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Preface

The increasing cancer incidence and mortality rates worldwide underscore the urgent need

to better understand the complex interplay of biological, environmental, social, and behavioral

determinants of cancer. This Reprint, Emerging Trends in Global Cancer Epidemiology, brings together

a collection of diverse and thought-provoking studies that reflect the evolving landscape of cancer

research across different regions and populations. It includes analyses of incidence, mortality, and

survival trends, as well as investigations into the influence of lifestyle, environmental exposures, and

social determinants of health.

The primary aim of this volume is to provide an up-to-date and comprehensive overview of

the key developments in global cancer epidemiology. It is intended to serve not only as a scholarly

reference but also as a practical guide for public health professionals, oncologists, cancer researchers,

and students who are seeking to understand the broader trends and emerging challenges in the field.

This compilation was motivated by the growing recognition that cancer control must be

informed by sound epidemiological evidence and must be contextualized within the diverse social

and geographic settings in which cancer occurs. It is my hope that the findings and perspectives

presented in this volume will stimulate further research, guide effective policies, and ultimately

contribute to reducing the global burden of cancer.

I am deeply grateful to the contributing authors and peer reviewers for their dedication and

insights, and to the editorial team at Cancers for their support in bringing this Reprint into fruition.

Syed Ahsan Raza

Guest Editor
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Editorial

Emerging Trends in Global Cancer Epidemiology
Syed Ahsan Raza

Section of Epidemiology and Population Sciences, Department of Medicine, Baylor College of Medicine,
Houston, TX 77546, USA; s.ahsanraza@gmail.com

Cancer continues to be one of the most pressing global public health challenges, with
an increasing number of new cases and deaths each year. As the global burden of cancer
grows, so too does the need for robust epidemiological research that illuminates patterns
in incidence, mortality, prevalence, and survival across diverse populations and regions
(Contribution 1). This Special Issue, entitled ‘Emerging Trends in Global Cancer Epidemiol-
ogy’, brings together insightful research that collectively reflects the dynamic landscape
of cancer epidemiology worldwide. These contributions offer novel perspectives on can-
cer trends, highlight innovative methods—including the use of big data, genomics, and
machine learning—and explore the influence of environmental, lifestyle, and social deter-
minants on cancer outcomes. From analyses of population-level disparities to evaluations
of prevention strategies, each study in this issue adds a unique piece to the global cancer
puzzle. The full collection of articles featured in this Special Issue can be accessed at the
following link: https://www.mdpi.com/journal/cancers/special_issues/N946HDMKIS.

In one study in this Special Issue, Aldhaleei et al. explore the rising burden of early-
onset colorectal cancer (EO-CRC) among individuals aged 20 to 44 in the United States
over a three-decade period (Contribution 2). Using data from the Global Burden of Disease
Study 2021 and an age–period–cohort (APC) modeling approach, the authors revealed a
49% increase in EO-CRC cases from 1990 to 2021, with age-standardized incidence rates
rising by 34%. These findings emphasize the complex interplay of age, generational cohort,
and period in shaping EO-CRC trends and highlighting the urgency of developing targeted
prevention strategies to address this growing incidence in younger populations.

Beltran-Ontiveros et al. present a comprehensive analysis of cancer trends in Mexico
over a 30-year period, also drawing on data from the Global Burden of Disease Study 2019
(Contribution 3). From an epidemiological standpoint, this study is a critical reminder
of how national-level data can offer valuable insights into shifting cancer dynamics. It
also reflects the growing complexity of cancer epidemiology in middle-income countries
like Mexico, where demographic transitions, urbanization, and health system challenges
may be driving these divergent trends. This research underscores the importance of cancer
control strategies that are sensitive to both sex-specific trends and the heterogeneous nature
of cancer burden across different cancer types. As countries like Mexico move toward
universal health coverage, this kind of granular evidence will be instrumental in shaping
equitable cancer prevention and control policies.

Abboud et al. carried out analyses to investigate an emerging and somewhat under-
recognized trend in the U.S.—the rising incidence of rectal neuroendocrine tumors (RNETs)
in younger adults under the age of 55 (Contribution 4). Using data from the United States
Cancer Statistics (USCS) database from 2001 to 2020, the authors conducted a detailed
analysis stratified by age, sex, race, and tumor stage. This paper raises important questions
about what might be fueling the rise of RNETs in younger demographics. The age-specific

Cancers 2025, 17, 1483 https://doi.org/10.3390/cancers17091483
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divergence in incidence trends is compelling, especially given the growing body of liter-
ature pointing to earlier onset patterns across several gastrointestinal malignancies. The
fact that the increase is largely driven by early-stage diagnoses suggests that enhanced
detection may play a role—but it also hints at possible shifts in risk exposures, lifestyle
factors, or even gut microbiome changes in younger generations. This study underscores
the need for more targeted research into the etiology and risk profile of RNETs in young
adults, and it serves as a call to action for clinicians to revisit current screening thresholds
and symptom awareness strategies for this tumor type.

Interesting research carried out by Hussan et al. explores the relationship between
obesity, bariatric surgery (BRS), and the development of colorectal polyps—a precursor
to colorectal cancer using a large, propensity-matched U.S. nationwide cohort from the
2012–2020 MarketScan Insurance Claims Research Database (Contribution 5). From a
clinical epidemiological perspective, this study offers important insights into the preventive
potential of bariatric surgery beyond metabolic improvements. It challenges us to think of
obesity not just as a risk factor for colorectal cancer, but as a modifiable exposure with early
pathological consequences that may be mitigated with timely intervention. The finding of
the absence of a significant change in polyp rates pre- vs. post-BRS is particularly thought-
provoking—it may suggest that while bariatric surgery halts further risk accumulation,
it does not necessarily reverse established polyp pathology. This highlights the need for
continued colorectal surveillance, even after weight loss interventions and calls for more
research into the biological mechanisms linking obesity, metabolic dysfunction, and early
neoplastic changes in the colon.

A population-based study in Eastern Sicily, was carried out to explore cancer burden
among migrant populations in a group often underrepresented in epidemiological research
(Contribution 6). Using data from the regional cancer registry spanning 2004 to 2019, the
study assessed proportionate morbidity ratios (PMRs) and odds ratios (ORs) for various
cancers in migrants compared to non-migrants. This study provides an important lens into
the intersection of migration and cancer epidemiology. The analysis speaks to the need for
culturally appropriate cancer prevention strategies. The markedly higher odds of cervical
cancer highlight gaps in HPV vaccination and screening among migrant women, while the
elevated lung cancer risk suggests environmental or occupational exposures that warrant
closer scrutiny.

Marino et al. delve into the critical yet often overlooked dimension of patient-centered
communication (PCC) in intercultural cancer care settings in Italy (Contribution 7). Us-
ing the ONCode coding system, the researchers analyzed 42 video-recorded oncology
consultations involving both Italian and foreign patients to assess how communication
dynamics vary by patient background, type of visit (first vs. follow-up), and presence of
companions. Interestingly, quantitative analyses revealed no significant differences in PCC
quality between Italian and foreign patients. However, qualitative findings uncovered
meaningful distinctions, particularly in the nature of interruptions during encounters with
foreign patients, which tended to be more frequent and potentially disruptive. The study
emphasizes that while language competence is essential, it should not be the sole indicator
of communication effectiveness in multicultural medical settings. This research can be seen
as a compelling argument for deeper structural sensitivity in care delivery. In a world of
increasingly diverse patient populations, achieving true patient-centricity demands more
than protocols; it requires active, empathetic listening and a commitment to minimizing
avoidable power imbalances in clinical encounters.

In England, Smith et al. address a critical issue in cancer health disparities by examin-
ing how diagnostic pathways mediate the impact of comorbidity on survival among
patients with diffuse large B-cell lymphoma (DLBCL) and follicular lymphoma (FL)

2
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(Contribution 8). This paper unpacks a subtle but powerful mechanism through which
structural inequities manifest in clinical outcomes. From an epidemiological standpoint,
this is impactful because it highlights a modifiable point in the cancer care continuum, i.e.,
diagnostic timeliness, that could yield substantial survival gains if addressed effectively.
The mediation analysis strengthens the case for interventions that prioritize early, elective
cancer detection in patients with complex health profiles. This evidence should inform not
just public health programs, but also clinical training and system-level reforms that aim to
anticipate diagnostic risk in vulnerable populations.

The fact that rural residents in developed nations face barriers akin to those in low-
and middle-income countries such as delayed diagnosis, limited specialist care, and lower
health literacy speaks volumes about the persistent structural gaps in healthcare sys-
tems. The study by Ramamurthy et al. from Australia is both insightful and concerning
(Contribution 9). They conducted a scoping review to examine how rurality influences
oral cancer trends across OECD member countries. Drawing from 18 studies selected from
an initial pool of over 1100, the review highlights a troubling pattern: despite residing in
high-income countries, individuals in rural and remote areas experience disproportionately
higher incidence and poorer outcomes for oral and oropharyngeal cancers. The review
points to rising rates of tobacco and alcohol use, low awareness of HPV-related cancer
risks, and limited access to advanced cancer care as key drivers of this disparity. The bur-
den is especially high among older adults in rural regions of the United States, Australia,
Canada, and several European nations emphasizing that geography remains a powerful
determinant of cancer inequity, even in well-resourced settings.

Drăgan and Drăgan from Romania provide a comprehensive narrative review on
the assessment of venous thromboembolism (VTE) risk in ambulatory cancer patients,
an area often under-addressed in clinical practice (Contribution 10). While VTE is a
well-recognized complication in hospitalized and perioperative cancer settings with clear
guidelines supporting thromboprophylaxis, the same clarity does not extend to ambulatory
patients. The review examines existing tools like the Khorana score, highlighting its
limitations, and explores emerging risk stratification models, including those incorporating
biomarkers, genetic profiles, clinical parameters, and even machine learning approaches.
The authors also discuss the potential role of imaging and biomolecular screening in
improving risk prediction and guiding individualized patient care.

Finally, Gupta et al. present a novel population-based study exploring the relationship
between environmental temperature and survival outcomes in gastroesophageal cancers
(GECs) across the United States (Contribution 11). Using data from over 17,000 esophageal
and more than 20,000 gastric cancer patients in the SEER database (1996–2015), com-
bined with county-level temperature data from the National Centers for Environmental
Information, their study found that warmer average annual temperatures (AAT) were
significantly associated with improved overall survival (OS) and disease-specific survival
(DSS). Specifically, patients living in regions with an AAT above 53.5 ◦F experienced an
11–13% improvement in survival outcomes for esophageal cancer and 13–14% for gastric
cancer. Moreover, survival improved incrementally by 3–4% with every 5 ◦F increase in
temperature. These associations held true across histological subtypes and were robust to
adjustments for key demographic and clinical variables. While the biological plausibility
draws on preclinical evidence that cold stress impairs antitumor immunity, this is one of
the first large-scale studies to demonstrate a temperature–survival relationship in human
cancer populations (Contribution 11). It introduces an environmental and potentially mod-
ifiable factor into the complex equation of cancer prognosis. While the retrospective design
and potential for confounding must be acknowledged, the implications are far-reaching.
These findings encourage us to consider the broader ecological context in which patients
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live and receive care. They also spark intriguing questions: Could thermal interventions,
such as maintaining thermoneutrality or avoiding cold exposure, complement existing
treatment strategies? How might these results influence cancer survivorship planning,
especially for vulnerable populations in colder regions? This study opens the door for
a new interdisciplinary dialogue between oncology, climate science, and environmental
health, one that we are only just beginning to understand.

Collectively, the studies featured in this Special Issue weave a rich and diverse tapestry
of emerging trends in global cancer epidemiology. They underscore how cancer risk, burden
and outcomes are shaped not only by biological and clinical factors, but also by geography,
social determinants, lifestyle, environment, and access to care. From rising early-onset
cancers in younger populations to disparities rooted in migration, rurality, comorbidity, and
even environmental temperature, these studies challenge us to think beyond traditional
risk factors and to adopt a more holistic approach in cancer research and control. As cancer
epidemiologists, clinicians, and public health practitioners, we must remain agile and
innovative in our methods, while grounded in the realities of patients’ lived experiences.
Ultimately, advancing the science of cancer in a truly global context requires embracing
complexity, fostering collaboration across disciplines, and translating evidence into cancer
prevention and care strategies for all populations.

Conflicts of Interest: The author declare no conflict of interest at the time manuscript was written.
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Mediating Effects of Diagnostic Route on the Comorbidity Gap
in Survival of Patients with Diffuse Large B-Cell or Follicular
Lymphoma in England
Matthew J. Smith 1,*, Bernard Rachet 1 and Miguel Angel Luque-Fernandez 1,2

1 Inequalities in Cancer Outcomes Network, Department of Non-Communicable Disease Epidemiology,
London School of Hygiene and Tropical Medicine, Keppel Street, London WC1E 7HT, UK

2 Department of Statistics and Operations Research, University of Granada, 18071 Granada, Spain
* Correspondence: matt.smith@lshtm.ac.uk

Simple Summary: There are inequalities in cancer survival between patients with or without comor-
bidities. The healthcare pathway (i.e., diagnostic route) of a patient is thought to explain some of
these inequalities. We explore how much of the effect of comorbidity on survival of patients with
diffuse large B-cell lymphoma (DLBCL) or follicular lymphoma (FL) is explained by the diagnostic
route (i.e., emergency diagnosis). We used mediation analysis to separate the effect of comorbidity
on survival from its effect through diagnostic route. We found that, for DLBCL and FL, emergency
diagnosis accounted for 24% and 16% of the inequalities in survival between comorbidity groups
within 12 months since cancer diagnosis. This proportion reduced over time and was small after
5 years of follow up. Comorbidities can complicate the diagnosis and management of patients with
DLBCL or FL. Our results show that greater research is needed to ensure patients with comorbidities
have a timely diagnosis and will help to reduce the inequalities in cancer survival.

Abstract: Background: Socioeconomic inequalities in survival from non-Hodgkin lymphoma persist.
Comorbidities are more prevalent amongst those in more deprived areas and are associated with
diagnostic delay (emergency diagnostic route), which is also associated with poorer survival probabil-
ity. We aimed to describe the effect of comorbidity on the probability of death mediated by diagnostic
route (emergency vs. elective route) amongst patients with diffuse large B-cell (DLBCL) or follicular
lymphoma (FL). Methods: We linked the English population-based cancer registry and hospital
admission records (2005–2013) of patients aged 45–99 years. We decomposed the effect of comorbidity
on survival into an indirect effect acting through diagnostic route and a direct effect not mediated by
diagnostic route. Furthermore, we estimated the proportion of the comorbidity effect on survival
mediated by diagnostic route. Results: For both DLBCL (n = 27,379) and FL (n = 14,043), those with
any comorbidity, or living in more deprived areas, were more likely to experience diagnostic delay
and poorer survival. The indirect effect of comorbidity on mortality through diagnostic route was
highest at 12 months since diagnosis (DLBCL: Odds Ratio 1.10 [95% CI 1.07–1.13], FL: OR 1.09 [95%
CI 1.04–1.14]). Within the first 12 months since diagnosis, emergency diagnostic route accounted for
24% (95% CI 17.5–29.5) and 16% (95% CI 6.0–25.6) of the comorbidity effect on mortality, for DLBCL
and FL, respectively. Conclusion: Efforts to reduce diagnostic delay (emergency diagnosis) amongst
patients with comorbidity would reduce inequalities in DLBCL and FL survival by 24% and 16%,
respectively. Further public health programs and interventions are needed to reduce diagnostic delay
amongst lymphoma patients with comorbidities.

Keywords: diffuse large B-cell lymphoma; follicular lymphoma; mediation analysis; epidemiology;
comorbidity; survival
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1. Introduction

Non-Hodgkin lymphoma (NHL) is a heterogeneous group of malignancies, two of the
most common types are diffuse large B-cell lymphoma (DLBCL) and follicular lymphoma
(FL). For both DLBCL and FL, survival has steadily increased and, at 5 years since diagnosis,
is substantially higher amongst those with FL compared to DLBCL [1–3]. However, there
has been a differential increase in better health outcomes between patient characteristics,
which has exacerbated deprivation and comorbidity inequalities in survival [1]. For other
cancers, differences in comorbidity status partly explain the deprivation gap in survival
yet inequalities remain [4]. Research has suggested that inequalities are partly due to the
interaction between the patient, with certain characteristics, and the healthcare pathway
(for example, accessing a GP appointment) [5].

The presence of a comorbidity impacts on a timely diagnosis, which then impacts on
survival length [6]. For example, having a comorbidity that exacerbates the symptoms
of lymphoma could hasten an appointment with a healthcare professional, potentially
leading to an earlier diagnosis and a longer survival time. On the other hand, a comorbidity
that obscures symptoms of lymphoma could delay an appointment with a healthcare
professional, eventually leading to a shorter survival time. In other words, the effect of
patient characteristics (e.g., comorbidity status) on survival is mediated by the access to the
healthcare system (e.g., route to diagnosis).

Understanding the interaction between patients with certain characteristics and the
healthcare pathway is crucial for enhancing public health policies. Quantifying the effect of
comorbidity status on survival that is attributable to route to diagnosis is important for the
healthcare system to investigate sources of inequity, contrast, and target routes to diagnosis,
and allocate essential resources.

Applying conventional methodological approaches is limited to analyses that do
not account for factors on the causal pathway. Mediation analysis has been developed to
disentangle the effect of an exposure on an outcome that is mediated by another factor [7–9].
We aimed to mechanistically describe whether the impact of comorbidity on the probability
of death is attributed to its direct effect on the chances of survival or rather its indirect effect
that is mediated through the route of cancer diagnosis (i.e., emergency vs. elective).

2. Methods
2.1. Study Design, Participants, Data, and Setting

We used data from a retrospective population-based cohort study of patients diag-
nosed with DLBCL or FL between 1 January 2005 and 31 December 2013, followed up to
31 December 2015. DLBCL and FL diagnoses were made according to the International
Classification of Diseases for Oncology (ICD-O), 3rd edition, based on codes C82.0–C85.9
(Supplementary Table S1) [10]. Patients entered the study on the date of their diagnosis and
were followed up until death or administratively right censored at the 31st of December
2015 whichever occurred first.

Data was obtained from population-based cancer registries within the English National
Cancer Registry and Analysis Service (CAS) [11] and linked to patient’s electronic health
records from Hospital Episode Statistics (HES) [12]. CAS contains patient and tumour
information (i.e., birth, diagnosis, and vital status dates) and sex, age at diagnosis, and
ethnicity. HES data (for the period 2003 to 2015) was used for the assessment of comorbid
conditions according to ICD codes (Supplementary Table S2) and contained clinical and
administrative information. Using HES data, we assessed, retrospectively, the presence
of any record of a comorbidity diagnosis for all patients with DLBCL and FL: certain
comorbidities must be recorded even if they are not related to the reason for the hospital
admission. In HES, the diagnostic fields are completed from admission and throughout
the patient’s episode during secondary care. HES can include up to 20 different diagnostic
codes within one episode: 1 main clinical code (indicating the reason for the admission),
19 secondary clinical codes, and up to 24 operation/procedural codes. Episodes are coded
at admission and then each time a patient moves between different hospital units. We
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restricted the inclusion of comorbidity records to those diagnosed prior to 6 months, and
up to 2 years, before the date of cancer diagnosis; this restriction aims to capture non-cancer
related comorbidities and to minimise the introduction of selection bias [13].

2.2. Outcome, Exposure, and Other Variables

The outcome of this study was time since diagnosis up to death observed within
(i) 1 year, (ii) 3 years given survival at 1 year, and (iii) 5 years given survival at 3 years. The
main exposure was comorbidity status, and the mediator was route to diagnosis (i.e., emer-
gency diagnostic route versus other). Based on data availability and clinical reasoning, we
included age at diagnosis, sex, deprivation level and ethnicity as confounders.

Comorbidity status was classified according to the Royal College of Surgeons (RCS)
Charlson score (Supplementary Table S1): an adapted score that reduces the number of
relevant comorbidities (in comparison to the Charlson comorbidity score [14]) by removing
a category (peptic ulcer disease) and groups diseases together (e.g., diabetes mellitus codes
with or without complications are grouped into a single category). The score represents
the count of comorbidities of a patient. Unlike the Charlson comorbidity score, the RCS
Charlson score does not weigh the comorbidities: making the assumption that any comor-
bidity has the same impact on short-term mortality [15]. For the interest of the analytical
approach, we dichotomised the score (no comorbidities vs. one or more comorbidities).

