who are soon to
graduate) understand biomarker testing and decision-
making models.

• [medium term] A guidance- and knowledge-sharing platform,
including a virtual team of experts and molecular tumor boards
(incl. all specialists listed to the left) available from across the
globe to help clinics in the early phases of precision medicine
implementation to interpret biomarker testing reports, guide
decision-making, and share knowledge.

• [long term] Investment in AI-supported testing report analysis
and e-prescribing software (akin to DrugGPT, only geared to
address the complexities and nuances of precision medicine) to
support interpretation of biomarker testing reports, and to assist
clinician decision-making by narrowing down their selection to
only the most appropriate treatment regimen for each patient.

Access to trained healthcare professionals, new
therapies, and adequate facilities, due to inadequately

distributed budget across locations and
geographic barriers

• [short term] Precision medicine modules included in medical
school programs (and related disciplines, incl. lab technicians,
pathologists, pharmacists, etc.) and continuous professional
development courses to ensure all medics and relevant healthcare
workers (i.e., those already practicing and those who are soon to
graduate) understand biomarker testing and decision-
making models.

• [medium term] A guidance- and knowledge-sharing platform,
including a virtual team of experts and molecular tumor boards
(incl. all specialists listed to the left) available from across the
globe to help clinics in the early phases of precision medicine
implementation to interpret biomarker testing reports, guide
decision-making, and share knowledge. [long term] Investment in
AI-supported testing report analysis and e-prescribing software
(akin to DrugGPT, only geared to address the complexities and
nuances of precision medicine) to support interpretation of
biomarker testing reports, and to assist clinician decision-making
by narrowing down their selection to only the most appropriate
treatment regimen for each patient.

• [long term] Implement a local data repository to capture all
instances where the most appropriate treatment was not
commenced due to lack of reimbursement or affordability. Use
this data as evidence to advocate for broader reimbursement.

• A centralized national biomarker center/regional centers to
ensure all tests are analyzed and interpreted in a consistent, best
practice manner. This would facilitate better patient/treatment
matching and more consistent follow-up, monitoring,
and research.

• A national center for precision oncology with representatives/key
staff in each region who can travel (or at least provide virtual
support) to key areas with unmet need to support clinicians in
identifying the most appropriate treatment and providing
treatment follow-up.

• Mobile/virtual precision oncology centers capable of delivering
regular (“as regular as possible”—fortnightly or monthly) support
to rural and remote clinics implementing precision
medicine approaches.

A lack of stable logistical infrastructure to perform
local sequencing and local genomic analysis, and a
lack of cost-effective transportation of biological

samples to molecular laboratories

Laboratory infrastructure and specialized oncologists
are mostly concentrated in urban centers
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Table 5. Cont.

Challenges and Gaps Identified in the Literature Suggested Solutions

Insufficient funding for the development of
computing, AI, and machine learning to support

clinical judgment and managing processes, both of
which require improvements in health workforce

capacity-building

• [long term] Investment in AI-supported testing report analysis
and e-prescribing software (akin to DrugGPT, only geared to
address the complexities and nuances of precision medicine) to
support interpretation of biomarker testing reports, and to assist
clinician decision-making by narrowing down their selection to
only the most appropriate treatment regimen for each patient.

Precision medicine is inherently patient-focused, but
its application sometimes hyperfocuses on patient

genetics and biomarker reports, rather than reflecting
the patient’s values and preferences

• Contribute to existing frameworks (e.g., the PEAR framework)
and advocate for their widespread uptake/application to ensure
precision medicine is not only patient-focused (customizing
treatment based on tissue or receptor types), but also
patient-centered (involves and considers patients’ preferences,
characteristics, and overall health in treatment plans).

Available epidemiological cancer data is not reliable,
not all countries in the region have population-based

cancer registries, and those that do exhibit varying
levels of quality and population coverage

• Invest in the development/strengthening of robust cancer
registries to accurately assess the cancer burden and guide
effective control strategies.