Route to diagnosis (NCRAS dataset), or diagnostic route, was originally recorded as one
of eight routes to diagnosis [16]. Patients diagnosed on a ‘death certificate only’ were
excluded to remove bias. There is no nationally recognised screening programme for
NHL, thus no patients were diagnosed via a ‘screen-detected’ route. The remaining routes
were dichotomised into a binary variable indicating whether the patient was diagnosed
following an emergency or elective presentation: elective presentation consisted of patients
diagnosed through two-week-wait, general practitioner referral, inpatient, or outpatient.

Deprivation level is based on the Lower Super Output Area [17] (LSOA) of residence
of the patient at the date of cancer diagnosis. This is information is publicly available
from the Office for National Statistics. An LSOA is a geographical location with a median
of 1500 inhabitants. From the Index of Multiple Deprivation [18] (IMD), the income
domain was classified into one of five quintiles based on the national distribution of ranked
deprivation scores in the 32,844 LSOAs. Each patient was linked with one of the 209 Clinical
Commissioning Groups (CCG) where their LSOA resides [19].

Ethnicity (HES dataset), due to data sparsity amongst ethnic minorities, was recorded
as white or other.

2.3. Causal Diagram

The assumed causal relationships between the variables are shown in Figure 1. The
main exposure, comorbidity status, causally influences the diagnostic route and death at a
certain follow-up time. For simplicity in the graph only (i.e., not in the analysis), we group
the baseline confounders (age at diagnosis, gender, ethnicity, and deprivation level) but
note that they will not have the same level of effect on other variables, specifically diagnostic
route, treatment, and mortality. The number of GP appointments represents the number
of interactions between the patient and the primary care system. For other cancers, the
number of GP appointments up to 4 months prior to diagnosis is associated with emergency
presentation [20]. We structured the causal diagram from left to right in accordance with
the assumed time frame in which these events are expected to occur. The omission of
confounders that are unobserved, such as previous GP appointments, and unmeasured
mediators, such as stage at diagnosis and treatment, represent our causal assumptions.
For example, we assume that the number of GP appointments prior to diagnosis does
not affect survival except through its effect on diagnostic route. For graphical illustration
we include the unmeasured confounders of the mediator-outcome relationship, U. The
omission of an arrow from comorbidity status to U represents our assumption that the effect
of comorbidity status on survival acts solely direct, or indirect, through diagnostic route.

8
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We assume that there are no unmeasured confounders (U) for the (i) comorbidity-survival,
(ii) route-survival, and (iii) comorbidity-route relationships. Additionally, we assume that
(iv) the effect of comorbidity on survival is either direct or indirect through diagnostic
route only. For example, this assumption states there is no unmeasured confounder for the
route-survival relationship that is itself effected by comorbidity. Lastly, we assume that (v)
there is consistency of a patient’s record of survival, such that survival is not altered if we
set the comorbidity and route to the values they would naturally take.

To define the assumption of no unmeasured confounding, we define the potential
outcome Yi(a) represent the value of Y if A were set to a for patient i = 1, 2, . . . , n.
Firstly, we assume no interference (i.e., the potential outcome for patient i does not depend
on the comorbidity status, Ai, of patient i). Secondly, we assume consistency, such that
for those who have comorbidity status A = a, their observed Y is the same as what it
would have been had they had comorbidity status A = a via the hypothetical intervention.
Furthermore, we assume conditional exchangeability, such that comorbidity status A is
independent of each of the potential outcomes, conditional on the baseline confounders.
Finally, since we used conditional survival time (i.e., survival at 5 years conditional on
surviving the first 3 years after diagnosis), we assumed that censoring was non-informative
during this time interval [21].
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Figure 1. For patients diagnosed with DLBCL or FL in England between 2005 and 2013, this causal
diagram represents the total effect of comorbidity on death mediated by diagnostic route, adjusted for
baseline confounders (i.e., age at diagnosis, sex, deprivation, and ethnicity). Unmeasured confounders
are stage at diagnosis, treatment, and number of general practitioner appointments.

3. Statistical Analysis
3.1. Descriptive Statistics

We described the characteristics of DLBCL and FL patients, separately, using counts
and proportions, and calculated the odds ratios of having at least one comorbidity along
with Wald test p-values. The proportion of patients diagnosed with DLBCL, or FL, was
graphed by diagnostic route, over comorbidity status, and stratified by deprivation level
(i.e., least compared to most deprived). We then estimated 5-year net survival (for least and
most deprived) DLBCL or FL patients for each comorbidity status and diagnostic route
using a cohort approach (administratively censored at 31 December 2015) and the Pohar
Perme estimator [22] in the Stata [23] package stns [24].

3.2. Natural Effect Estimates and Proportion Mediated

We examined what proportion of the comorbidity gap in survival was explained by
diagnostic route amongst patients diagnosed with DLBCL or FL. As the outcome, exposure,
and mediator are binary variables, we focused on the decomposition of the total causal
effect (TCE) into the natural direct, and indirect, effects (i.e., NDE and NIE, respectively) [25].
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The natural effects are calculated using the gformula Stata command [26]. To illustrate the
decomposition, we first define the natural direct and indirect effects in terms of nested
counterfactuals, Y(a, M(a∗)), which indicates the outcome Y if A took the value of a and M
took the value it would have taken if A took the value of a∗. Here, A relates to the presence
of comorbidities (i.e., A = 1 for one or more comorbidities, A = 0 for no comorbidities) and
M related to the diagnostic route (i.e., M = 1 for emergency vs. M = 0 for other diagnostic
route). The direct effect is then the comparison of Y(a, M(a∗)) to Y(a∗, M(a∗)), which
measures the direct effect of changing the comorbidity status. The indirect effect is the
comparison of Y(a∗, M(a)) to Y(a∗, M(a∗)), which measures the indirect effect of changing
the diagnostic route. The total effect is the summation of the direct and indirect effects.

We first define the logistic regression model for the outcome Y with mediator covari-
ables C

logit[E{Y(a, M(a∗))|C}] = β0 + β1a + β2a∗ + β3C + β4a·a∗ + β5a·C + β6a∗·C

this gives the NDE odds ratio

odds{Y(a, M(a∗)) = 1 | C}
odds{Y(a∗, M(a∗)) = 1 | C} = exp{(β1 + β4a∗ + β5C)(a− a∗)}

and the NIE odds ratio

odds{Y(a, M(a)) = 1 | C}
odds{Y(a, M(a∗)) = 1 | C} = exp{(β2 + β4a + β6C)(a− a∗)}.

Their product measures the total effect: odds{Y(a) = 1 | C}/odds{Y(a∗) = 1 | C}.
The proportion mediated (PM) captures what would happen to the effect of comorbid-

ity status on mortality (i.e., by how much it would be reduced) if we were to disable the
pathway between comorbidity status and diagnostic route (i.e., setting it to its natural value
in the absence of comorbidity). The PM captures how much of the effect of comorbidity
status on mortality is because of the effect of comorbidity on diagnostic route. On the risk
difference scale, the PM is the ratio of the NIE to the TCE (i.e., PM = NIE

TCE ). As the outcome
is binary and the measure is the odds ratio, the ratio scale is used, but the PM is calculated
using a transformation, such that

PM =
ORNDE(ORNIE − 1)

(ORNDE ×ORNIE)− 1
.

As the comorbidity gap in survival changes over time since diagnosis, the binary
outcome (mortality) was stratified into death within (i) 12 months, (ii) 36 months given
12 months survival, and (iii) 60 months given 36 months survival. Analyses were performed
on each of the three binary conditional survival outcomes. Since cause of death records are
often unreliable or unavailable in population-based cancer registry data, the estimation of
net survival in the relative survival setting reduces bias arising from background population
mortality. However, the interpretation of net survival estimates within mediation analysis
is not yet well understood; thus, we used a binary indicator of all-cause mortality within
specific time periods. No patients were lost to follow up (i.e., there was no right censoring).
The outcome (all-cause mortality) and the mediator (diagnostic route) were modelled using
logistic regression. Missing records of diagnostic route (5.8%) were imputed using single
stochastic imputation within the g-computation procedure, and all variables were included
in the imputation model.

We used Stata v.17 (StataCorp, College Station, TX, USA) for statistical analysis. The
code used for this analysis is provided for reproducibility at https://github.com/mattyjs
mith/Proportion-mediated-NHL (accessed on 23 August 2022).
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4. Results
4.1. Summary Statistics

Overall, 41,422 patients in England, aged from 45 to 99 years, were diagnosed with
Diffuse Large B-cell lymphoma (n = 27,379) or Follicular lymphoma (n = 14,043), between 1
January 2005 and 31 December 2013 (Table 1). The prevalence of at least one comorbidity
was 11.4% and 8.2% for DLBCL and FL, respectively. For both DLBCL and FL, those with
comorbidities were those diagnosed at an older age and living in more deprived areas.
For DLBCL, the probability of the presence of a comorbidity was lower amongst females.
Emergency diagnostic route was more likely amongst those with comorbidity (both DLBCL
and FL).

Amongst FL patients with any comorbidity, the more deprived the area, the more likely
the patients were to have an emergency presentation (Figure 2), Amongst DLBCL patients
with any comorbidity, there was no apparent trend in diagnostic route by deprivation level.
For both DLBCL and FL patients without any comorbidity, the proportion of patients in
each deprivation level were similar when comparing emergency and elective diagnostic
routes.

Net survival differed between the least and most deprived for DLBCL and FL (Figure 3).
Of those without comorbidity, the difference in survival at 1 year since diagnosis amongst
the most deprived patients was 6.4% (71.3% vs. 64.9%) and 2.4% (94.1% vs. 91.7%) lower
than least deprived for DLBCL and FL, respectively (Table 2). For both DLBCL and FL, the
deprivation gap in survival was apparent from 1 year and remained similar through to
5 years since diagnosis, except for those with at least one comorbidity where there was no
apparent deprivation gap through 5 years (Table 2 and Figure 3).

Table 1. Age at diagnosis, sex, deprivation level and ethnicity according to the comorbidity status
amongst patients with Diffuse Large B-cell (n = 27,379) or Follicular lymphomas (n =14,043) in
England between 2005 and 2013.

No Comorbidity
N (%)

Comorbidity
N (%)

Total
N (%) OR † (95% CI) p-Value *

Diffuse large B-cell lymphoma

Age ***

Mean (SD) 70.3 (11.3) 74.1 (10.6) 70.7 (11.0) 1.35 (1.31–1.41) ** <0.001

Sex

Male 12,904 (53.2) 1748 (56.2) 14,652 (53.5) Ref -
Female 11,365 (46.8) 1362 (43.8) 12,727 (46.5) 0.88 (0.82–0.95) 0.001

Deprivation

Least deprived 5348 (22.0) 547 (17.6) 5895 (21.5) Ref -
2 5586 (23.0) 652 (21.0) 6238 (22.8) 1.14 (1.01–1.29) 0.031
3 5115 (21.1) 641 (20.6) 5756 (21.0) 1.23 (1.09–1.38) 0.001
4 4665 (19.2) 676 (21.7) 5341 (19.5) 1.42 (1.26–1.60) <0.001
Most deprived 3555 (14.7) 594 (19.1) 4149 (15.2) 1.63 (1.44–1.85) <0.001

Route

Elective 15,495 (67.3) 1785 (58.8) 17,280 (66.3) Ref -
Emergency 7547 (32.8) 1252 (41.2) 8799 (33.7) 1.44 (1.33–1.56) <0.001
Missing 1227 (5.1) 73 (2.4) 1300 (4.7) - -
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Table 1. Cont.

No Comorbidity
N (%)

Comorbidity
N (%)

Total
N (%) OR † (95% CI) p-Value *

Follicular lymphoma

Age ***
Mean (SD) 66.2 (11.0) 72.0 (10.3) 66.7 (10.7) 1.62 (1.53–1.71) ** <0.001
Sex
Male 5980 (46.4) 532 (46.5) 6512 (46.4) Ref -
Female 6918 (53.6) 613 (53.5) 7531 (53.6) 1.00 (0.88–1.12) 0.949

Deprivation

Least deprived 3091 (24.0) 193 (16.9) 3284 (23.4) Ref -
2 3025 (23.5) 203 (17.7) 3228 (23.0) 1.07 (0.88–1.32) 0.487
3 2759 (21.4) 254 (22.2) 3013 (21.5) 1.47 (1.21–1.79) <0.001
4 2356 (18.3) 253 (22.1) 2609 (18.6) 1.71 (1.42–2.09) <0.001
Most deprived 1667 (12.9) 242 (21.1) 1909 (13.6) 2.32 (1.91–2.83) <0.001

Route

Elective 10,332 (87.2) 889 (81.0) 11,221 (86.7) Ref -
Emergency 1518 (12.8) 209 (19.0) 2407 (18.6) 1.60 (1.36–1.88) <0.001
Missing 1058 (8.2) 47 (4.1) 1105 (7.9) - -

* Chi-squared test of association; ** Odds ratio for each 10-year increase in age; *** Range of 45 to 99 years; † Odds
ratio of one or more comorbidities compared to none.

Cancers 2022, 14, x FOR PEER REVIEW 7 of 16 
 

 

Missing 1227 (5.1) 73 (2.4) 1300 (4.7) - - 

Follicular lymphoma 

Age ***      

Mean (SD) 66.2 (11.0) 72.0 (10.3) 66.7 (10.7) 1.62 (1.53–1.71) ** <0.001 

Sex      

Male 5980 (46.4) 532 (46.5) 6512 (46.4) Ref - 

Female 6918 (53.6) 613 (53.5) 7531 (53.6) 1.00 (0.88–1.12) 0.949 

Deprivation      

Least deprived 3091 (24.0) 193 (16.9) 3284 (23.4) Ref - 

2 3025 (23.5) 203 (17.7) 3228 (23.0) 1.07 (0.88–1.32) 0.487 

3 2759 (21.4) 254 (22.2) 3013 (21.5) 1.47 (1.21–1.79) <0.001 

4 2356 (18.3) 253 (22.1) 2609 (18.6) 1.71 (1.42–2.09) <0.001 

Most deprived 1667 (12.9) 242 (21.1) 1909 (13.6) 2.32 (1.91–2.83) <0.001 

Route      

Elective 10,332 (87.2) 889 (81.0) 11,221 (86.7) Ref - 

Emergency 1518 (12.8) 209 (19.0) 2407 (18.6) 1.60 (1.36–1.88) <0.001 

Missing 1058 (8.2) 47 (4.1) 1105 (7.9) - - 
* Chi-squared test of association; ** Odds ratio for each 10-year increase in age; *** Range of 45 to 

99 years; † Odds ratio of one or more comorbidities compared to none. 

 

Figure 2. Distribution of deprivation levels by diagnostic route stratified over comorbidity status 

amongst patients diagnosed with DLBCL (n = 27,379) or FL (n = 14,043) in England between 2005 

and 2013. 

Figure 2. Distribution of deprivation levels by diagnostic route stratified over comorbidity status
amongst patients diagnosed with DLBCL (n = 27,379) or FL (n = 14,043) in England between 2005
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Table 2. Net survival estimates by comorbidity status and diagnostic route amongst patients diag-
nosed with DLBCL (n = 27,379) or FL (n = 14,043) in England between 2005 and 2013.

1 Year
NS (95% CI)

3 Years
NS (95% CI)

5 Years
NS (95% CI)

Least Deprived Most
Deprived Least Deprived Most

Deprived Least Deprived Most Deprived

DLBCL

Comorbidity

None 71.3
(70.1–72.5)

64.9
(63.4–66.5)

58.9
(57.6–60.4)

52.5
(50.9–54.2)

53.3
(51.9–54.7)

45.7
(44.0–47.4)

At least one 58.0
(53.8–62.1)

54.2
(50.2–58.2)

44.1
(39.9–48.3)

37.4
(33.5–41.3)

35.4
(31.0–39.7)

30.4
(26.4–34.4)

Route

Elective 77.8
(76.5–79.1)

73.6
(71.9–75.3)

64.8
(63.3–66.3)

59.2
(57.3–61.1)

58.8
(57.2–60.4)

51.1
(49.1–53.2)

Emergency 51.0
(48.6–53.4)

45.3
(42.8–47.8)

39.4
(37.1–41.8)

34.6
(32.2–37.0)

34.3
(32.0–36.7)

30.2
(27.8–32.6)

Follicular

Comorbidity

None 94.1
(93.3–95.0)

91.7
(90.3–93.0)

86.3
(85.0–87.5)

79.6
(77.7–81.6)

79.0
(77.5–80.5)

70.5
(68.2–72.9)

At least one 85.0
(80.0–90.0)

83.5
(78.8–88.2)

70.5
(64.0–77.0)

68.4
(62.5–74.3)

56.6
(48.9–64.3)

53.7
(46.8–60.7)

Route

Elective 94.7
(93.9–95.6)

93.1
(91.9–94.4)

86.6
(85.3–88.0)

81.0
(79.0–82.9)

78.8
(77.1–80.5)

70.9
(68.4–73.3)

Emergency 82.8
(78.9–86.7)

75.9
(70.9–81.0)

72.9
(68.2–77.5)

62.7
(56.9–68.5)

64.2
(58.9–69.5)

53.5
(47.2–59.7)

DLBCL: diffuse large B-cell lymphoma; FL: follicular lymphoma; NS: net survival; 95% CI: confidence interval.

4.2. Natural Effect Estimates

Total causal effect (TCE). The total effect of comorbidity on survival is the summation
of the effects shown in Figure 1. Amongst those with comorbidity, for DLBCL, the odds
of death within 12 months were 1.50 (95% CI: 1.39–1.61) times that of those without
comorbidity; for FL, it was 1.71 times (95% CI: 1.45–2.02) (Table 3 and Figure 4). Over
time, the comorbidity effect slightly increased for patients with DLBCL, however, for FL,
the comorbidity effect was lowest at 3 years conditional on 1 year survival. At 5 years
conditional on 3-year survival, the comorbidity effect remained strong at 1.57 (95% CI
1.39–1.79) and 1.62 (95% CI 1.38–1.90) for DLBCL and FL, respectively.

Natural indirect effect (NIE). The indirect effect of comorbidity status through diag-
nostic route decreased as time since diagnosis increased for both DLBCL and FL (Table 3
and Figure 4). For both DLBCL and FL, the indirect effect was highest within 12 months
since diagnosis (DLBCL: OR 1.10 [95% CI 1.07–1.13], FL: OR 1.09 [95% CI 1.04–1.14]) and
gradually reduced through to 5 years since diagnosis (DLBCL: OR 1.01 [95% CI 1.00–1.02],
FL: OR 1.00 [95% CI 0.99–1.01]).

Proportion mediated (PM). For DLBCL and FL, the proportion mediated was highest
within the first 12 months since diagnosis and decreased over time since diagnosis (Figure 5).
Within the first 12 months since diagnosis, about a quarter (95% CI 17.5–29.5) and a sixth
(95% CI 6.0–25.6) of the effect of comorbidity on survival was mediated by diagnostic route,
for DLBCL and FL, respectively. With increasing time since diagnosis, the proportion of the
comorbidity effect mediated by diagnostic route decreased to 1.3% (95% CI 0.0–2.8) and
0.3% (95% CI −1.0–1.5) after 5 years since diagnosis of DLBCL and FL, respectively.
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Table 3. Natural effect estimates for the odds ratio of conditional mortality since diagnosis, comparing
comorbidity to no comorbidity mediated by diagnostic route, amongst patients diagnosed between
2005 to 2013 in England with DLBCL patients (n = 27,379) or FL patients (n = 14,043).

1 Year
OR (CI)

3 Years
OR (CI)

5 Years
OR (CI)

DLBCL

TCE 1.50
(1.39–1.61)

1.41
(1.28–1.57)

1.57
(1.39–1.79)

NDE 1.36
(1.27–1.46)

1.39
(1.26–1.54)

1.56
(1.38–1.78)

NIE 1.10
(1.07–1.13)

1.02
(1.01–1.03)

1.01
(1.00–1.02)

PM 23.5%
(17.5–29.5)

4.8%
(2.3 –7.2)

1.3%
(0.0–2.8)

FL

TCE 1.71
(1.45–2.02)

1.41
(1.23–1.62)

1.62
(1.38–1.90)

NDE 1.57
(1.34–1.85)

1.40
(1.22–1.61)

1.62
(1.38–1.90)

NIE 1.09
(1.04–1.14)

1.01
(1.00–1.02)

1.00
(0.99–1.01)

PM 15.8%
(6.0–25.6)

3.0%
(0.0–6.0)

0.3%
(−1.0–1.5)

NDE: natural direct effect; NIE: natural indirect effect; TCE: Total causal effect; PM: Proportion mediated; OR:
odds ratio; CI: 95% confidence interval; DLBCL: diffuse large B-cell lymphoma; FL: follicular lymphoma.
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and 2013.

5. Discussion

We aimed to estimate the proportion of the effect of comorbidity on survival that is
mediated by diagnostic route amongst patients diagnosed with diffuse large B-cell (DLBCL)
or follicular lymphoma (FL) in England.

Our results suggest that an elective (compared to an emergency) diagnostic route
would reduce the odds of mortality within the first 12 months since diagnosis by 24%
and 16%, for DLBCL and FL, respectively. This effect reduced over a longer follow-up
time but was still apparent at 3 years since diagnosis, given these patients had survived
1 year. Patients with FL are often, at least initially, managed via watch-and-wait, whereas
DLBCL is commonly treated with intensive immunochemotherapy, which may depend on
the presence of comorbidities. The difference in the comorbidity effect between the two
lymphoma subtypes (i.e., 24% vs. 16%) might be explained by the lack of information on
treatment allocation.

The proportion mediated estimates how much of the total effect of comorbidity on
survival operates through diagnostic route. If the proportion were large in our study,
then the effect of comorbidity on survival would primarily be through the diagnostic
route. However, in our study, since the proportion was small there may be other pathways
through which comorbidity is acting on survival. Since diagnostic route is thought to be a
process that identifies, and separates, comorbidity from cancer-related symptoms, a small
value for the proportion mediated shows that comorbidity does not have a large effect on
diagnostic route. Implying that, during the healthcare interaction (e.g., a general practi-
tioner consultation), comorbidity symptoms are being identified as separate from cancer
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related symptoms for most patients. On the other hand, since there is still an ostensive
value for the proportion mediated, this implies that comorbidity does influence diagnostic
route for some patients, possibly for those with milder or obscure cancer symptoms.

Other pathways for the effect of comorbidity on survival could be through its effect on
treatment allocation, quality and number of general practitioner examinations, or stage at
cancer diagnosis. Firstly, information within the data was not available for the prevalence
of treatment allocation (e.g., immunotherapies such as rituximab). Treatment allocation
may explain little of the comorbidity gap in survival for patients with FL because these
patients are managed via a watch and wait approach, unless they have a high-grade lym-
phoma. For DLBCL, the first line recommended treatment is immunochemotherapy (i.e.,
R-CHOP); however, a patient’s history of cardiac conditions might explain the comorbidity
gap in survival because these patients are more likely to be allocated less intensive (i.e.,
less cardiotoxic) treatments (e.g., R-CVP). For example, patients at risk of cardiotoxicity
(i.e., patients with underlying cardiac conditions) are likely to receive less intensive im-
munochemotherapies (e.g., combination chemotherapy without doxorubicin). Secondly,
the quality of general practitioner examinations prior to cancer diagnosis is associated with
the possibility of missed opportunities for early diagnoses, leading to a higher proportion
of emergency diagnoses [27]. Information on the quality of the examination may explain
the effect of comorbidity on diagnostic route thereby reducing the proportion mediated
that was found in this study. Thirdly, it is possible that similar results would be obtained
with stage at diagnosis as a mediator. Stage at diagnosis is closely associated with route
to diagnosis; for example, patients diagnosed via emergency presentation are likely to
have severe symptoms and an advanced cancer presenting with a late stage [28]. Lastly,
completion of a treatment plan is crucial for optimal chances of survival. Performance
status is known to be associated with the failure to complete the planned treatment of
R-CHOP, and treatments are often made less intensive due to the toxicity [29]. In this
study, information on performance status was not available; since this was not accounted
for, performance status might explain the comorbidity gap in survival through treatment
allocation and completion.

Our aim was to study the causal effect of comorbidity on survival whilst studying
intermediate pathways, this made the application of causal mediation analysis a natural
choice. Another strength of this study was the large population-based data incorporating
all patients diagnosed with DLBCL or FL between 2005 and 2013. To our knowledge, this
study is the first to disentangle the effects of comorbidity on survival of patients with
NHL. The effect of diagnostic route on survival of patients with NHL is well known;
emergency presentation is strongly associated with poorer health outcomes and worse
survival probability [16,30]. Moreover, the effects of comorbidity on a patient’s diagnostic
route are becoming clearer: the presence of comorbidities can either hasten the cancer
diagnosis (due to the patient having more numerous interactions with the healthcare
system) or delay the cancer diagnosis (due to comorbidities with similar symptoms) [31–33].
The multi-faceted interactions along a lymphoma patient’s pathway is not well known
but this study highlights the need for further research into this. For other cancers, and in
England, a study found that when using stage at diagnosis as a mediator for the deprivation
gap in survival, stage explained little of the survival inequalities.4 This could suggest that
including stage as a mediator in this study would not add further information beyond that
of diagnostic route.

Comorbidities, though more prevalent in patients who are elderly or live in more de-
prived areas, have been shown to explain little in age- and deprivation-related inequalities
in DLBCL or FL outcomes [34–36]. For policy purposes, further research could investigate
how our findings from mediation analysis varies by deprivation (and age). More com-
plex mediation analyses would however require more detailed information on individual
clinical factors and system-level factors. Such factors may act as barriers to help-seeking
behaviour, particularly among more deprived and elderly populations [33].
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This study has its limitations. Firstly, we used an ecological measure of a patient’s
deprivation level, which was geographically defined using the patient’s LSOA at the time
of cancer diagnosis. Ecological bias could be present in this study because area-based
income deprivation is possibly a poor predictor of individual income status [37]. However,
since deprivation level was a confounder, misclassification is expected to have only a
small influence on our conclusions in this study. Secondly, we did not include patients
diagnosed through death certificates. It is possible that these patients could have had a
short disease course and a more severe ill health, leading to an emergency presentation.
For these patients, the length of time that they lived with the disease before death (i.e., their
survival) is unknown, and including these patients would give an underestimate of the
true survival probability. Moreover, there was a small proportion of patients diagnosed
through DCO (DLBCL 0.8%, FL: 0.3%): including these patients would have a negligible
effect on our results.

We used hospital episode records (i.e., Hospital Episode Statistics data) to determine a
patient’s comorbidity history. These records have universal coverage, allow for longitudinal
linkage (ideal for cohort studies), and adheres to standardised coding practices [38]. These
records are primarily collated for reimbursement purposes within the National Health
Service rather than for research purposes and it is possible that some comorbidities are
poorly recorded. However, administrative data (such as HES) has been suggested as the
best available option, in comparison to clinical records, to ascertain comorbidity status for
the Charlson comorbidity index [39,40].

Although diagnostic routes are well-defined, the process to identify the route is often
complex [16]. A ‘route to diagnosis’ is a sequence of interactions between the patient and
the healthcare system, but for analytical purposes are grouped into eight broad categories.
This study focused on the comparison of emergency diagnostic route compared to other
routes. There are close similarities in the qualitative definition between two-week-wait
(TWW) referrals by a general practitioner and emergency route to diagnosis. For example,
if HES records indicate an emergency route but a TWW record exists, then the TWW record
takes priority if the emergency record date is more than 28 days prior to the decision to
treat date. Given than comorbidity and deprivation can contribute to a delay in treatment,
it is possible that some of these patients (who were recorded as TWW) should have been
recorded as emergency diagnosis. Further studies could investigate this hypothesis by
assuming different proportions of those patients diagnosed through TWW were emergency
diagnosis, and measuring the proportion mediated accordingly.

In conclusion, our results show the effect of comorbidity status on survival of patients
with lymphoma in England are partly explained by diagnostic route. Efforts to reduce
diagnostic delay amongst patients with comorbidity would reduce DLBCL and FL survival
inequalities by roughly 24% and 16% within the first 12 months since diagnosis, for DLBCL
and FL, respectively. The proportion of the mediated effect reduces over time but is still
apparent at 36 months since diagnosis. Public health programs could be redefined and
implemented to reduce diagnostic delay amongst lymphoma patients with comorbidities.
Further research should examine whether our findings differed in underserved areas.
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Simple Summary: Good communication is key in cancer care, especially when doctors and patients
come from different cultures or speak different languages. We studied 42 videos of doctors talking to
Italian and foreign cancer patients during their visits. We looked at how they talked to each other,
whether they misunderstood anything, whether there were interruptions, and how much trust and
emotion were shown. The type of appointment and the doctor’s personal style mattered more than
whether the patient was Italian or foreign. This tells us that even when foreign patients can speak
the language well, doctors cannot only rely on this to communicate effectively. Doctors should pay
attention to interruptions and focus on taking care of the patient as a whole person. The methods we
used in this study could help doctors improve their communication skills, which will lead to better
care for all patients.

Abstract: Effective communication is crucial in cancer care due to the sensitive nature of the infor-
mation and the psychosocial impact on patients and their families. Patient-centered communication
(PCC) is the gold standard for providing quality cancer care, as it improves patient satisfaction,
treatment adherence, clinical outcomes, and overall quality of life. However, doctor–patient commu-
nication can be complicated by ethnic, linguistic, and cultural differences. This study employed the
ONCode coding system to investigate PCC practices in oncological visits (doctor’s communicative
behavior, patient’s initiatives, misalignments, interruptions, accountability, and expressions of trust
in participants’ talk, Markers of uncertainty in doctor’s talk, markers of emotions in doctor’s talk).
Forty-two video-recorded patient–oncologist encounters (with 22 Italian and 20 foreign patients),
including both first and follow-up visits, were analyzed. Three discriminant analyses were conducted
to assess differences in PCC between patient groups (Italian or foreign patients) according to the type
of encounter (first visit or follow-up) and the presence or absence of companions during the encoun-
ters. Multiple regression analyses were performed to evaluate the PCC differences by oncologist age,
patient age, and patient sex, controlling for the type of encounter, the presence of a companion during
the visit, and patient group on ONCode dimensions. No differences were found in PCC by patient
group in discriminant analyses and regressions. Doctor communication behavior, interruptions,
accountability, and expressions of trust were higher in first visits than in follow-ups. The disparities
in PCC were primarily linked to the type of visit and the age of the oncologist. However, a qualitative
analysis showed notable differences in the types of interruptions during visits with foreign patients
compared to Italian patients. It is essential to minimize interruptions during intercultural encounters
to foster a more respectful and conducive environment for patients. Furthermore, even when foreign
patients demonstrate sufficient linguistic competence, healthcare providers should not solely rely on
this factor to ensure effective communication and quality care.

Keywords: patient-centered communication; oncology encounters; intercultural communication;
ONCode coding system; video-recorded visits; communication barriers; cancer care quality
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1. Introduction

Oncology visits offer a unique ecology for studying communication and its effects. The
unique characteristics of cancer care influence the communication process between doctors
and patients. Neoplasms are serious and potentially life-threatening diseases, but they
also hold the possibility of cure. Therapies involve numerous treatment modalities and
different professionals (oncologists, surgeons, radiotherapists, nurses, etc.). Furthermore,
during these encounters, high stress levels, uncertainty, complex information, and life-
changing medical decisions are involved. During oncology visits, physicians and patients
engage in an intense communication activity that involves providing, understanding, and
remembering information about the disease and treatments. Effective communication can
alleviate suffering by improving the emotional well-being of patients. It can also indirectly
improve treatment adherence [1].

Recognizing the importance of effective communication in oncology, ASCO [2] pub-
lished guidelines for physicians on Patient-Centered Communication practices (PCC).
PCC is a multidimensional construct that involves the co-construction and integration
of instrumental, affective, and participation behaviors [1,3–5]. PCC aims to improve the
effective exchange of information between participants, respond to the emotions expressed
by the patient, and manage the uncertainty of the encounter. Moreover, PCC contributes
to building a lasting relationship between the parties and involves the patient in the care
process and therapeutic decisions through discussion and shared understanding of the
disease and available treatments [1,6–10].

The importance of PCC practices is reflected in studies that demonstrate its positive
impact on patient well-being. It is well established that PCC can have a positive influence
on post-visit health outcomes, including satisfaction, reduced emotional distress, anxiety,
and improved physical and psychological quality of life [6,11–13]. In addition, patients
who are more involved in the decision-making process tend to be more satisfied with the
encounter. They are more knowledgeable about their disease, exhibit higher treatment
compliance, are better able to control their condition, and experience an improved quality
of life after diagnosis and treatment [14,15]. Finally, empathic listening, addressing patients’
concerns and fears, and providing reassurance all contribute to the establishment of a
trusting relationship. This, in turn, leads to greater compliance with medical treatment,
better psychological health, reduced emotional distress, and decreased anxiety [16–19].

Providing a diagnosis and clear, written information about treatment, giving space
for the patient to ask questions, seek clarification and express doubts, as well as accept-
ing the patient’s concerns and emotional states are communicative activities that, along
with other actions such as: explaining and discussing the severity of the disease, provid-
ing comprehensive information about the available options and the treatment pathway,
would define lower levels of cancer-related anxiety and depression, higher levels of sat-
isfaction following the encounter, and greater competence, compliance, adherence, and
self-management of the proposed therapy [4,20,21]. In turn, adherence to treatment in-
creases the chances of survival, enables better management and quality of therapeutic
outcomes and, from a broader perspective, leads to a reduction in healthcare costs and
unnecessary treatments [1,7,19,22–31].

In this sense, there is a “virtuous circle of PCC” [32] in which the more the oncologist
integrates and co-constructs a PCC with patients and caregivers during visits character-
ized by affective, instrumental, and participative behaviors, the greater the chances of
establishing a solid relationship of trust between the parties; that the patient will have a
better understanding of the illness and the therapies that the patient will comply with the
proposed medical treatments, and that there will be positive results on his or her health
and psychological well-being over time.

The virtuous circle of PCC tends to be challenged when communication takes place be-
tween doctors and foreign patients. Studies conducted in an intercultural context illustrated
the complexity of doctor–patient communication when the latter is a foreigner and there are
linguistic, communicative, interpretative, and relational barriers [33]. Studies of migrant pa-
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tients have shown that they face multiple sources of stress when engaging with healthcare,
including difficulties in understanding or navigating the local healthcare system, commu-
nication challenges, and language barriers. Other factors that contributed to inequalities in
health outcomes among foreign patients included an inaccurate understanding of diagnosis
and treatment and an increased incidence of communicative misunderstandings regarding
the causes of cancer. These barriers, in turn, affect the comprehension of diagnosis and
treatment, resulting in poor long-term health outcomes [34–40]. Such barriers are also asso-
ciated with more significant psychological distress and lower quality of life among foreign
cancer patients [41–43]. Furthermore, the different linguistic, ethnic, and cultural identities
of patients and physicians influenced the expectation of mutual understanding [39,44,45].
On the one hand, foreign patients exhibit less assertiveness and verbal expressiveness
and experience difficulties in using effective conversation strategies. On the other hand,
physicians showed greater emotional detachment, adopted more directive behavior, and
spent less time explaining the disease and treatment to foreign patients.

The few studies investigating PCC in the intercultural context underline physicians’
difficulties in building patient-centered interactions and the communication needs of for-
eign patients during medical visits. Research with migrant women highlighted barriers to
the implementation of PCC due to language, the poor training of doctors, and organiza-
tional difficulties within hospitals and the health care system. Research also highlighted
the need for doctors to have more knowledge about how to establish a PCC with migrant
patients and the lack of attention given by health professionals to their concerns and ques-
tions. These patients also emphasized the need for more information and time to discuss
their condition with professionals [46]. Studies conducted in the US on PPC in ethnic mi-
norities showed that compared to white men, black and Hispanic/Latino patients reported
fewer experiences of patient-centered medical visits, greater unmet needs, more significant
experiences of discrimination, and dissatisfaction with treatment discussions [47]. Similarly,
studies conducted in the US and Canada with Asian-American and Asian-Canadian cancer
patients (male and female) reported that they were less likely to be involved in treatment
decisions compared to white patients, and language was the main factor contributing
to perceived disparities [47–51]. On the other hand, studies investigating the positive
effects of PCC on the experiences of migrant patients showed that satisfaction with the care
received increased, regardless of the racial concordance between the doctor and the patient.
This increase was observed when the specialist spent time with the patient, informed and
explained the patient’s health condition, showed support, and involved the patient in
treatment decisions [52,53].

Drawing on a corpus of video recording of oncology visits, the present study aims
to contribute to the literature by exploring PCC practices in the Italian medical context.
Italian medical context is understudied in relation to PCC practices with ethnically diverse
groups. Our first objective is to explore potential differences in PCC practices in two kinds
of medical encounters: oncology visits between Italian doctors and Italian patients and
oncology visits between Italian doctors and foreign patients. Our second objective is to
verify if the differences in PCC depend on the type of visit and the presence/absence of
companions. Finally, we analyzed the effects on the PCC of six non-interacting variables,
including the type of encounter, age of the oncologist, age of the patient, patient’s gender,
the presence of a companion, and the nationality of the patient.

2. Materials and Methods
2.1. Participants

The video-recorded medical visits analyzed in this study were collected in the oncology
unit of a medium-sized Italian hospital operated by a Religious Order during ethnographic
research in 2019. The research received approval from the Ethics Committee of the hospital
(Prot. No. 1886/CE Lazio) and the Ethics Committee of the Department of Social and
Developmental Psychology, Sapienza University of Rome (Prot. No. 0000944). These
videos included interactions between eight different oncologists (equally distributed by
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gender) and 42 patients, of which 22 were Italian (17 women, age M = 57 years; 5 men,
M age = 71) and 20 foreigners (15 women, M age = 52 years; 5 men, M age = 61). The
foreign patients’ countries of birth were Romania, Peru, Albania, USA, Moldova, Cameroon,
Bulgaria, Ecuador, Kosovo, Egypt, Poland, the Philippines, Ukraine, Mexico, and Paraguay.
The heterogeneity of the ethnic background of these patients reflects the inhomogeneity
of the Italian context. According to census data [54], foreigners residing in Italy as of 1
January 2022, number 5,030,716 and account for 8.5 percent of the total population. Except
for Romanians, who account for about 20% of all foreign residents, there are four groups
each representing 5–10%, and 12 groups each representing between 1 and 5%. Friends
or relatives accompanied eleven Italian and nine foreign patients in the examination
room. The most common neoplasms among the participants were breast cancer (42.9%),
followed by gastrointestinal stromal tumors (21.4%), gynecological cancers (11.9%), lung
cancer (11.9%) and head and neck cancer, urological cancers, neuroendocrine tumors, liver
cancer and lymphoma tumors (2.4% each). Italian language proficiency was assessed
retrospectively to avoid selection bias. Specifically, video-recorded visits were coded using
the indicators included in the Common European Reference Framework for Languages [55],
and a language proficiency score (encompassing both comprehension and production) was
assigned to each patient. Ninety percent of the patients demonstrated at least a sufficient
knowledge of the Italian language, and 65% of them were highly proficient. Generally,
patients with lower competence in the Italian language were those who were accompanied
most frequently.

2.2. Materials and Procedure

This corpus consisted of 42 video recordings, selected to represent a diverse range of
encounters, such as follows: (a) first-time, post-surgical encounters; (b) follow-up oncolog-
ical visits; (c) intercultural oncological encounters with foreign patients; (d) oncological
visits with Italian patients. By including diverse encounters, our goal was to provide com-
prehensive coverage of communication dynamics in different contexts within the oncology
setting. We collected data during the first time post-surgical visits (20 in total, equally
distributed by foreign and Italian patients) and follow-up visits (22 in total, ten with foreign
patients and twelve with Italian patients). Oncologists, patients, and companions were
invited to participate in the study while waiting for their appointment. Those who agreed
to participate were asked to sign a written informed consent form to take part in the study
and allow video recording of the visit. A video camera was placed in the examination
room, focusing on the patients, companions, and physicians interacting.