• Develop a LatAm database/platform where this information on
the use of genetic tests, projects, and studies on precision
medicine can be collected.

Challenges regarding economic issues

Limited access to next-generation anti-cancer targeted
drugs, mainly due to unaffordability

• Generate legislation that supports access for those who fulfil
certain diagnostic and need criteria to access precision medicine
(see Ricarte Soto Law in Chile as an example).

• Empowerment and activation of patient advocacy groups to
demand equitable access to precision oncology.

• Simplify reimbursement processes and address issues of
affordability and availability of targeted anti-cancer drugs in the
public health system.

• Improve acquisition mechanisms for cancer drugs that can reduce
the overall cost and/or make it more accessible for governments
to purchase said drugs.

Inequities in access to biomarker testing

Healthcare systems in LatAm are characterized by a
lack of coverage for populations excluded from social
security. Universal healthcare coverage available for
only a minority of the LatAm population. In general,

many therapeutic options are not reimbursed, leaving
patients to face very high out-of-pocket costs

Under-financing of public health systems
The public investment in clinical research in LatAm is

lower than the global average

• Motivate political commitment to address chronic underfunding
of public health systems.

• Prioritize the Primary Health Care approach, e.g., investment of
1% of GDP in primary healthcare.

Political instability, corruption, and weak governance
lead to poor resource allocation, underfunded health

systems, and limited prioritization of cancer and
precision medicine in public policy agendas

• Foster political commitment by identifying and engaging political
leaders able to effect change, and promote the explicit recognition
of cancer as a public health priority, backed by the enactment of
policies and the corresponding allocation of resources to support
their implementation.

Oncologists hesitate to prescribe targeted therapies
because health insurance does not always cover them

• A centralized national biomarker center/regional centers to
ensure all tests are analyzed and interpreted in a consistent, best
practice manner. This would facilitate better patient/treatment
matching and more consistent follow-up, monitoring,
and research.

• Generate legislation that supports access for those who fulfil
certain diagnostic and need criteria to access precision medicine
(see Ricarte Soto Law in Chile as an example).

• Empowerment and activation of patient advocacy groups to
demand equitable access to precision oncology.
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Table 5. Cont.

Challenges and Gaps Identified in the Literature Suggested Solutions

Not all indicated targeted therapies are commercially
available in LatAm, and not all patients can access

therapies currently approved

• [short term] Precision medicine modules included in medical
school programs (and related disciplines, incl. lab technicians,
pathologists, pharmacists, etc.) and continuous professional
development courses to ensure all medics and relevant healthcare
workers (i.e., those already practicing and those who are soon to
graduate) understand biomarker testing and decision-making
models.

• [medium term] A guidance- and knowledge-sharing platform,
including a virtual team of experts and molecular tumor boards
(incl. all specialists listed to the left) available from across the
globe to help clinics in the early phases of precision medicine
implementation to interpret biomarker testing reports, guide
decision-making, and share knowledge.

• A centralized national biomarker center/regional centers to
ensure all tests are analyzed and interpreted in a consistent, best
practice manner. This would facilitate better patient/treatment
matching and more consistent follow-up, monitoring,
and research.

• Generate legislation that supports access for those who fulfil
certain diagnostic and need criteria to access precision medicine
(see Ricarte Soto Law in Chile as an example).

• Empowerment and activation of patient advocacy groups to
demand equitable access to precision oncology.

Challenges regarding policies and regulations for implementation of precision medicine

At the regional level, international agencies like PAHO
lack comprehensive action plans or policies on cancer

and precision medicine

• Work with international agencies such as PAHO to develop
regional guidelines for comprehensive cancer precision medicine
policies and plans.

Despite all national plans being issued after 2018,
there was no mention of biomarkers or genetic
markers in any of the national plans, nor in the

supporting cancer legislation

• Identify cost-effective applications for precision medicine,
integrating multi-omics and validating emerging techniques to
establish their efficacy in cancer detection.

• Include those precision medicine applications deemed
appropriate in national settings into existing national cancer plans
as they are updated.