We used the ONCode tool to assess PCC during over 13,000 interaction turns, amount-
ing to a total of 18 h of oncological visits. ONCode is a new coding system specifically
developed to capture doctor–patient communication practices in post-surgical oncological
encounters [56]. It was developed based on video-recorded consultations in Italian hospi-
tals from 2012 to 2020. ONCode is grounded in emic notions of PCC, together with evidence
and definitions provided by the literature [57–59]. Moreover, previous studies provided the
ground for a situated definition of the PCC dimensions used in ONCode. Prior work pro-
vided an empirical ground for understanding how patient-centered communication unfolds
within the cultural, organizational, and medical constraints of oncological consultations in
Italy [60–64] while also documenting the overall structural organization of these oncology
consultations, which routinely include a sequence of stages and activities [65–68]. By exam-
ining the extent to which and how each participant (i.e., doctor, patient, and companion,
if present) participated in various communicative actions, ONCode provides the follow-
ing interactive dimension scores: physician’s communicative behavior (DCB), patient’s
initiatives (PI), misalignments between doctor and patient (MIS), interruptions in visits
(INT), accountability and expressions of trust in the talk (ACC), markers of uncertainty
in doctor’s talk (MOU), and markers of emotions in doctor’s talk (MOE). In a previous
study [56], ONCode scores displayed good reliability even when employed by a single
observer and had incremental validity above other existing coding systems for analyzing
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PCC. Table 1 reports a thorough description of each score, including operative definitions
and examples. In the present study, we also considered the following non-interactional
variables as potentially affecting PCC: the age of the oncologist, patient’s age, patient’s sex,
type of encounter, presence of a companion during the visit, and patient’s nationality.

Table 1. ONCode dimensions, operative definitions, and examples.

ONCode Dimension Operative Definition Examples

Doctor’s communicative
behavior (DCB)

We observed how the doctor
accomplished the activities at each stage
of the consultation. It concerns affective,
instrumental and participation verbal
and non-verbal behaviors, which can be
present about the activity in progress in
each phase.

Some communicative actions included how the
doctor recommended a treatment, prescribed the
following examinations, or delivered the diagnosis.
We relied on linguistic actions, such as questions,
meta-pragmatic formulations, explanations, and
recommendations. Additionally, we noted whether
and how the doctor engaged in small talk, used
humor, and allowed the patient to propose questions
and initiatives of interest to her or him.

Patient’s initiatives (and
companion) (PI)

We observed whether and how the
patient and companion co-constructed
the encounter.

We examined each patient and companion
communication action during each stage of the visit,
including whether patients and their companion
took initiatives, such as asking questions, expressing
concerns, proposing a topic, or simply aligning with
what the doctor said or asked.

Misalignments (MIS)

We observed whether a fracture in the
co-orientation of participants toward the
same activity or in the understanding of
the topic had occurred.

What is evaluated is whether, and with what effort,
the participants repaired the fracture and reached an
agreement or, instead, remained in distant positions.

Interruptions (INT)

We observed interruptions in all the
moments in which the consultation was
suspended due to matters that did not
concern the current consultation and the
patient. We checked for interruptions at
each stage of the consultation.

Interruptions included phone calls, the doctor
leaving the room, exchanges with the nurse, or other
doctors entering the room. Interruptions due to
systematic organizational routines (e.g., the doctor
goes out to photocopy the patient’s exams) were not
counted.

Accountability and
expressions of trust in
participants’ talk (ACC)

We observed how the doctor made
her/himself accountable to the patient by
providing access to her/his medical
knowledge and reasoning. We also
assessed if the patient topicalized trust
and confidence in the doctor discourse.

The accountability involves explaining the rationale
used for recommending treatment, providing
alternative options for treatment, and using
metapragmatic markers that help the patient orient
themselves within the consultation activities.
Furthermore, we coded expressions of trust and
confidence in patient discourse in the oncology, such
as “If the doctor says so, I will do it” or “You are the
doctor, and I trust what you say”.

Markers of uncertainty in
doctor’s talk (MOU)

We observed mentions of uncertainty in
the doctor’s talk, that is, when the doctor
showed uncertainty about the treatment
outcomes, test results, or treatment
possibilities

They refer to all those occasions when the doctor
showed uncertainty in their speech by using
modalized or evidential moods, reference to
probability, emphasizing small benefits, expressing
uncertainty of outcomes and test results (e.g., “The
recommendation for treatment is not absolute in my
opinion, but I tend to prescribe it”).

Markers of emotions in
doctor’s talk (MOE)

We observed whether there were
occasions during the doctor’s
conversation when he/she expressed
verbal and non-verbal socio-affective
behaviors

We observed whether there were sequences of
reassurance (e.g., the doctor highlights positive sides
of the situation), jokes or humor, the doctor’s
response to emotional concerns expressed by the
patient, and whether the doctor gestures of support
such as touching hands.
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2.3. Statistical Analysis

The skewness and kurtosis statistics of the seven ONCode scores ranged between −2
and +2, suggesting that the assumption of normality has not been violated, and parametric
statistics can be applied [69]. Furthermore, the presence of heteroscedasticity was checked,
and it was found that all the residuals were homoscedastic. To determine whether there are
differences in PCC between visits with Italian and foreign patients, a discriminant analysis
was carried out on the seven ONCode scores, considered simultaneously. Similarly, to
examine whether there were differences in the PCC within the corpus based on the type of
visit and the presence of the companion, two additional discriminant analyses were carried
out on the seven ONCode interactive dimensions, considering them simultaneously. Finally,
to analyze the effect of the noninteractive variables (i.e., age of the oncologist, patient’s
age, patient’s sex, type of encounter, presence of companion during the visit, and patient’s
nationality) on the ONCode interactive dimensions, seven separate multiple standard
regressions were performed for each interactive dimension of the system, while ruling out
multicollinearity issues. All of the analyses were performed using STATISTICA 13.

3. Results
3.1. Discriminant Function Analyses

In the first discriminant analysis, the investigation focused on examining the presence
of differences in PCC between the Italian patient group and the foreign patient group using
the patient’s nationality as the group factor. However, Fisher’s F value was found to be
nonsignificant, F (7, 34) = 0.446, p = 0.86. The seven ONCode scores did not discriminate
between the groups, nor did they make a unique significant contribution to the discrimina-
tion between the groups. Thus, no differences in PCC were found during visits depending
on whether the patients belonged to the Italian or foreign group of patients.

In the second discriminant analysis, the presence or absence of the accompanying
person considered during the visits was considered the grouping factor. The main results
are reported in Table 2. The overall model was not statistically significant in discriminating
between the groups based on the presence of a companion, F (7, 34) = 1.62, p < 0.16. A
closer examination of the individual variables showed that none of them individually
contributed significantly to the discrimination between the groups, except for interruptions
(INT) with partial Lambda of 0.84, p < 0.01. The frequency of interruptions played a role
in differentiating between the groups, and this variable’s contribution to distinguishing
unaccompanied patients from accompanied ones was independent of any contributions
made by other variables.

As shown in Table 3, the number of interruptions during visits increased when the
patient was accompanied.

The last discriminant analysis considered the type of encounter, comparing the group
of first visits with the group of follow-up visits (Table 4). The significant omnibus test,
F (7, 34) = 3.17, p = 0.01, indicated that the set of variables considered discriminated be-
tween the types of encounters. The analysis also revealed that interruptions (INT) had the
highest F-remove value (3.18) and the lowest p-level (0.08), suggesting that they may be the
most important ONCode variable to distinguish between first visits and follow-ups. Other
variables, such as doctor’s communicative behavior (DCB), accountability and expressions
of trust in participants’ talk (ACC), and markers of uncertainty in doctor’s talk (MOU), also
had relatively high F-remove values and low p-levels, indicating that they may contribute
to the differences between the two groups as well.

Although no individual variable (partial Lambda) reached the conventional levels
of statistical significance, the overall analysis of discriminant functions was significant,
indicating a significant difference between the two groups when considering all variables
collectively. This finding suggests that a multivariate effect may have obscured the univari-
ate effects of the variables, making it challenging to determine the individual contributions
of each variable to the differences between the two groups.
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Table 2. Discriminant Function Analysis Summary for presence of accompanying person (Unaccom-
panied Patient vs. accompanied Patient).

N = 42

Discriminant Function Analysis Summary
No. of Vars in Model: 7; Grouping: Companion (2 Groups)
Wilks’ Lambda: 0.75 Approx. F (7, 34) = 1.62 p = 0.164

Wilks’ Lambda Partial Lambda F-Remove (1, 34) p-Level Toler. 1-Toler
(R-Sqr.)

Doctor’s communicative
behavior (DCB) 0.76 0.99 0.34 0.56 0.50 0.50

Patient’s initiatives (and
companion) (PI) 0.76 0.98 0.61 0.44 0.58 0.42

Misalignments (MIS) 0.78 0.96 1.44 0.24 0.89 0.11
Interruptions (INT) 0.90 0.84 6.69 0.01 0.80 0.20
Accountability and
expressions of trust in
participants’ talk (ACC)

0.76 0.99 0.31 0.59 0.61 0.39

Markers of uncertainty in
doctor’s talk (MOU) 0.79 0.95 1.85 0.18 0.90 0.10

Markers of emotions in
doctor’s talk (MOE) 0.76 0.99 0.35 0.56 0.81 0.19

Table 3. Means for the presence of an accompanying person (Unaccompanied patient vs. accompa-
nied patient).

Companion
Means

DCB PI MIS INT ACC MOU MOE Valid N

Unaccompanied 8.63 4.58 3.63 0.54 1.33 0.33 1.63 24
Accompanied 9.17 4.78 3.00 1.11 .22 0.50 1.78 18
all Groups 8.86 4.67 3.36 0.79 1.29 0.41 1.69 42

Legend: DCB = doctor’s communicative behavior; PI = patient initiatives (and companion); MIS = misalignments;
INT = interruptions; ACC = accountability and expressions of trust in participants’ talk; MOU = markers of
uncertainty in the doctor’s talk; MOE = markers of emotions in doctor’s talk (MOE).

Table 4. Discriminant Function Analysis Summary for type of encounter (Follow-up vs. First Visit).

N = 42

Discriminant Function Analysis Summary
No. of Vars in Model: 7; Grouping: Type of Encounter (2 Groups)
Wilks’ Lambda: 0.61 Approx. F (7, 34) = 3.12 p < 0.05

Wilks’ Lambda Partial Lambda F-Remove
(1, 34) p-Level Toler. 1-Toler (R-Sqr.)

Doctor’s communicative
behavior (DCB) 0.65 0.93 2.69 0.11 0.56 0.44

Patient initiatives (and
companion) (PI) 0.63 0.97 1.08 0.31 0.58 0.42

Misalignments (MIS) 0.62 0.98 0.81 0.37 0.90 0.10
Interruptions (INT) 0.66 0.92 3.18 0.08 0.77 0.23
Accountability and
expressions of trust in
participants’ talk (ACC)

0.65 0.93 2.66 0.11 0.71 0.29

Markers of uncertainty in
doctor’s talk (MOU) 0.65 0.93 2.63 0.11 0.93 0.71

Markers of emotions in
doctor’s talk (MOE) 0.63 0.96 1.48 0.23 0.79 0.21

Examining the standardized coefficients of the discriminant function reported in
Table 5 can be an appropriate analytic approach to identify the variables that contributed the
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most to discrimination between first visits and follow-ups within the context of a significant
multivariate effect. This approach allowed us to better understand the complexity of
the multivariate effect and gain insights into the relative importance of each variable in
differentiating PCC by type of encounter.

Table 5. Standardized Coefficients for Canonical Variables.

ONCode Dimensions
Standardized Coefficients for Canonical Variables

Root 1

Doctor’s communicative behavior (DCB) 0.58
Patient’s initiatives (and companion) (PI) −0.37
Misalignments (MIS) −0.26
Interruptions (INT) 0.53
Accountability and expressions of trust in participants’ talk (ACC) 0.51
Markers of uncertainty in doctor’s talk (MOU) 0.44
Markers of emotions in doctor’s talk (MOE) −0.37

Using a cut-off point of 0.50 for interpretation, Table 5 revealed that doctor commu-
nicative behavior (DCB), interruptions (INT), and accountability and expressions of trust
in participants’ talk (ACC) had the strongest positive coefficients, indicating that these
variables were more prominent in distinguishing the two groups. The markers of uncer-
tainty in doctor’s talk (MOU) had a moderate positive coefficient, indicating a moderate
contribution to the differences between the groups. On the other hand, patient’s initiatives
(and companion) (PI), misalignments (MIS), and markers of emotions in doctor’s talk
(MOE) had negative coefficients, suggesting that these variables were less influential in
differentiating between encounters.

As shown in Table 6, the ONCode dimensions that had the greatest influence on the
discriminant function (i.e., doctor communication behavior, interruptions, accountability,
and expressions of trust) were higher in first-visit encounters. Similarly, markers of uncer-
tainty were higher during first-visit encounters, but this ONCode dimension had a lower
weight on the discriminant function.

Table 6. Means for type of encounter (follow-up vs. first visit).

Type of
Encounter

Means

DCB PI MIS INT ACC MOU MOE Valid N

Follow-up 8.09 4.55 3.59 0.64 0.91 0.27 1.77 22
First Visit 9.70 4.80 3.10 0.95 1.70 0.55 1.60 20
all Groups 8.86 4.67 3.36 0.79 1.29 0.41 1.69 42

Legend: DCB = doctor’s communicative behavior; PI = patient’s initiatives (and companion); MIS = misalignments;
INT = interruptions; ACC = accountability and expressions of trust in participants’ talk; MOU = markers of
uncertainty in doctor’s talk; MOE = markers of emotions in doctor’s talk (MOE).

Anticipating the discussion, more interruptions occurred during initial oncology visits
than during follow-up visits, possibly due to the longer duration of first-time encounters
or the increased participation of companions. Furthermore, oncologists used more PCC
strategies during initial consultations than during follow-up visits. This was also related to
the presence of trust and responsibility expressions in the conversations. In fact, during the
initial appointments, doctors provided diagnostic explanations that supported the choice
of medical treatments that patients would need to follow over time.

The ONCode scores were able to correctly classify 82% of the follow-up visits, while
first visits were correctly classified in 75% of the cases. This result underscores the strong
discriminatory ability of all dimensions of the ONCode in distinguishing between types of
visits. Additionally, the square of the canonical correlation coefficient (Canonical R2 = 0.39;
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Chi2 = 18.32, df = 7, p < 0.05) indicated that the set of variables explained approximately
40% of the variance in the PCC due to differences in the type of encounters.

3.2. Regression Analyses

We conducted seven multiple standard regression analyses, one for each dimension of
the ONCode, using the non-interactive variables collected in the present study as predictors:
oncologist age, patient age, patient sex, type of interaction, presence of a companion during
the visit, and patient nationality. The only significant analysis was for interruptions (INT) as
the dependent variable. As shown in Table 7, there was a significant relationship between
interruptions and several variables, namely the age of the oncologist, the nationality of the
participant, and the presence of the companion. These variables significantly contributed
to the prediction of interruptions, R2 = 0.37, p < 0.01, and F (6, 35) = 3.47. The beta
coefficient for each variable was positive, indicating that higher values on these variables
were associated with a higher frequency of interruptions. Specifically, older oncologists
(β = 0.44), patients from foreign countries (β = 0.31), and the presence of a companion
during the visit (β = 0.49) were associated with more interruptions during the medical
encounters. The other variables, including the type of encounter, patient’s age, and patient’s
sex, did not significantly contribute to the prediction of interruptions.

Table 7. Regression summary for dependent variable interruption.

N = 42

Regression Summary for Dependent Variable: Interruption R = 0.61
R2 = 0.37 Adjusted R2 = 0.26 F (6, 35) = 3.47 p < 0.01
Std. Error of Estimate: 0.62

Beta Std. Err. of
Beta B Std. Err. of B t(35) p-Level

Intercept −1.21 0.83 −1.47 0.15
Type of Encounter −0.05 0.15 −0.07 0.22 −0.34 0.73
Oncologist’s age 0.44 0.15 0.03 0.01 2.94 0.01
Patient’s age −0.01 0.16 0.00 0.01 −0.04 0.97
Patient’s sex 0.05 0.15 0.08 0.24 0.32 0.75
Companion’s presence 0.49 0.15 0.70 0.21 3.30 0.00
Patient’s nationality 0.31 0.15 0.44 0.21 2.13 0.04

All independent variables had relatively low levels of redundancy, as shown in Table 8,
and each made a unique contribution to the prediction of interruptions.

Table 8. Redundancy of independent variables and DV interruption.

Variable

Redundancy of Independent Variables;
DV: Interruption
The R-Square Column Contains the R-Square of the Respective Variable with All Other
Independent Variables

Toleran. R-Square Partial Cor. Semipart Cor

Type of Encounter 0.77 0.23 −0.06 −0.05
Oncologists’ age 0.82 0.19 0.45 0.39
Patients’ age 0.72 0.28 −0.01 −0.01
Patients’ gender 0.85 0.15 0.06 0.04
Companions’ presence 0.81 0.19 0.49 0.44
Patients’ nationality 0.85 0.15 0.34 0.29

Since the beta values of the three variables were significant, we can compare their
unique contributions by squaring the semipartial correlations shown in Table 9. The results
indicated that the presence of a companion had the highest semi-partial correlation (0.44),
followed by oncologist age (0.39) and patient nationality (0.29). These variables were the
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most important predictors of oncological visits, and there were no collinearity issues in
the analysis.

Table 9. Semi-partial correlations between the VIs and the DV interruption.

Independent Variables Semipartial
Correlation

% Explained
Variance

Type of Encounter −0.05 0.21
Oncologists’ age 0.39 15.46
Patients’ age −0.01 0.00
Patients’ gender 0.04 0.19
Companions’ presence 0.44 19.44
Patients’ Nationality (groups) 0.29 8.13

It should be noted that in the discriminant analyses, the ONCode variables (including
interruptions) did not differentiate patients by nationality. However, in the regression,
belonging to the Italian or foreign patient group appears to be a significant predictor of
the “interruptions” variable. This discrepancy is likely due to the contribution of the other
variables included in the regression, such as the patient’s age and gender, which may
have acted as “suppressors” [70] of the variance related to nationality that was not directly
associated with the “interruptions” variable. As a result, there was an increase in the
component of “unique” variance shared between nationality and interruptions.

3.3. Qualitative Analyses

Prompted by regression analysis, we conducted a qualitative analysis of the inter-
ruption occurrences to gain a deeper understanding of the interruptions that occurred
throughout the encounters. Our analysis revealed that oncologists aged over 40 experienced
interruptions more frequently than their younger counterparts. The interruptions experi-
enced by older oncologists included requests for advice, comments, and comparisons from
peers in the same specialty about other patients, consultations from other specialists (such
as radiotherapists) regarding ongoing treatments for shared patients, the secretary entering
the room to ask for information and/or resolve issues with patients and/or appointments,
the secretary entering the room to collect or return medical records, a patient leaving
the room. The head of the department, being one of the senior oncologists, experienced
the most interruptions during visits. These interruptions were not only for the reasons
mentioned above but also due to the need to address issues related to the management
and organization of the oncology department. The “nature” of the interruptions, especially
those involving requests from other coworkers (such as seeking advice on another patient’s
ongoing treatment or seeking information on a specific case) and/or consultations from
other specialists (such as discussing the possibility of performing radiotherapy on a pa-
tient), was a practice that, in this corpus, was observed only in the visits of experienced
oncologists with several years of clinical practice and who had been collaborating with
other oncologists for an extended period. The consultations with younger oncologists
(under 40 years old) were occasionally interrupted and typically for non-organizational
reasons, such as the secretary entering the room or the doctor’s mobile phone ringing.

To gain a better understanding of the reasons for interruptions during visits with
foreign patients, we focused on distinguishing between different sources of interruptions.
Specifically, we categorized interruptions into two groups: those originating from outside
the examination room (e.g., the secretary knocking on the door or phone ringing) and those
originating from inside the room (e.g., the doctor leaving the room or making unrelated
phone calls during the consultation). Our findings indicated that interruptions during
visits with Italian patients were primarily attributed to external events that involved only
the oncologist or hospital staff. However, in four instances during intercultural visits, the
interruption of the visit could be attributed to phone calls made to the private mobile
phones of patients and caregivers. Additionally, visits with foreign patients experienced
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interruptions due to internal events that originated from the oncologists themselves. For
instance, on six occasions, the oncologist made phone calls for professional or organizational
activities that were unrelated to the ongoing visit. Thus, in contrast to visits with Italian
patients, visits with foreign patients were more susceptible to interruptions caused by both
external events affecting patients and their companions as well as internal events initiated
by the oncologist.

4. Discussion

Using a corpus of video recordings of oncology visits and a recently developed ob-
servational coding system (ONCode), the present study aimed to explore PCC practices
with cancer patients in an Italian religious-order-operated hospital. Our first objective was
to investigate differences in PCC practices in medical encounters between Italian doctors
and Italian patients and those involving Italian doctors and foreign patients. Previous
research addressing this issue has reported differences in communication practices during
intercultural encounters with foreign patients, highlighting the role of linguistic, cultural,
and ethnic backgrounds [33–40]. Language has been identified as a primary contribut-
ing factor to difficulties in PCC [48–51]. However, doctor training and organizational
challenges within hospitals and healthcare systems have also been reported as barriers to
effective PCC [46,48–51]. For example, foreign patients have expressed the need for more
information and time to discuss their condition with healthcare professionals rather than
complaining about linguistic problems [46]. Furthermore, studies conducted internation-
ally have shown that patients from ethnic minorities typically report fewer patient-centered
medical visits and more experiences of discrimination compared to white men. For ex-
ample, qualitative analyses in oncology indicated that black and Hispanic men had more
unmet needs during interactions with physicians, received fewer inquiries about their
preferences and priorities, and expressed greater dissatisfaction with long-term treatment
discussions [47,71,72].

Our research found limited evidence of differences in PCC practices between medical
encounters with Italian and foreign patients. In fact, we observed that factors such as
nationality and ethnic background had less influence on PCC practices compared to other
interactive and non-interactive variables. This contrasts with the findings of most interna-
tional studies that have emphasized the impact of nationality and ethnic background on
PCC practices [33–43]. However, it is important to note that implementing PCC has the
potential to bridge the racial and cultural differences between doctors and patients, and it
can have a positive impact not only on both native and foreign patients. In this vein, our
results align with previous research that has highlighted the positive effects of PCC on
patients with a migrant background in the US [46,52,53]. Paraphrasing Chu et al. [53], PCC
“is key to reducing disparities and improving immigrant patients’ satisfaction level with
medical care”.

In addition to that, it is critical to recognize that our study was conducted within a
specific context with its own unique constraints, and further research is needed to gain a
comprehensive understanding of PCC in intercultural contacts in Italy. First, the lack of
discernible changes between visits by Italian and foreign patients could be attributed to
specific features of organizational culture. This religious hospital claims and emphasizes
in its mission the centrality of each person in the care process, with particular attention
to minority and vulnerable groups, including migrant and foreign patients. This aligns
with recent research suggesting that religious hospitals promote a more inclusive and
respectful atmosphere, leading to a higher quality of care. This interpretation is consistent
with a recent Italian study that examined the differences in the provision of support to
cancer patients undergoing chemotherapy between oncologists in a religious hospital and
those in a government-operated hospital [73]. Second, it is worth noting that research on
PCC with foreign patients in Italy is still in its early stages, and there is a lack of studies
specifically examining the impact of language difficulties. While it is possible that linguistic
factors may have been less influential in our study, as almost all patients had sufficient
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knowledge of the Italian language and had good proficiency levels, it is crucial to recognize
that patients with good proficiency may still struggle to understand medical terminology
in a foreign language. These language barriers can lead to misunderstandings, difficulties
in fully comprehending medical information, and a potential lack of trust in healthcare
professionals. More research is needed to understand how language difficulties can affect
PCC for foreign patients in Italy.

The second objective of the present study was to determine whether PCC was different
between first visits and follow-ups or dependent on the presence or absence of an accom-
panying person. In fact, companions can both facilitate doctor–patient communication and
provide support to cancer patients while sometimes being seen as obtrusive, particularly
with elderly or vulnerable patients in advanced stages of illness [66,74–76]. Therefore,
we speculated that the presence of an accompanying person could facilitate intercultural
encounters, providing informational and affective support to foreign patients. In our study,
however, the presence of an accompanying person and being a foreign patient were found
to play a role only in relation to interruptions during the visit. Before discussing this
finding, it is worth noting that the oncologist’s age, and thus their role as an organizational
senior, was also found to predict PCC categories, and in particular, the interruptions.

In the ONCode framework, interruptions included events such as phone calls, the
doctor leaving the room because of matters that did not concern the current consultation
and the patient, exchanges with the nurse, or other doctors entering the room. During
first-time visits, interruptions occurred more frequently than during follow-up visits. This
finding might be attributed to the longer duration of these encounters, which could make
them more likely to be interrupted by external events. The fact that the doctor’s age
predicted the frequency of interruptions could be attributed to the recognized expertise
within the medical team and their greater involvement in organizational matters, a finding
that resonates with previous research that considered organizational challenges to be
impeding effective PCC [46,48–51].

To gain further insight into interruptions in terms of PCC practices, we conducted a
qualitative analysis to examine the specific nature of interruptions during the visits. Our
analysis revealed that encounters with younger oncologists were characterized by sporadic
interruptions, such as the secretary entering the room or the doctor’s mobile phone ringing
for consultations. In contrast, older oncologists experienced more frequent interruptions
due to a variety of reasons, including requests for consultation, expert opinions, and
discussions with colleagues in the same specialty, consultations from other specialists,
secretaries entering the room for information, problem solving, or medical record collection,
and occasionally personal mobile phone ringing. Among senior oncologists, the head of
the department experienced the most frequent interruptions, which were often related to
additional responsibilities associated with their organizational position and management
of the oncology department. These types of interruptions were only observed in oncology
visits involving doctors with extensive clinical experience and long-term collaboration with
the oncology department.

The finding that older oncologists faced more interruptions could indicate their greater
experience and the demand for their advice and consultations. However, it could also
imply a lack of adequate organizational support to effectively manage their time and
minimize interruptions. Additionally, the observation of interruptions from colleagues
and specialists exclusively in visits of oncologists with several years of clinical practice
and long-term collaboration with the oncology department raises interesting questions
about the influence of professional networks and organizational culture on clinical practice.
These insights highlight the need for further research to enhance our understanding of
the factors contributing to interruptions in oncology encounters and their implications for
patient care.

Understanding why the frequency of interruptions increased in the presence of foreign
patients was more challenging. While visits with Italian patients were predominantly inter-
rupted from outside and involved only the oncologist or hospital staff, visits with foreign
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patients were interrupted from outside but also involved the patient and the companion. In
fact, on four occasions, the interruption of the visit can be traced to the telephone calls made
to the private mobile phones of patients and companions. Furthermore, on six occasions, it
was necessary to interrupt the interaction due to events occurring during the visit; that is,
the oncologist interrupted the communicative action with the patient to devote themselves
to activities not related to the event in progress. However, on one occasion, the researcher in
the room interrupts the visit. Therefore, unlike what happens in visits with Italian patients,
it is possible that in the presence of foreign patients, visits are more likely to be interrupted
by: (a) external events that also affect patients and their companions, (b) internal events
that concern interruptions made by the doctors and sometimes by other participants in the
visit. In the first case, contrary to what happened in visits with Italian patients, foreign
patients and their companions contributed to interrupting the visit in the same way as the
oncologists did: by maintaining contact with the outside world during the interaction and
by answering the telephone. In the second case, only in cross-cultural visits did we observe
within-site interruptions that originated from the oncologist.

All these findings were unexpected and emerged only after a qualitative analysis.
It is possible that in the encounter between an Italian doctor and foreign patients, there
are implicit signals on both sides that prime interruptions. Previous research has often
interpreted the suspensions of the visit as negative events for PCC [77–79]. However, inter-
ruptions should not necessarily be seen as negative events. For example, communication
interruptions can lead to more patient (or companion) initiatives, such as asking questions
or seeking clarification or explanation [80]. The qualitative analysis suggested notable
differences in the types of interruptions that occur during visits with foreign patients com-
pared to Italian patients. Interruptions during visits with Italian patients were primarily
due to external events caused by hospital staff or the oncologist. On the contrary, visits with
foreign patients were disrupted by both external events and internal events initiated by the
oncologist. These findings may suggest that foreign patients require additional attention
from healthcare professionals to maximize the quality of patient-centered care. If these
differences are replicated, an avenue for future research could investigate the antecedents
of interruptions in both same the culture and intercultural encounters.

Limitations

Although this work provided encouraging results on PCC in intercultural medical
encounters, it is important to highlight the limitations of our research and the possibilities
for future studies to address these problematic knots. The sensitivity of the collected data
and the complexity of the context in which the oncological encounters were videotaped de-
termined the first limitation of this study, represented by the limited number of participants.
While the limited number of participants and the partial repetition of oncologists’ commu-
nication characteristics and behaviors pose research limitations, this data set is valuable,
despite the statistical constraint on the number of visits. Future research could leverage
larger data sets and ensure enough visits per oncologist. However, it is worth noting that
the study’s novelty and importance lie in its analysis of over 13,000 interaction turns from
18 h of oncological visits, providing a rare view of the negotiation and co-construction of
PCC in real intercultural interactions. Despite its complexity, such research into PCC as a
multidimensional construct is scarce, underlining this study’s value.

Another aspect to be considered is the use of oncologists in the analyses as partially
repeated measures. Given that there were eight oncologists, it would be expected that
each would show ‘consistent’ behaviors from one visit to the next, thus contributing
to the results to some extent. With a larger corpus of available data, each oncologist
would have had more visits. It would have been possible to evaluate the effects of the
oncologists’ characteristics as clusters, separately from those of the other variables, using
multilevel analysis. With these considerations in mind, future research could look at
larger datasets with enough visits per oncologist. Finally, the study highlighted the role of
interruptions during encounters as opportunities especially exploited by foreign patients.
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Future qualitative research could explore further which kind of use participants make of
such breaks in the ongoing communication during the visits.

5. Conclusions

The use of ONCode provided statistically significant results that illustrated how
PCC was negotiated and co-constructed between all participants in the visit. In fact, the
doctor, the patient, and the companion contributed equally to the development of the
oncological encounter. Our findings shed new light on oncology visits and the challenges
oncologists must manage daily in clinical practice. These challenges result in concerns
about interactional and local features of the unfolding communication event rather than
individual patient characteristics (i.e., nationality). Managing the sequential unfolding
of the activities of the different types of visits while handling organizational matters and
maintaining a patient-centered focus in communication could be quite challenging for
physicians.

Based on the findings of the present study, we can suggest some practical implications
for healthcare providers to improve PCC in oncology. First, doctors should pay attention
to the interruptions during visits, especially with foreign patients, and to the overall
management of the unfolding interaction in intercultural encounters. Medical education
interventions might target this topic by sustaining doctors’ reflexive awareness of their
interactional practices while helping them to create a more conducive and respectful
environment for the patient. Second, although linguistic issues have been highlighted
as a contributing factor to PCC difficulties, our study discovered that even when foreign
patients have enough linguistic competence, healthcare providers should not rely only
on this element to assume good communication and quality care. Instead, they should
prioritize PCC, especially in international interactions, to maintain patient-centeredness.
Third, the finding was that PCC was similar between Italian and foreign patients in the
context of a religious-operated hospital. Future studies are needed to verify and further
explore this finding that, if confirmed, might contribute to support and promote the
humanization of health care.
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Simple Summary: This study investigates cancer in migrants in Southern Italy, who represent a
neglected but vulnerable population. We used data from the Eastern Sicily Cancer Registry collected
between 2004 and 2019 to compare the adjusted proportionate morbidity ratio for the most common
cancer types in migrants and non-migrants, and we calculated the odds of migrant status for one
cancer compared to all cancers. The migrants/non-migrants odds of cancer was 2.1%, with most
cancers occurring in migrant women. We observed increased proportions in cervical and lung cancer,
with higher odds of cervical cancer and lower odds of colorectal cancer in migrants. Measures should
be implemented to enhance the access of migrants to prevention, early diagnosis and care for cancer.
These interventions should account for the migrant’s country of origin. Particular attention should be
given to HPV vaccination, cervical cancer screening and tobacco control to reduce the cancer burden
in this population.

Abstract: Background: Migrants are a vulnerable and neglected population. We aimed at investi-
gating cancer proportionate rates in migrants in Sicily, Southern Italy. Methods: We extracted data
on new cancer cases diagnosed between 2004 and 2019 from the Eastern Sicily cancer registry. We
compared the adjusted proportionate morbidity ratio (PMR) for the most common cancer types
among migrants and non-migrants. We fitted multivariate logistic regression models comparing
one cancer to all other cancers to calculate odds ratios (ORs) and 95% confidence intervals (CIs)
for migration status. The analysis was stratified by region of origin. Results: Overall, 4726 new
cancer cases occurred in migrants between 2004 and 2019, 63.5% of those among women and
224,211 in non-migrants, including 54.5% among men, with odds for migrants/non-migrants of
2.1%. Migrants had an increased proportion of cervical (PMR = 2.68, 95% CI = 2.29–3.10) and
lung cancer (PMR = 1.20, 95% CI = 1.07–1.33). The highest OR in migrants was observed for
cervical cancer (OR = 3.54, 95% CI = 2.99–4.20). Colorectal cancer was decreased among migrants
(OR = 0.86, 95% CI = 0.77–0.96). Conclusions: Migrants to Sicily have higher odds of cervical
cancer and a decreased risk of colorectal cancer compared to non-migrants. Increased odds were
also detected for lung cancer, in particular in women. Different cancer patterns could be observed
based on the region of origin. HPV-related cancers need targeted attention in migrants living
in Sicily.
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1. Introduction

Migrants represent a vulnerable subgroup of the population from multiple points of
view [1], including socioeconomic condition (job position, income and educational level) [2]
as well as health status (vaccination history, participation in screening programs, disease
diagnosis and care). Migrants often suffer disease disparities [3,4], such as poor disease
management, lack of check-ups and screening tests [5], delayed diagnosis [6] and inadequate
treatments. A meta-analysis reported that foreign-born women were less likely to be
diagnosed with localized-stage breast cancer compared to native women [6], including
a relationship between the magnitude of the disparity and the level of development of
the country of origin. On the other hand, reports have been published in which migrants
registered a lower risk of cancer and lower cancer mortality compared to non-migrants [7–9],
possibly due to a healthy migrant effect and low incidence of some cancers in the country
of origin.

The number and proportion of cancer deaths and incident cases in migrants have
been estimated in several countries, providing quantitative evidence of cancer epidemi-
ology in this population group [8–11]. Cancer epidemiology in migrants is important for
several reasons [3,4,6]. First, the description of cancer in this special population offers
valuable information to understand the determinants of cancer in different ethnic groups
and to disentangle the role played by environmental and genetic factors. Additionally,
the investigation of cancer in migrants can highlight patterns of cancer occurrence in dif-
ferent ethnic groups, possibly identifying subjects to be targeted for specific preventive
actions [3,12,13]. Moreover, studies on cancer in migrants may help in understanding the
causes of cancer also in native populations [12]. These results may also have implications
for national regulations and health policies, providing useful information derived from
the comparison between the epidemiologic data of cancer in people born in different
countries [14]. Indeed, migrants may acquire the same risk profile of the population of
the host country [15]. An example comes from a population-based study conducted in
Norway, which reported higher overall cancer incidence rates in native people than in
migrants and observed higher liver cancer incidence in Asians than in Norwegians, as
well as higher lung cancer incidence in male migrants from other Nordic countries and
from Eastern Europe than in native men [9].

The Mediterranean countries of Europe are subject to migration from Northern Africa,
Eastern Europe and West Asia, given the geographical position [14]. A recent study reported
declining trends in cancer mortality in migrants in Spain between 2000 and 2016 [14]. In
general, however, data on cancer incidence rates in migrants to Mediterranean countries in
the last decade are scarce.

Sicily is an island in Southern Italy, which has experienced an increase in the migrant
population in recent years. The official proportion of foreign subjects over the total pop-
ulation in Sicily in 2021 was 3.9%. The main countries of origin were Romania. Tunisia,
Morocco, Sri Lanka, Albania and Bangladesh [16]. The actual number of migrants, how-
ever, is likely to be higher because of the presence of illegal and seasonal migrants. This
is particularly true for Sicily, because of (i) the widespread use of seasonal migrants in
agriculture and (ii) the role of Sicily as an entry point from the Mediterranean and the
presence of numerous temporary transit camps for undocumented and illegal immigrants.

In order to estimate cancer proportion in migrants at a population-base level, we
analyzed data of a cancer registry in Sicily, Italy. We focused on major areas of origin of the
migrants and on the cancer sites with the highest occurrence in this special population.

2. Materials and Methods
2.1. Study Design and Population

This study is designed as a case–control study, where migrant status is the exposure
and cancer types are the controls.

We analyzed data from the Eastern Sicily Cancer Registry covering 2.5 million people
from four provinces (Catania, Enna, Messina and Syracuse) [17]. The registry is considered
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to be complete and is included in the Cancer Incidence in Five Continents, a collection of
high-quality registries maintained by the International Agency for Research on Cancer [18].
This registry includes cases identified only from death certificates. Data are validated and
periodically checked by the Associazione Italiana Registro Tumori (AIRTUM) through
different programs (e.g., CheckAIRTUM and IARC CRG Tools). We selected new cases of
the most frequent cancers diagnosed between 2004 and 2019 in migrants and identified
new cases of the same cancers occurring among non-migrants during the same time
period. The Cancer Registry collects data on cancer diagnosed mostly based on histological
confirmation of the primary tumor and, for a minority of cases, clinical based on data or
imaging; during 2009–2012, for only 1.6% of new cancer cases in men and 2.1% in women,
the site of origin was classified as ‘other or unspecified’ [18].

2.2. Data Sources

Data derived from the Eastern Sicily Cancer Registry. We extracted the following
information from the Cancer Registry: sex, age, country of birth, basis for diagnosis
(histology/citology; clinical; death certificate/other), date of diagnosis and treatment
(chemotherapy, radiotherapy and surgery). Information on the three treatment modalities
was missing for a proportion of subjects. Since we were not able to distinguish between
missing information or no therapy, we did not include these data in the analysis. Country of
birth was categorized as Northern/Western Europe, Eastern Europe and Balkans, Northern
Africa, Sub-Saharan Africa, Western Asia, other Asian countries excluding Japan, North
America/Oceania/Japan and Latin America.

2.3. Statistical Analysis

Information on the total number of migrants living in the four provinces covered by
the Cancer Registry was not available. We, therefore, could not calculate incidence rates
and ratios directly comparing migrants and non-migrants but, rather, used the proportions
of cancer occurring in the two populations. Specifically, we calculated the proportion of
new cases of each cancer over total cancers among migrants and compared this with the
same proportion among non-migrants. We then calculated the proportionate morbidity
ratio (PMR) for each cancer type as the ratio of new observed cases in migrants over new
expected cases, based on the proportion in non-migrants after adjusting for sex, age group
and calendar year. Further, 95% confidence intervals (CIs) of PMR were calculated based
on the Poisson distribution of new expected cases. We stratified the analyses by region of
origin, sex and age. We tested heterogeneity in PIR between geographic region, sex and
age categories using the Cochrane Q-test [19].

In addition, we fitted multivariate logistic regression models comparing one cancer
to all other cancers to calculate ORs and 95% CIs of migration status (overall and by sex),
after adjustment for sex, age category, basis of diagnosis and period of diagnosis. We
repeated the analysis by geographic region of origin by fitting separate models, including
migrants from one specific region and all non-migrants, and after stratification, by period
of diagnosis. We tested heterogeneity between strata of sex and age period by adding
interaction terms to the regression models.

For all the aforementioned analyses, p <0.05 was considered statistically significant.

3. Results

Table 1 illustrates the main characteristics of the study population. Overall, a total
of 4726 new cases of cancer were registered among migrants between 2004 and 2019,
including 1724 (36.5%) new cases among men and 3002 (63.5%) new cases among women.
In the same period, 224,211 new cases were registered among non-migrants, including
122,241 (54.5%) among men and 101,970 (45.5%) among women. The overall odds of
new cases in migrants to non-migrants was 2.1% and increased from 1.7% in 2004–2007
to 2.5% in 2016–2019. The countries of origin with the largest number of new cases
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of cancer among migrants were Germany (N = 968), Libya (N = 625) and Romania
(N = 442).

Table 1. Distribution of new cases of cancer by migrant status and selected characteristics.