Lack of national policies and laws regarding
precision medicine

• Establish a clear “Pathway to Equity” to support equitable access to
the national center for precision oncology and centralized national
biomarker centers from different starting points, including rural,
unprotected areas, and underrepresented populations.

• As national cancer plans are updated, ensure they include a
chapter detailing the current and intended trajectory of precision
oncology in the country, alongside the governments’ current and
intended investments and priorities on this topic.

• Clear and comprehensive legal framework to support compliance
with laws, regulatory pathways, and patient safety.

• Collaborative efforts among stakeholders such as scientific
societies, governments, payers, healthcare providers, patient
groups, research centers, and pharmaceutical companies to
consider, inform, and respond to emerging policies, laws,
and regulations.

Delayed approval and registration processes for both
broad access and clinical trials

• [short term] Precision medicine modules included in medical
school programs (and related disciplines, incl. lab technicians,
pathologists, pharmacists, etc.) and continuous professional
development courses to ensure all medics and relevant healthcare
workers (i.e., those already practicing and those who are soon to
graduate) understand biomarker testing and decision-
making models.
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Table 5. Cont.

Challenges and Gaps Identified in the Literature Suggested Solutions

Delayed approval and registration processes for both
broad access and clinical trials

• [medium term] A guidance- and knowledge-sharing platform,
including a virtual team of experts and molecular tumor boards
(incl. all specialists listed to the left) available from across the
globe to help clinics in the early phases of precision medicine
implementation to interpret biomarker testing reports, guide
decision-making, and share knowledge.

• Generate legislation that supports access for those who fulfil
certain diagnostic and need criteria to access precision medicine
(see Ricarte Soto Law in Chile as an example).

• Empowerment and activation of patient advocacy groups to
demand equitable access to precision oncology.

Compliance with law, regulatory pathways, and safety
planning is challenging for precision therapies and

diagnostics in LatAm and contributes to
regulatory lags

• [short term] Precision medicine modules included in medical
school programs (and related disciplines, incl. lab technicians,
pathologists, pharmacists, etc.) and continuous professional
development courses to ensure all medics and relevant healthcare
workers (i.e., those already practicing and those who are soon to
graduate) understand biomarker testing and decision-
making models.

• [medium term] A guidance- and knowledge-sharing platform,
including a virtual team of experts and molecular tumor boards
(incl. all specialists listed to the left) available from across the
globe to help clinics in the early phases of precision medicine
implementation to interpret biomarker testing reports, guide
decision-making, and share knowledge.

• Simplify, clarify, and communicate precision therapies and
diagnostics regulations in LatAm to ensure all necessary
stakeholders have up-to-date information and understanding
required to abide by them.

Regulatory processes are independent, but HTA
evaluations may depend on the healthcare system’s

capacity to adopt and reimburse new drugs

• Align HTA evaluations with regulatory processes, adopting
value-based pricing to streamline drug adoption while balancing
innovation and affordability.

7. Conclusions
Multiple complex problems that persist within cancer care, its reach, quality, and

outcomes are reported in the literature, alongside evidence that access to precision medicine
offers many real and potential benefits to diagnostic, treatment, and care quality and
outcomes. The current policy landscape in LatAm is not conducive to improving the reach,
quality, or outcome-related problems in cancer care, nor to realizing the full potential of
precision medicine. Further, the precision medicine landscape and broader health system
and policy landscape in LatAm are lagging significantly behind other regions, emphasizing
the fact that precision medicine policies are not where they should be and that there is a need
for policy frameworks that extend beyond regulation and into access-related components
for precision medicine.

Precision medicine has the potential to reduce health inequities in LatAm by improving
health outcomes for all people living with cancer through accurate diagnosis and targeted
treatment. However, for it to achieve this goal, it must first be implemented in health
systems and applied in a way that is intentionally equitable.

The time is now to develop an intentionally equitable policy framework to guide
broad and deep applications of precision medicine in LatAm countries and to improve
health outcomes for all who need it, not just the lucky few who can afford to pay for it.
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