Characteristics Migrants (%) Non-Migrants (%)

Total 4726 (100.0) 224,211 (100.0)

Sex
Men 1724 (36.5) 122,241 (54.5)
Women 3002 (63.5) 101,970 (45.5)

Age group (yrs)
<55 2165 (45.8) 43,294 (19.3)
55–64 947 (20.0) 42,317 (18.9)
65–74 807 (17.1) 62,606 (27.9)
>=75 807 (17.1) 75,993 (33.9)

Year of diagnosis
2004–2007 880 (23.2) 52,274 (23.3)
2008–2011 1037 (21.4) 55,360 (24.7)
2012–2015 1330 (28.1) 57,930 (25.8)
2016–2019 1479 (31.3) 58,647 (28.2)

Base of diagnosis
Histology/cytology 4183 (88.5) 195,654 (87.3)
Clinical 482 (10.2) 25,230 (11.3)
Other ‡ 61 (1.3) 3327 (1.5)

Region of origin
Northern and Western

Europe * 1931 (41.1) -

Eastern Europe, Balkans 751 (16.0) -
North Africa 890 (18.9) -
Sub-Saharan Africa 216 (4.6) -
West Asia 25 (0.5) -
Other Asian countries † 207 (4.4) -
North America, Oceania 312 (6.6) -
Latin America 372 (7.9)

‡ Including death certificate only. * Including European Union except Bulgaria, Romania (included in Eastern
Europe and Balkans). † Excluding Japan (included in North America, Oceania).

Overall and sex-specific PMR for the main cancer types is shown in Table 2. We
observed an increased proportion of cervical cancer (PIR = 2.68, 95% CI = 2.29–3.10) and
lung cancer (PIR = 1.20, 95% CI = 1.07–1.33) among migrants. The result of lung cancer
for both sexes (PMR = 1.20, 95% CI = 1.07–1.33) was driven by the pattern in women
(PMR = 1.32, 95% CI = 1.11–1.56), with no increased proportion in men (p-value of test
of heterogeneity between sexes = 0.09). The PMR of leukemia was decreased, with a
stronger result among women (PMR = 0.77, 95% CI = 0.61–0.95, p-heterogeneity between
sexes = 0.07).

The results of the multivariate logistic regression analysis (Table 3) are consistent with the
previous ones. The cancer with the highest OR in migrants was cervical cancer
(OR = 3.54, 95% CI = 2.99–4.20), and an increase was also detected for lung cancer, in particular
in women (OR = 1.23, 95% CI = 1.03–1.47). Colorectal cancer was the only neoplasm whose
OR was decreased among migrants (OR = 0.86, 95% CI = 0.77–0.96), and a decreased OR
of borderline statistical significance was observed for liver, breast and prostate cancer and
NHL. Liver cancer and leukemia were the two neoplasms for which there was evidence of
heterogeneity in OR between men and women (p = 0.02 and 0.03, respectively).
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Table 2. Proportionate morbidity ratios of cancer among migrants by sex.

Total Men Women
Cancer N PMR 95% CI N PMR 95% CI N PMR 95% CI

Head and neck 81 1.11 0.88–1.37 55 1.11 0.84–1.43 26 1.11 0.74–1.60
Stomach 94 1.00 0.81–1.21 46 1.02 0.75–1.34 48 0.98 0.72–1.28
Colorectum 361 0.92 0.82–1.01 144 0.90 0.76–1.05 217 0.93 0.81–1.05
Liver 81 1.09 0.87–1.35 44 0.99 0.73–1.32 37 1.24 0.89–1.69
Lung 331 1.20 1.07–1.33 194 1.12 0.97–1.28 137 1.32 1.11–1.56
Breast 790 0.94 0.87–1.01 - - - 790 0.94 0.87–1.01
Cervix 165 2.68 2.29–3.10 - - - 165 2.68 2.29–3.10
Prostate 165 0.94 0.80–1.09 165 0.94 0.80–1.09 - - -
Bladder 238 1.06 0.93–1.20 173 1.06 0.91–1.23 65 1.06 0.82–1.34
NHL 182 0.91 0.78–1.05 87 0.98 0.78–1.20 95 0.86 0.69–1.04
Leukemia 155 0.87 0.73–1.01 76 0.99 0.78–1.22 79 0.77 0.61–0.95

N, observed number of new cases among migrants; PMR, proportionate morbidity ratio; CI, confidence interval;
NHL, non-Hodgkin lymphoma.

Table 3. Odds ratio of selected cancer for migrant status, overall and by gender—results of multivari-
ate logistic regression analysis.

Total Population Men Women

Cancer OR (95% CI) OR (95% CI) OR (95% CI)

Head and neck 1.09 (0.87–1.35) 1.14 (0.88–1.48) 1.05 (0.71–1.45)
Stomach 0.89 (0.73–1.09) 1.01 (0.76–1.35) 0.82 (0.62–1.09)
Colorectum 0.86 (0.77–0.96) 0.86 (0.73–1.03) 0.89 (0.77–1.02)
Liver 0.80 (0.64–1.01) 0.68 (0.49–0.94) 1.11 (0.80–1.55)
Lung 1.12 (1.00–1.26) 1.03 (0.88–1.20) 1.23 (1.03–1.47)
Breast 0.95 (0.88–1.04) 0.95 (0.88–1.04)
Cervix 3.54 (2.99–4.20) 3.54 (2.99–4.20)
Prostate 0.87 (0.74–1.03) 0.87 (0.74–1.03)
Bladder 1.07 (0.94–1.23) 1.10 (0.94–1.29) 1.05 (0.82–1.35)
NHL 0.86 (0.73–1.01) 0.90 (0.71–1.16) 0.87 (0.69–1.05)
Leukemia 1.02 (0.87–1.20) 1.26 (0.99–1.59) 0.90 (0.71–1.13)

OR, odds ratio adjusted for sex, age, type of diagnosis, year of diagnosis. CI, confidence interval. NHL, non-
Hodgkin lymphoma.

In the analysis by region of origin in migrants (Figure 1, detailed results are available
in Supplementary Table S1), migrants from Northern and Western Europe, including the
European Union, showed a decreased OR for colorectal and breast cancer as well as NHL
and leukemia, and an increased OR for cervical cancer. Migrants from Eastern Europe
showed a decreased OR for prostate cancer and an increased OR for lung and cervical
cancer. Migrants from North Africa experienced an increased OR for bladder cancer,
whereas migrants from Sub-Saharan Africa experienced an increased OR of liver, breast
cancer and leukemia and a decreased OR for colorectal cancer. The results on migrants from
West Asia were hampered by small numbers. Migrants from other Asian countries had a
decreased OR for bladder cancer and an increased OR for leukemia. Migrants from North
America, Oceania and Japan did not have a statistically significant increased or decreased
OR for any cancer. Finally, the OR for breast cancer was increased among migrants from
Latin America.

The analysis by period of diagnosis suggested a trend in OR of liver cancer (OR in-
creased from 0.55 (95% CI 0.30–0.98) in 2004–2007 to 1.13 (95% CI 0.78–1.65) in 2016–2019),
lung cancer (OR increased from 0.89 (95% CI 0.67–1.19) to 1.22 (95% CI 1.00–1.49)) and
breast cancer (OR increased from 0.84 (95% CI 0.68–1.04) to 1.08 (95% CI 0.94–1.25)),
although none of these trends were statistically significant (results not shown in detail).
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4. Discussion

Our analysis revealed several patterns of cancer incidence among migrants in a South-
ern Italy population, including a higher proportion of cervical and lung cancers and a
borderline statistically significant lower proportion of breast and prostate cancers compared
to non-migrants. The stratification by geographical region of origin revealed that these
patterns were mainly due to migration from Europe.

The results we describe are impaired by the lack of population data on the number
of migrants in Sicily, thus preventing us from calculating cancer incidence rates in this
population and incidence ratios in the comparisons with non-migrants. We tried to address
this problem by using official data on the number of migrants present in four provinces
during the study period [20] but obtained unreliable results, likely due to an undercount of
migrants in official statistics. Despite this important limitation, ours remains one of the few
studies to provide data on the neglected issue of cancer incidence in migrants in Italy and
one of the first to provide a comprehensive analysis of different cancer types in migrants.

Although there was no increased proportion of head and neck cancer among migrants,
an increase was suggested for migrants from Eastern Europe, the Balkans and from Asia,
and a decrease was found among migrants from sub-Saharan Africa and Latin America.
Possible explanations are relatable to the different distribution of the risk factors of head
and neck cancer in Italy-born people and migrants, specifically HPV, tobacco smoking and
alcohol [21]. Central and Eastern Europe is one of the regions with the highest incidence of
this group of cancers [22].

Incidence of gastric cancer is elevated in Eastern European and East Asian coun-
tries [23], and migrants from these regions had a higher proportion of gastric cancer,
although the difference was not statistically significant. Conversely, the incidence of col-
orectal cancer is relatively low in sub-Saharan Africa [24], and migrants from these countries
had a non-significantly lower proportion of colorectal cancer. We observed a reduced risk
of liver cancer in migrant men but not in women. Despite not having the information to
assess the reason of this sex difference, we may hypothesize that it depends on sociocultural
factors, leading to a better management of chronic liver disease (which can be a precursor
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of cancer) in men than in women, e.g., more frequent clinical visits and medical exams.
However, this neoplasm was increased among migrants from Sub-Saharan Africa, a region
at high risk for hepatitis B infection and liver cancer [25,26].

We observed an increased proportion of lung cancer among migrants, which was
primarily related to migrants from Eastern European countries. The high proportion of
lung cancer in migrants could be explained by higher exposure to risk factors, including
tobacco smoking, indoor and outdoor air pollution and occupational risk factors during
their lifetime. The difference between women and men is likely due to the low incidence
of lung cancer among women in Southern Italy [18], which was explained by low tobacco
consumption in past decades. Thus, the sex pattern observed in migrants may be an artifact
rather than reflect particular risk factors in migrant women, despite the fact that we could
not exclude potential confounders.

The proportion of breast cancer was reduced among migrants from Eastern Europe
and the Balkans, a region with a lower incidence of these neoplasms compared to Italy [27].
A similar pattern was shown for migrants from other countries of Europe, while migrants
from sub-Saharan Africa and Latin America had a higher proportion of this neoplasm.
These differences by region of origin may derive from different approaches to cancer
screening in addition to different exposure circumstances. In particular, among the factors
which may affect breast cancer risk, oral contraceptives have been reported to be higher in
women from Eastern Europe.

Cervical cancer showed the highest difference between migrants and non-migrants
of all cancers, which was statistically significant for migrants from Europe. This is not
unexpected, given the low incidence of this disease in Southern Italy and Sicily in partic-
ular [18]. The fact that the greatest proportion of new cases was seen among migrants
from Eastern Europe might be explained by the high prevalence of HPV infection in that
region [28]. An Italian study reported that 58% Eastern European and African women
vs. 19% of Italy-born women to be HPV-positive [29]. Campari et al. reported a higher
prevalence of preneoplastic cervical lesions and a lower participation in cervical cancer
screening among migrants than Italian women [30].

The proportion of prostate cancer was lower in migrants from Eastern Europe and
the Balkans and, although not significantly so, from Asian countries, excluding West Asia,
which is consistent with previous findings [31,32]. This difference may be attributable to
different levels of “westernization” of the lifestyle habits in different geographical areas of
the Asian continent [33]; however, random fluctuation may also explain the difference we
observed. Further, the results on the higher incidence rate of bladder cancer in migrants
from North Africa than non-migrants are consistent with worldwide patterns of this
disease [34].

These heterogeneous patterns of risk of specific cancers in migrants indicate the need
for tailored cancer control programs based on the specific cancer predisposition in different
populations. Overall, these results agree with a review by Arnold and colleagues, which
described a higher proportion of infectious-related cancer (e.g., gastric and cervical) and
a lower proportion of lifestyle-related cancer (e.g., colorectum, breast and prostate) in
migrants to Europe [35].

Our results provide novel evidence on the different incidence of cancer in migrants
in Italy and Sicily in particular, and they relate the pattern of cancer occurrence by geo-
graphical area [27]. The results obtained reflect lifestyle, environmental and genetic factors,
which underlie the occurrence of specific cancers, such as cervical and prostate cancer
in the Balkans [36] and colorectal cancer in Africa [24,37]. Compared to non-migrants,
migrants from Eastern Europe and Africa may be less sedentary [38] and have a healthier
lifestyle [39], including diet [40–42], and a lower prevalence of dysmetabolic diseases,
such as diabetes and hypercholesterolemia [43], factors which may be associated with
a lower incidence of prostate [44] and colorectal cancer [45]. Conversely, non-migrants
may be less exposed than migrants to unsafe sex, resulting in a lower prevalence of HPV
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infection and HPV-related cancers [46–48], a pattern which has also been observed in other
countries [49,50].

Migrants represent, in large part, a vulnerable group, connoted by a higher prevalence
of unhealthy lifestyle habits (e.g., tobacco smoking, alcohol drinking [22], poor diet [51]),
occupational disparities [2] and reduced access to healthcare services (e.g., vaccination,
screening) [52,53]. These aspects are ultimately related to socioeconomic status. Most of
the migrant populations, in Italy as well as in other countries, belong to low socioeconomic
status. The relationship between low socioeconomic status and cancer is well described [54],
especially with regard to some types of cancers, including those for which we evidenced
an increased PIR, namely cervical [55,56] and lung [57–59].

Our analysis addresses the issue of cancer in migrants in Sicily through two ap-
proaches, namely PIR estimates and multivariate logistic regression analysis. This latter
could account for several aspects, including treatment, which has been reported to differ
between migrant and non-migrant populations. Different cancer treatment causes cancer
disparities in migrants and non-migrants and is linked to barriers experienced by migrants,
such as lack of language proficiency and not being familiar with the health system [60].
Our data on treatment, however, were impaired by missing data. This limitation is unlikely
to have introduced bias, because even if missing data could have led to misclassification of
treatment, we observed no confounding effect by this variable in the multivariate model.

When focusing on results by geographical area, an important observation is the
increased proportion of breast cancer in women from sub-Saharan Africa. This result is
unexpected, as African populations (incidence rates around 50/100,000) usually have
lower incidence rates of breast cancer compared to European populations (incidence
rates 80–90/100,000) [61]. The reason for this result is not clear. Breast cancer screening
is usually associated with higher numbers of diagnoses [62]; thus, disparities in partic-
ipation for cancer screening among migrants do not seem to explain our finding [63].
In addition to this, the migrant population may not precisely reflect incidence rates of
the country of origin because they do not represent a random sample of that popula-
tion. Interestingly, the increased proportion of breast cancer in this migrant subgroup is
homogeneously distributed by age.

This study has some limitations. First, as already mentioned, the number of migrants
in Sicily was not available, preventing us from calculating the incidence of cancer in
migrants and comparing it with that in non-migrants. For this reason, the study design is
that of a case–control study where controls are cancers in non-migrants. This approach has
been used by other authors [64]. In addition, no information was available on the duration
of residence of the migrants: analyses by duration of stay in the host country help to clarify
the role of factors affecting cancer risk [65]. Moreover, the lack of information on lifestyle,
occupational and sociodemographic factors prevented us from adjusting and stratifying
for important variables. Additionally, results by area of origin of the migrant population
showed patterns of risk which were not fully consistent with previous literature. Last,
small numbers impaired the stratified analyses for some areas of origin.

The present study also has several strengths. We provided updated data on an under-
investigated topic, focusing on a special population which is particularly vulnerable and
affected by health inequalities. We identified interesting cancer patterns, and, because of
the population-based nature of our data, we added valuable data to the current literature
on cancer epidemiology in migrants and offered new important information on cancer
incidence in different groups of migrants in Italy compared to non-migrants. Further, the
data we used were from a high-quality cancer registry, increasing the reliability of our
results [66,67].

5. Conclusions

In conclusion, migrants to Sicily appear to have an increased OR of cervical and lung
cancer than non-migrants, although the comparison is based on proportionate ratios. Dif-
ferent cancer patterns could be observed based on the area of origin of the migrants, with
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lifestyle and socioeconomic factors in migrants from Centra/Eastern Europe, the Balkans
and Africa possibly explaining several results. Differences were identified in particular
for women, regarding HPV-related cancers as well as lung cancer and hematologic ma-
lignancies. These data may be a useful source of information for understanding cancer
epidemiology in migrants in Italy. Cancer control in this special population requires public
attention, despite its future trends being unpredictable given the acute nature of migration
in Sicily, where most migrants move quickly to other countries.

Given the vulnerability of migrants to cancer, and the discrimination which they might
be subjected to, measures should be implemented to enhance their access to prevention,
diagnosis and care for cancer. Tailored intervention may be developed based on migrants’
country of origin, given the different cancer risk by geographical area. Targeted attention to
HPV vaccination and cervical cancer screening participation in migrant women would help
to better control infection-related cancers. Tobacco control interventions targeting migrants
would also be important to reduce the cancer burden in this population. Cancer control
and early detection in migrants may improve, while it is difficult to establish a follow-up
for such a special population, which is quickly moving from Sicily to other countries.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/cancers15123103/s1, Table S1: Odds ratio of selected neoplasms
among migrants, by region of origin.
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Simple Summary: Obesity is a strong risk factor for the development of colorectal cancer, with a
higher risk in men compared to women. Bariatric surgery is the most effective weight loss method.
However, studies suggest a lower risk of colorectal cancer in women but not in men after bariatric
surgery. In this study, we find that bariatric surgery mitigates the effect of obesity on the risk of
colorectal polyps in both men and women. Future studies are needed to understand why men remain
at higher risk of colorectal cancer despite a lower risk of polyps after bariatric surgery.

Abstract: Background: A fundamental understanding of the impact of bariatric surgery (BRS) on
mechanisms of colorectal carcinogenesis is limited. For instance, studies report a reduced risk of
colorectal cancer in females but not in males after BRS. We examined whether this sex-specific
difference existed at the earlier polyp development stage. Methods: This retrospective cohort study
included 281,417 adults from the 2012–2020 MarketScan database. We compared polyps rates on
colonoscopy in four groups: post- vs. pre-BRS (treatment) to post- vs. pre-severe obesity (SO)
diagnosis (control). We focused our main analysis on a propensity-matched sample that yielded
a balanced distribution of covariates in our four groups (n = 9680 adults, 21.9% males). We also
adjusted for important covariates. Results: Metabolic syndrome parameters improved after bariatric
surgery and worsened after severe obesity diagnosis (p < 0.05). The rate of polyps was 46.7% at a
median of 0.5 years pre-BRS and 47.9% at a median of 0.6 years pre-SO diagnosis. The polyps rate
was 45.4% at a median (range) of 3.2 (1.0–8.5) years post-BRS. Conversely, 53.8% of adults had polyps
at 3.0 (1.0–8.6) years post-SO. There was no change in the risk of colorectal polyps in males or females
post- vs. pre-BRS. However, the risk of polyps was higher in males (OR = 1.32, 95% CI: 1.02–1.70)
and females (OR = 1.29, 95% CI: 1.13–1.47) post- vs. pre-SO. When compared to the control group
(SO), the odds ratios for colorectal polyps were lower for males and females after bariatric surgery
(OR = 0.63, 95% CI: 0.44–0.90, and OR = 0.79, 95% CI: 0.66–0.96, respectively). Conclusions: Obesity
is associated with an increased risk of colorectal polyps, an effect that is ameliorated after bariatric
surgery. These data are relevant for studies investigating colorectal carcinogenesis mechanisms.

Keywords: bariatric surgery; gastric bypass; sleeve gastrectomy; colorectal cancer; risk factor

1. Introduction

Obesity will soon surpass smoking and alcohol as a leading cause of preventable
cancer in the United States and worldwide [1,2]. Obesity is a substantial risk factor for the
development of colorectal cancer (CRC), the most frequent gastrointestinal cancer, affecting
2 million adults annually [3,4]. Notably, the risk of CRC is higher in males when compared
to females with obesity [5,6]. Therefore, targeting obesity should help reduce the burden of
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CRC, especially in males. In that regard, bariatric surgery (BRS) offers the most impactful
and sustained weight loss treatment for individuals with medically complicated obesity [7].
For instance, the weight loss conferred by Roux-en-Y gastric bypass is 21% higher at 10 years
than non-surgical controls [8]. Metabolic parameters are also drastically improved after
bariatric surgery [7,9]. Thus, through the lens of bariatric surgery, investigators will gain
insight into the biology and impact of weight loss interventions on colorectal carcinogenesis.

Indeed, multiple studies investigated CRC after bariatric surgery. Yet, despite a
suggested lower risk of CRC in females after bariatric surgery, prior epidemiological data
do not confirm a reduction in CRC risk in males [10–13]. The lack of a response in males
is despite a more pronounced weight loss than in females after bariatric surgery [14].
Understanding this biological effect of sex on the risk of colorectal neoplasia after bariatric
surgery is critical for generalizability and informing future mechanistic and interventional
studies investigating the interaction between sex, energy balance, and the risk of CRC.
Notably, colorectal polyps can serve as early, intermediate surrogates of CRC risk. However,
most prior studies examining the risk of colorectal polyps after bariatric surgery had a small
sample size and did not assess if the risk of polyps varied by sex [10,15–17]. Therefore, we
aimed to fill this knowledge gap by employing a propensity-score-matched, sex-stratified
analysis using a nationwide database. We hypothesized that in adults with severe obesity,
bariatric surgery is associated with a lower risk of colorectal polyps in both males and
females when compared to no surgery.

2. Materials and Methods
2.1. The MarketScan Database

This was a retrospective cohort study using the IBM® MarketScan Insurance Claims
Research Databases, which has healthcare data for more than 39.7 million covered individ-
uals and is one of the longest-running and largest collections of proprietary de-identified
claims data for privately and publicly insured people in the U.S. [18]. Our study is based on
automated claims data, which include confirmed age and sex. The MarketScan insurance
claims are collected for reimbursement purposes. Therefore, we defined diagnoses and
medications entered as billing claims as present. In contrast, in the absence of a diagnosis
or medication insurance claim, we defined the disease or medication as absent. As a result,
there were no missing data in our database, similar to other studies using MarketScan [19].
Data from MarketScan are de-identified and, thus, do not meet the federal definition of
“human subject” per 45 Code of the Federal Regulation (CFR 46.101). Therefore, our study
did not require review or approval by the Ohio State University Institutional Review Board.

2.2. Study Cohort

Details of our study design, inclusion, and exclusion criteria are in Figure 1. The
2012–2020 MarketScan database was queried using validated billing codes as published
elsewhere [12]. First, we included adults ≥ 18 years of age with a colonoscopy and the
diagnosis of severe obesity (SO). Severe obesity was defined as (1) a body mass index
(BMI) ≥ 40 kg/m2 or (2) BMI ≥ 35 kg/m2 with obesity-related comorbidities. The above-
mentioned definition of severe obesity is what is typically indicated for bariatric surgery and
has been used in prior studies [11,20,21]. Then, we divided our cohort into a treatment and
a control group. Our treatment group was defined as adults with SO who underwent either
Roux-en-Y gastric bypass or vertical sleeve gastrectomy. Our control group was defined
as adults with SO and no prior bariatric surgery. We further classified our treatment and
control groups depending on the timing of colonoscopy, leading to 4 cross-sectional groups:
adults with colonoscopy post-BRS or post-SO and adults with a baseline colonoscopy
pre-BRS or pre-SO diagnosis [11,20]. We excluded patients with CRC risk factors other
than severe obesity (e.g., personal history of CRC or polyps). We also excluded other less
commonly used bariatric surgeries or gastric surgeries performed for reasons other than
weight loss (e.g., gastric outlet obstruction or upper gastrointestinal ulcers). Finally, we did
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not include adults with colonoscopies performed within one year after BRS or SO to allow
time for SO and BRS-induced weight change to take effect on the colon.
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2.3. Outcomes

Our primary outcome was the difference in the rate of colorectal polyps post- vs.
pre-BRS compared to post- vs. pre-SO. We investigated this outcome in the pre-matching
and post-propensity-matching cohorts. A colonoscopy with a polyp was defined as a
colonoscopy with polypectomy using cold forceps, snare, or mucosal resection, and an
associated polyp diagnosis within 3 months after colonoscopy as previously defined [22].
A colonoscopy without polyp detection was defined as a complete colonoscopy without
polypectomy and no polyps. In a sub-analysis, we assessed the risk of rectal polyps, which
can be performed by restricting ICD codes to rectal polyps. Due to the absence of specific
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ICD-9-CM codes for colon polyps, it was not possible to specifically narrow the outcome to
colon polyps or other anatomic locations.

2.4. Definition of Covariates

The Charlson comorbidity index (CCI) score, which accounted for number and severity of
comorbidities, was used in our multivariable adjustment as was done in prior studies [10,11].
Alcohol or tobacco were defined by the presence of their respective billing codes at or prior
to index visit. We also adjusted for colonoscopy screening versus diagnostic indications,
which can confound the risk or detection of polyps on colonoscopy [23]. Type 2 diabetes and
hyperlipidemia are components of metabolic syndrome, independently associated with an
increased risk of CRC [24,25]. Therefore, we adjusted for the use of diabetes and cholesterol
medications at or prior to the index visit, which can be done using MarketScan [26]. We
defined being on diabetes or cholesterol medications as having at least two prescriptions
belonging to these medications, at least 6 months apart, with one prescription date falling
within 1 year prior to index visit date in the post-index date bariatric and control cohorts and
prior to the pre-index colonoscopy in the pre-index cohorts [27].

2.5. Statistical Analysis
2.5.1. The Pre-Matching Cohort

Our pre-matching cohort is described in Supplementary Table S1. Multivariable
logistic regression was used to compare the odds of polyps post- vs. pre-BRS and post-
vs. pre-SO in the unmatched cohort. Interactions were also utilized to compare post-
vs. pre-BRS odds ratios to post- vs. pre-SO. Our multivariable model adjusted for age at
colonoscopy, sex, Charlson comorbidity index, tobacco use, alcohol use, screening/non-
screening colonoscopy, and colonoscopy performed < or ≥10/1/2015.

2.5.2. The Propensity-Matched Analysis

Our matching flow is described in Supplementary Figure S1. We propensity matched
our four cross-sectional groups (post-BRS, post-SO, pre-BRS, and pre-SO) without replace-
ment and using the greedy nearest neighbor methods to create a final analytical cohort
matched 1:1:1:1. Propensity scores were calculated for each unique individual from the
following variables: age at time of colonoscopy (within 2 years match, required), sex (exact
match, required), Charlson comorbidity index individual components (diabetes without
complications, diabetes with complications, myocardial infarction, congestive heart failure,
peripheral vascular disease, cerebrovascular disease, dementia, chronic pulmonary disease,
connective tissue disease-rheumatic disease, mild liver disease, paraplegia and hemiplegia,
renal disease, cancer after excluding CRC and metastatic cancer, and moderate to severe
liver disease), and colonoscopy performed < or ≥10/1/2015 (exact match, in order to
account for potential coding bias related to transitioning from ICD-9CM to ICD-10CM
codes) [28]. In the pre-BRS and pre-SO groups, length of time from colonoscopy to index
was included in the propensity-matching between those groups, as were the times from
index to colonoscopy in the post-BRS and post-SO groups. A caliper of 0.3 was used for
matching, and standardized mean differences of the propensity score logit were assessed
throughout the matching process to ensure adequate balance was generated. Chi-square
and Kruskal–Wallis tests were reported to display the differences across groups in the cohort
eligible prior to matching and the final cohort after matching was performed. Multivariable
weighted logistic regression was used to compare the odds of polyps post- vs. pre-BRS and
post- vs. pre-SO. Interactions were also utilized to compare post- vs. pre-BRS odds ratios to
that post- vs. pre-SO. Our multivariable model adjusted for age at colonoscopy, sex, Charl-
son comorbidity index, tobacco use, alcohol use, screening/non-screening colonoscopy,
colonoscopy performed < or ≥10/1/2015, and use of diabetes/cholesterol medications.
Chi-square tests were used to compare diabetes and cholesterol medication use at index
visit date and time of colonoscopy in the post-surgery patients and post-index controls.
Multivariable logistic regression was also used to assess the odds of polyps in relation to
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diabetes medications. All statistical analyses were performed using SAS version 9.4 (SAS
Institute, Inc., Cary, NC, USA).

3. Results
3.1. The Pre-Matching Population Analysis
3.1.1. General Characteristics

Our pre-matching cohort included 281,417 adults (characteristics are described in
Supplementary Table S1). In the pre-matched cohort, the SO adults were older than the
BRS subjects (median of 55–56 vs. 52 years, respectively), with almost twice as many males
and a slightly shorter follow-up post-index visit (median of 2.3 vs. 2.7 years, respectively);
all statistically significant (p < 0.001). Tobacco and alcohol use trended towards higher
frequencies pre-BRS and pre-SO, while screening colonoscopy indication trended to be
higher in the post-index visit cohort (p < 0.001).

3.1.2. The Risk of Polyps in Adults with or without Bariatric Surgery (the
Pre-Matching Cohort)

In our 281,417 adults, the rates of polyps on colonoscopy were 47.3% pre-BRS and
51.8% pre-SO. At post-index colonoscopy, the rates of polyps were 45.9% post-BRS while
56.9% post-SO (polyp rates in males and females at pre- and post-colonoscopies are in
Supplementary Table S2). Our unadjusted odds ratios are included in Supplementary
Table S3. Our multivariable analysis (Table 1) showed reduced odds of colorectal polyps
post- vs. pre-BRS (14% in males and 10% in females), while the odds of polyps increased
post- vs. pre-SO (10% in males and 22% in females). As a result, the risk of colorectal polyps
post-BRS was 22% lower in males and 27% lower in females than that of SO. However, in
our sub-analysis, there was no change in the odds of rectal polyps pre- or post-SO or BRS,
as in Supplementary Table S4.

Table 1. The full pre-matched cohort. Comparison of colorectal polyp odds ratios by sex pre- and
post-bariatric surgery, pre- and post-severe obesity.

Post- vs. Pre- Colonoscopy Males Females

Adjusted* OR
(95% CI)

BRS 0.86 (0.77–0.97) 0.90 (0.84–0.96)

SO 1.10 (1.06–1.14) 1.22 (1.19–1.26)

BRS vs. SO 0.78 (0.70–0.88) 0.73 (0.69–0.78)
* Models adjusted for age at colonoscopy, tobacco use, alcohol use, Charlson comorbidity index, screening
colonoscopy, and date of colonoscopy (before/after 1 October 2015)

3.2. The Matched Cohort Analysis
3.2.1. General Characteristics

Our final propensity-matched cohort included 9680 adults (2420 in each cross-sectional
group, Table 2). Our propensity-matched groups had the same age median (52 years) and
male distribution (21.9%). The number of comorbidities was also clinically similar between
our groups (median CCI score of 3). Comparable time elapsed between pre- and post-
colonoscopy in the treatment and control groups. Differences in the unmatched covariates
(screening colonoscopy indication, tobacco, and alcohol use) remained statistically signifi-
cant between our matched groups, with a trend towards higher frequencies pre-BRS and
pre-SO (p < 0.001).
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Table 2. Demographics of propensity-matched cohort.

Variable
Colonoscopy

Pre-BRS
(n = 2420)

Colonoscopy
Post-BRS
(n = 2420)

Colonoscopy
Pre-SO

(n = 2420)

Colonoscopy
Post-SO

(n = 2420)
p-Value

Age at Time of Colonoscopy 52 [49–57] 52 [49–57] 52 [49–57] 52 [49–57] 0.99

Sex
Male

Female

530 (21.9)
1890 (78.1)

530 (21.9)
1890 (78.1)

530 (21.9)
1890 (78.1)

530 (21.9)
1890 (78.1) 0.99

Charlson Comorbidity Index 3 [2–5] 3 [2–4] 3 [[2–4] 3 [1–4] <0.001

Years from Pre-BRS or Pre-SO
Colonoscopy to Index Visit Date *

Median [IQR] 0.5 [0.2–1.1] N/A 0.6 [0.2–1.2] N/A 0.003

Range 0–6 N/A 0–6 N/A

Years from Index Visit Date to
Post-BRS or Post-SO Colonoscopy

Median [IQR] N/A 3.2 [2.0–4.7] N/A 3.0 [1.9–4.6] 0.19

Range N/A 1–8.5 N/A 1–8.6

Screening Colonoscopy
Indication 1475 (61.0) 1420 (58.7) 1380 (57.0) 1335 (55.2) <0.001

Alcohol Use 39 (1.6) 11 (0.5) 34 (1.4) 23 (1.0) <0.001

Tobacco Use 458 (18.9) 237 (9.8) 380 (15.7) 233 (9.6) <0.001

Results are presented as count (column percentage) or median (first-third quartiles) BRS: Bariatric Surgery;
SO: Severe Obesity. * Index visit date is earliest documentation of severe obesity for controls or date of bariatric
surgery for cases.

3.2.2. The Propensity-Matched Analysis Comparing the Risk of Colorectal Polyps in
Adults with or without Bariatric Surgery

In our propensity-matched cohort of 9680 adults, the rate of colorectal polyps on
colonoscopy was 46.7% at a median of 0.5 years pre-BRS and 47.9% at 0.6 years pre-SO
(Figure 2). At the end of follow-up, the rate of polyps was 45.4% at a median (range) of
3.2 (1.0–8.5) years post-BRS. Conversely, 53.8% of adults had polyps at a median (range)
of 3.0 (1.0–8.6) years post-SO. Our unadjusted odds ratios are included in Supplementary
Table S5. After adjustment for all the variables in Table 2, date of colonoscopy, and also
medication use at baseline, there was no change in the risk of colorectal polyps in males or
females post- vs. pre-BRS (Table 3). Conversely, the risk of polyps was higher in SO controls
after a similar follow-up period (OR = 1.32, 95% CI: 1.02–1.70 for males and OR = 1.29, 95%
CI: 1.13–1.47 for females). As a result, the risk of colorectal polyps post-BRS was lower than
that of severe obesity and no bariatric surgery (OR = 0.63, 95% CI: 0.44–0.90 for males and
OR = 0.79, 95% CI: 0.66–0.96 for females).
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Table 3. The propensity-matched analysis. Comparison of colorectal polyp odds ratios by sex pre-
and post-bariatric surgery, pre- and post-severe obesity.

Post- vs. Pre- Colonoscopy Males Females

Adjusted* OR
(95% CI)

BRS 0.83 (0.65–1.07) 1.02 (0.89–1.17)

SO 1.32 (1.02–1.70) 1.29 (1.13–1.47)

BRS vs. SO 0.63 (0.44–0.90) 0.79 (0.66–0.96)
BRS: Bariatric Surgery; SO: Severe Obesity. * Models adjusted for age at colonoscopy, tobacco use, alcohol use,
Charlson comorbidity index, screening colonoscopy, date of colonoscopy (before/after 1 October 2015), diabetes
medication use, and cholesterol medication use (medications in pre-index/BRS are at time of colonoscopy,
medications in post-index/BRS are at time of index).

3.2.3. The Propensity-Matched Analysis Comparing the Risk of Rectal Polyps in Adults
with or without Bariatric Surgery

Rectal polyps rates ranged between 7.9 and 8.9% in our propensity-matched cohort
(Supplementary Table S6). When stratified by sex, the risk of rectal polyps was lower post-
vs. pre-BRS in males but not in females as in Table 4 (OR = 0.66, 95% CI: 0.43–0.99 vs.
OR = 1.11, 95% CI: 0.86–1.42, respectively). In controls with SO, there was no difference in
the adjusted risk of rectal polyps during a similar follow-up. When compared to adults
with bariatric surgery, there was a trend towards a reduction in rectal polyps in males,
although that was not statistically significant.

Table 4. The propensity-matched analysis. Comparison of rectal polyp odds ratios by sex pre- and
post-bariatric surgery, pre- and post-severe obesity and in an interaction model.

Post- vs. Pre- Colonoscopy Males Females

Adjusted* OR
(95% CI)

BRS 0.66 (0.43–0.99) 1.11 (0.86–1.42)

SO 1.08 (0.72–1.61) 0.86 (0.68–1.09)

BRS vs. SO 0.61 (0.34–1.08) 1.29 (0.92–1.81)
BRS: Bariatric Surgery; SO: Severe Obesity. * Models adjusted for age at colonoscopy, tobacco use, alcohol use,
Charlson comorbidity index, screening colonoscopy, date of colonoscopy (before/after 1 October 2015), diabetes
medication use, and cholesterol medication use (medications in pre-index/BRS are at time of colonoscopy,
medications in post-index/BRS are at time of index).

3.3. The Impact of Bariatric Surgery on Metabolic Markers and Relation to Polyp Outcomes

We identify a reduction in diabetes and cholesterol medications’ usage at the time
of post-BRS colonoscopy (e.g., a 24.3% reduction in males vs. 16.5% in females for dia-
betes medications as in Table 5, p < 0.001). In contrast, controls with SO were on more
diabetes and cholesterol medications at the time of the post-SO colonoscopy (p < 0.001).
Supplementary Table S7 stratifies the rate of diabetes at index visits and changes in diabetes
medications by sex post-bariatric surgery. When compared to our outcomes, we do not see
an association between the odds of polyps and diabetes medications at index visits or at
the time of colonoscopy, as in Table 6.

Table 5. Analysis restricted to the propensity-matched post-index cohort. Medication usage from
index visit to post-BRS or post-SO colonoscopy, stratified by sex.

Diabetes Medications’ Changes

Group N Index Visit *
Post-BRS or

Post-SO
Colonoscopy

Difference p-Value

Male, BRS 530 44.7% 20.4% −24.3% <0.001

Male, SO 530 24.2% 34.9% +10.7% <0.001

Female, BRS 1890 30.1% 13.6% −16.5% <0.001

Female, SO 1890 16.1% 28.2% +12.1% <0.001
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Table 5. Cont.

Cholesterol Medications’ Changes

Group N Index Visit *
Post-BRS or

Post-SO
Colonoscopy

Difference p-Value

Male, BRS 530 41.3% 29.3% −12.0% <0.001

Male, SO 530 26.6% 37.2% +10.6% <0.001

Female, BRS 1890 25.4% 17.6% −7.8% <0.001

Female, SO 1890 15.5% 25.0% +9.5% <0.001
BRS: Bariatric Surgery; SO: Severe Obesity. * Index visit date is earliest documentation of severe obesity for
controls or date of bariatric surgery for cases

Table 6. Adjusted odds ratios for polyps post-BRIS stratified by gender in relation to diabetes mellitus *.

Variable Post-BRS Males
(n = 530)

Post-BRS Females
(n = 1890)

Diabetes medications at index
(Reference = No)

0.80 (0.54–1.17)
p = 0.25

0.88 (0.71–1.10)
p = 0.26

Cessation of diabetes medications at
post-index colonoscopy (Reference = Still

use medication)

0.83 (0.48–1.42)
p = 0.50

0.91 (0.63–1.29)
p = 0.59

Began diabetes medication after index
(Reference = No)

1.04 (0.26–4.14)
p = 0.96

1.00 (0.54–1.86)
p = 0.99

Diabetes medications at colonoscopy
(Reference = No)

1.04 (0.66–1.64)
p = 0.86

0.98 (0.74–1.29)
p = 0.86

* Models adjusted for age at colonoscopy, tobacco use, alcohol use, Charlson comorbidity index, screening
colonoscopy, and date of colonoscopy (before/after 1 October 2015).

4. Discussion

This nationally representative, propensity-matched cohort study is the largest and
first to evaluate sex-based differences in the risk of colorectal polyps after bariatric surgery
as compared to persistent obesity. Per our propensity-matched analysis, the persistence
of obesity was associated with an increased risk of polyps in both males and females—an
expected result of worsening metabolic parameters. In contrast, the risk of colorectal polyps
remained the same post- vs. pre-bariatric surgery, similar to our prior institutional data [29].
This finding is consistent with a recent meta-analysis showing an increased risk of CRC
with weight gain but no conclusive change with weight loss [30]. Still, when compared
to persistent obesity, bariatric surgery was associated with a lower risk of polyps, like a
prior study that compared bariatric surgery to obesity controls [16]. Furthermore, our large
sample size allowed us to stratify our sample by sex, where we noted a more pronounced
effect in males who also had a lower risk of rectal polyps when comparing post- vs. pre-
bariatric surgery in our propensity-matched analysis. We conclude that the persistence of
obesity can increase the risk of colorectal polyps, an effect that can be ameliorated with
bariatric surgery, especially in males, where the risk of rectal polyps is also suggestively
reduced. These data strengthen the evidence for the deleterious effect of obesity on the
risk of colorectal cancer in both males and females and the potentially protective effect of
bariatric surgery.

In this study, we also investigated the change in diabetes and hyperlipidemia after
bariatric surgery as compared to controls in both males and females. In this analysis, we
used the change in the usage of diabetes medications to define new-onset diabetes (or its
resolution) instead of disease codes since bariatric surgery can reduce weight and metabolic
syndrome, making disease billing codes less precise after surgery. Our results show an
improvement in diabetes and hyperlipidemia after bariatric surgery, while it worsened in
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controls with severe obesity. Nevertheless, we identified no relationship between metabolic
improvement after bariatric surgery and the risk of polyps in males and females.

Our polyp data are consistent with accumulating evidence showing a lower risk of
colorectal cancer in females undergoing bariatric surgery compared to controls with severe
obesity [10–13]. Males also had lower odds of colorectal polyps compared to adults with
persistent obesity. However, this finding in males does not conform with the epidemio-
logical literature showing no change in CRC risk in males after bariatric surgery [13]. An
explanation for a discrepancy between the risk of colorectal polyps and that of CRC in males
after bariatric surgery compared to controls could be due to the lack of power or follow-up
duration to detect a reduction of CRC in males. However, a recent meta-analysis with a
supposably sufficient sample size shows a reduction in CRC in females but not in males
followed for a similar amount of years [13]. Another theory is the beneficial effect of bariatric
surgery on the colon but not rectosigmoid cancer [12]. This would be consistent with a
known stronger effect of obesity on colon but not rectosigmoid cancer [31,32]. However,
in this current study, there was a suggestive lower risk of rectal polyps in males post- vs.
pre-bariatric surgery in our propensity-matched analysis, consistent with a more profound
weight loss after bariatric surgery in males than females [33]. There was also an almost
significantly lower risk of rectal polyps after bariatric surgery compared to severe obesity in
males. This is, again, against data showing an almost increased risk of rectosigmoid cancer
in males compared to controls [12]. Therefore, further data are needed to understand the
impact of bariatric surgery on colon and rectosigmoid cancer risk in males.

One possible theory for a persistently increased risk of CRC in males compared
to controls despite a lower prevalence of polyps may be due to increased acceleration
of colorectal carcinogenesis due to colitis-associated carcinogenesis, a distinct pathway
from adenoma-associated carcinogenesis [34–37]. Indeed, murine and human studies
also report an increased colorectal inflammation after bariatric surgery for unknown
mechanisms [38–40]. Furthermore, the diagnosis of de novo colitis after bariatric surgery
has been reported [41–43]. These phenomena are likely due to a reduced colonic butyrate,
a fiber fermentation product of colon bacteria that suppresses colonic NF-κB activity in-
flammatory cytokines and can modulate Wnt signaling, the most activated pathway in
CRC [44–62]. Certainly, fiber intake drops by 45% post-bariatric surgery to 6–17 g/day—
below the recommended intake of 25–30 g/day [63–72]. In parallel, studies observe a
reduction in fecal butyrate levels and the abundance of butyrate-producing bacteria after
bariatric surgery [73–79]. We suspect a lower butyrate would be more pronounced in
males, who are reported to consume 20% less fiber per kcal/day than females after bariatric
surgery [80]. As a result, an altered colonic milieu with lower butyrate could counteract the
beneficial effect of weight loss on the colorectum. Data are limited; therefore, future mecha-
nistic studies need to assess this theory and the impact of bariatric surgery on adenoma-
and colitis-associated carcinogenesis.

Strengths and limitations: An ideal method to examine our hypothesis would be to
prospectively measure the risk of neoplastic polyps on colonoscopy in males and females
randomized to bariatric surgery vs. no surgery [81]. However, this design would be
cumbersome and likely yield a small sample size to detect sex-based differences. As an
alternative, our study used a propensity score, which allows for quasi-randomization
depending on the status of bariatric surgery and the timing of colonoscopy. By comparing
bariatric surgery to controls with severe obesity, we accounted for the effect of obesity
or weight loss during a similar follow-up period on the risk of colorectal polyps. Our
propensity-matched pre- and post-cohorts had similar characteristics except for the timing
of colonoscopy, either pre- or post-BRS or SO. We also used thorough exclusions when
choosing appropriate controls without bariatric surgery in order to minimize confounding
and isolate the effect of obesity/bariatric surgery. As a result, our matched pre-SO cohort
had a comparable rate of polyps to the pre-BRS cohort (47.9% vs. 46.7%, respectively,
p = 0.42). Despite our comprehensive analysis, we report a few limitations due to the
nature of the MarketScan database. For instance, we are limited by our retrospective
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design and use of billing codes despite using previously validated codes. Our cohort
also remains a convenience sample, limited to patients with commercial insurance who
received colonoscopies either pre- or post-surgery. Our stringent exclusions may also limit
the generalizability of this study to adults who were excluded from our study. Also, we
could not assess the pathology of polyps in MarketScan, which can be either precancerous
(adenoma or serrated polyps) or completely benign (hyperplastic). Still, there is a strong
correlation between adenoma detection rate (ADR) and polyp detection rate, which is
used as a surrogate of ADR in some countries [22,82]. Furthermore, there is no association
between hyperplastic polyps and adipokines/obesity, unlike adenomas, which makes
hyperplastic polyps less likely to be altered after surgical weight loss to confound our
findings [83–86]. Finally, we could not account for the exact BMI values or duration of
obesity prior to surgery or prior to documentation of obesity in our controls. However, we
adjusted for markers of metabolic syndrome that correlate with the duration and severity
of obesity [87]. Future prospective studies also need to account for other risk factors such
as diet, exercise, and race/ ethnicity, which we could not include using the MarketScan
administrative database.

5. Conclusions

In summary, obesity is becoming the number one healthcare concern in the world.
The study using a nationwide database is designed to provide descriptive data addressing
the differential impact of bariatric surgery on the risk of colorectal polyps according to sex.
This information sheds light on the natural history of the adenoma–carcinoma pathway of
colorectal carcinogenesis with obesity and after bariatric surgery. These data also provide
sex-based data for mechanistic studies and the design of future interventional studies using
bariatric surgery. These studies are specifically needed to understand why men remain at
higher risk of colorectal cancer despite a lower risk of polyps after bariatric surgery, which
would be pivotal for public efforts aimed at reducing the risk of CRC.
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Simple Summary: Prior data showed an increasing incidence of rectal neuroendocrine tumors (RNET)
in the US. There are limited comprehensive recent data on RNET incidence and time-trends among
demographic-specific populations. The aim of this study was to evaluate recent age-specific RNET
incidence rates and time-trends in demographic- and tumor-specific populations, using the United
States Cancer Statistics (USCS) data covering ~98% of the US population between 2001 and 2020. Our
nationwide analysis including 59,846 patients diagnosed with RNET shows a significantly increasing
incidence of RNET in younger adults. An age-specific comparative analysis showed a significantly
greater increase in younger adults compared to older adults. A sex-specific analysis showed that the
increase was mostly driven by younger women and by tumors diagnosed at an early stage. The age-
specific difference in RNET incidence was noted in various races. A sensitivity analysis of microscopically
confirmed RNET cases showed similar results to the overall analysis. Our study provides comprehensive
epidemiological data aiming to guide further investigations on this emerging topic.

Abstract: Prior non-comparative data showed increasing incidence of rectal neuroendocrine tumors
(RNET) in the US. We aimed to evaluate age-specific RNET incidence rates and time-trends in demographic-
and tumor-specific populations. The RNET age-adjusted incidence rates were calculated from the United
States Cancer Statistics (USCS) database between 2001 and 2020. The population was stratified by age
into older (≥55 years) and younger adults (<55 years), as well as by sex and race. The tumors were
categorized by their stage at diagnosis into early and late. The annual percentage change (APC)
and average APC (AAPC) were estimated using joinpoint regression and Monte Carlo permutation
analysis. Pairwise comparison assessed for parallelism and coincidence. There were 59,846 patients
diagnosed with RNET between 2001 and 2020 (50.3% women). Overall, the RNET incidence rates
during this period were increasing in younger but not older adults (AAPC = 3.12 vs. −1.10; AAPC
difference = 4.22, p < 0.001), with non-identical non-parallel data (p-values < 0.001). While similar re-
sults were seen in men, a greater age-specific difference was noted in women (AAPC = 3.31 vs. −1.10;
AAPC difference = 4.41, p = 0.003). The difference between younger and older adults was seen in
non-Hispanic White (AAPC-difference = 4.89; p < 0.001) and non-Hispanic Black (AAPC-difference =
3.33; p = 0.03) patients, and, in most years, among Hispanic and Non-Hispanic Asian/Pacific Islander
patients, and it was mostly driven by early-stage tumors (AAPC-difference = 3.93; p < 0.001). The
nationwide data show a significantly increasing RNET incidence in younger adults, most notably in
younger women and in early-stage tumors, seen in various races. Future studies should evaluate
RNET risk factors and outcomes in demographic-specific populations.

Keywords: rectal neuroendocrine tumors; incidence; epidemiology; rectal cancer; health disparity;
neuroendocrine tumors
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1. Introduction

Neuroendocrine tumors are a group of neoplasms that can exhibit dichotomous
functions mimicking both the characteristics of nerve cells and the hormone-secreting
capabilities of endocrine cells [1]. The incidence of neuroendocrine tumors was shown
to be increasing in a previous analysis of the Surveillance Epidemiology and End Results
(SEER) database in multiple body organs, including several parts of the gastrointestinal
tract [2]. Prior theories suggested that the increase in incidence could be the result of the
improvement in detection modalities, including imaging and endoscopic procedures. The
small intestine has been considered the most common site for neuroendocrine tumors
in the past; however, after the implementation of the new colonoscopy screening recom-
mendations by the American College of Gastroenterology, rectal neuroendocrine tumors
(RNET) are at least as prevalent as small intestine carcinoid tumors [3]. RNET are mostly
asymptomatic and found incidentally [4], with an incidence rate of 0.17% during screening
colonoscopies [5]. A previous nationwide analysis evaluating 4918 RNET cases showed an
increasing RNET incidence between 1992 and 2015. However, the study was limited in such
that it only covered 13.4% of the US population, which may limit the generalizability of the
findings. Furthermore, the study did not provide comparative data of age-specific trends,
nor evaluated the rates or trends by race or tumor characteristics [6]. Despite the growing
literature investigating RNET, there are limited data on recent RNET age- and sex-specific
incidence rates. Therefore, the aim of this study was to evaluate recent RNET incidence
rates and time-trends among population-specific demographics and tumor-specific charac-
teristics using a nationwide comprehensive database, the United States Cancer Statistics
(USCS) database [7]. We aimed to evaluate the following:

• The RNET incidence rates and time-trends in age- and sex-specific populations;
• The impact of race on RNET incidence rates and time-trends in different age groups;
• The impact of a tumor’s stage at diagnosis on the RNET incidence rates and time-

trends in different age groups.

The findings of this study were presented in part as a lecturer presentation at the
Digestive Diseases Week (DDW) 2023 conference at the “AGA Colorectal Cancer Screening
and Surveillance: High-Risk Populations, Including Hereditary Syndromes and Inflamma-
tory Bowel Disease” session on the 6th of May 2023 (10:45 A.M. to 11:00 A.M.), in Chicago,
IL. Other findings of this study were accepted at the American College of Gastroenterology
Annual Scientific Meeting & Postgraduate Course and were presented on the 22nd of
October 2023 in Vancouver, Canada.

2. Materials and Methods

This is a nationwide population-based time-trend analysis of RNET incidence rates
in the US between 2001 and 2020, using the USCS database. The data were de-identified
and publicly available, and, therefore, based on the National Human Research Protections
Advisory Committee Policy, the data were exempted from review by the institutional
review board.

2.1. Data Collection

The RNET incidence rates between the 1st of January 2001 and the 31st of December
2020 were collected from the USCS database, a comprehensive source of cancer incidence
statistics in the US, which nearly covers 98% of the US population [7]. The USCS database
has data from the Centers for Disease Control and Prevention (CDC)’s National Program
of Cancer Registries (NPCR) and from the National Cancer Institute (NCI)’s Surveillance,
Epidemiology, and End Results (SEER) program. It covers all 50 states, the District of
Columbia, and Puerto Rico, providing data on nearly 33 million cancer cases [7]. All
collected data by the US cancer registries get implemented into automated software pro-
grams to maintain high-quality standardization and coding as per the North American
Association of Central Cancer Registries’ data standards [8].

65



Cancers 2023, 15, 5286

2.2. Definitions

The RNET incidence rate was defined as the number of patients diagnosed with RNET
per 100,000 population each year. The annual percentage change (APC) was defined as
the percentage change in the RNET incidence rates between two years. The average APC
(AAPC) was defined as the average percentage change in the RNET incidence rates between
2001 and 2020. Increasing and decreasing trends were defined as the statistically signif-
icant positive and negative values of the AAPC, respectively, while the non-statistically
significant changes in the AAPC were identified as stable trends. The tumors’ location
was specified as being in the “Rectum and Rectosigmoid Junction”, with a malignant
behavior. The International Classification of Diseases for Oncology, Third Edition, Site Record
ICD-O-3/WHO 2008, was used to identify RNET codes as follows: 8240, 8241, 8245, 8246,
and 8249 [9]. The population was divided using a cutoff age of 55 years into the following
two pre-specified age groups, as defined in prior studies [10,11]: older adults, i.e., patients
aged 55 years or older, and younger adults, i.e., patients aged 15–54 years (<55 years). The
population was also categorized by sex and by race into the following groups, as defined in
the database: Hispanic (H), Non-Hispanic Black (NHB), Non-Hispanic White (NHW), Non-
Hispanic Asian/Pacific Islander (NHAPI), and Non-Hispanic American Indian/Alaska
Native (NHAIAN). The tumors’ stage at diagnosis was defined as early stage, including
in situ and localized tumors, and late stage, including tumors with regional or distant
site/nodes’ involvements.

2.3. Statistical Analysis

The RNET incidence rates were calculated and adjusted for age based on the 2000 stan-
dard US population using the SEER*Stat software (v.8.4.1.2, National Cancer Institute
“NCI”). The Joinpoint Regression Software (v.4.9.0.1, NCI) was used to analyze the time-
trends, which were estimated as the APC and the AAPC. This software uses Monte Carlo
permutation analysis to identify the simplest trend that reflects the change in rates over
time [12,13]. Using tests of parallelism and coincidence, a pairwise comparison was
conducted between the age-specific trends, and the absolute AAPC difference was evalu-
ated [14]. Further analysis was conducted in sex- and race-specific populations and, also,
after categorizing the tumors by their stage at diagnosis. Lastly, a sensitivity analysis was
conducted using microscopically confirmed cases only. A two-sided p-value cutoff at 0.05
was utilized for statistical significance.

3. Results
3.1. RNET Incidence Rates and Time-Trends in Age- and Sex-Specific Populations

From 2001 to 2020, there were 59,846 cases of RNET diagnosed in the US. Notably,
RNET incidence rates have been significantly increasing in younger adults in contrast to
the stable trend that has been maintained in older adults (AAPC = 3.12 vs. −1.10; AAPC
difference = 4.22, p < 0.001). The age-specific trends during this period were not uniform
(p < 0.001), nor parallel (p < 0.001), suggesting that the RNET incidence rates in younger
adults are distinct and rising at a greater rate compared to older adults (Table 1). This
trend was replicated in men (29,772 patients), with a greater increase in RNET incidence
rates among younger adults compared to older adults (AAPC = 3.08 vs. −0.02; AAPC
difference = 3.10, p = 0.01). While similar results were seen in women (30,074 patients),
a greater AAPC difference between younger and older adults was noted (AAPC = 3.31
vs. −1.10; AAPC difference = 4.41, p = 0.003), with non-parallel (p < 0.001) non-identical
(p < 0.001) data. This underscores women as the population exhibiting the greatest disparity
between the RNET incidence trends between age-specific groups (Figure 1).
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significant difference (3.31 vs. −1.10, p = 0.003). 
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Figure 1. Age-specific time-trends of incidence rates per 100,000 population for rectal neuroendocrine
tumors (RNET) among men and women. (A) The average annual percentage change (AAPC) is
increasing in younger adults at a greater rate compared to the stable trend in older adults, with a
significant difference (3.12 vs. −1.10, p < 0.001). (B) The average annual percentage change (AAPC)
is increasing in younger men at a greater rate compared to the stable trend in older men, with a
significant difference (3.08 vs. −0.02, p = 0.01). (C) The average annual percentage change (AAPC)
is increasing in younger women at a greater rate compared to the stable trend in older men, with a
significant difference (3.31 vs. −1.10, p = 0.003).

3.2. RNET Incidence Rates and Time-Trends in Age- and Race-Specific Populations

In NHW patients (29,720 patients), the RNET incidence rates were significantly in-
creasing in younger adults and decreasing in older adults (AAPC = 2.83 vs. −2.06; AAPC
difference = 4.89, p < 0.001). In NHB patients (16,025 patients), the incidence rates were
also increasing in younger adults but not in older adults (AAPC = 2.90 vs. −0.43; AAPC
difference = 3.33, p = 0.03). In H patients (6903 patients), while the RNET incidence rates
were increasing only in younger adults between 2001 and 2018 (APC = 3.77 vs. 0.95), the
rates were stable in both age groups between 2018 and 2020. The AAPCs were non-identical
(p < 0.001) and non-parallel (p < 0.001), with an AAPC difference of 3.62 (p = 0.05), suggest-
ing that the rates in younger adults were different than older adults and that the absolute
difference was trending to be statistically significant. In NHAPI patients (4577 patients),
while the rates were increasing in younger adults between 2001 and 2018 (AAPC = 3.16)
and stabilized afterward, older adults experienced stable trends during the study period,
with parallel data (p = 0.15) and a non-significant difference (p = 0.36). Lastly, in NHAIAN
patients, there were 425 patients who were diagnosed with RNET, but the number of yearly
cases was too small to estimate a trend (Table 2 and Figure 2).
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Figure 2. Age-specific time-trends of incidence rates per 100,000 population for rectal neuroendo-
crine tumors (RNET) among different race groups. (A) The average annual percentage change 
(AAPC) is increasing in younger NHW patients while decreasing in older NHW patients, with a 
significant difference (2.83 vs. −2.06; p < 0.001) and non-parallel (p < 0.001) non-identical (p < 0.001) 
trends. (B) The average annual percentage change (AAPC) is increasing in younger NHB patients 

Figure 2. Age-specific time-trends of incidence rates per 100,000 population for rectal neuroendocrine
tumors (RNET) among different race groups. (A) The average annual percentage change (AAPC)
is increasing in younger NHW patients while decreasing in older NHW patients, with a significant
difference (2.83 vs. −2.06; p < 0.001) and non-parallel (p < 0.001) non-identical (p < 0.001) trends.
(B) The average annual percentage change (AAPC) is increasing in younger NHB patients while
remaining stable in older NHB patients, with a significant difference (2.90 vs. −0.43; p = 0.03)
and non-parallel (p < 0.001) non-identical (p < 0.001) trends. (C) The average annual percentage
change (AAPC) is stable in younger H patients and older H patients (2.03 vs. −1.59; p = 0.005), with
non-parallel (p < 0.001) non-identical (p < 0.001) trends. (D) The average annual percentage change
(AAPC) is increasing in younger NHAPI patients while remaining stable in older NHAPI patients,
with a significant difference (0.81 vs. −1.14; p = 0.36) and parallel (p = 0.15) non-identical (p < 0.001)
trends.

3.3. RNET Incidence Rates and Time-Trends in Age-Specific Populations Characterized by Tumors’
Stage at Diagnosis

In tumors diagnosed at an early stage (45,146 patients), the RNET incidence rates
were increasing in younger adults but not in older adults (AAPC = 3.47 vs. −0.46; AAPC
difference= 3.93, p < 0.001). The age-specific trends were non-identical (p < 0.001) and
non-parallel (p < 0.001), suggesting that the rates in younger adults were increasing at a
greater rate compared to older adults. In tumors diagnosed at a late stage (4012 patients),
the RNET incidence rates were increasing in younger adults at a greater rate compared to
older adults (AAPC = 3.43 vs. 0.99; AAPC difference = 2.44, p = 0.004), with non-identical
(p < 0.001) non-parallel data (p < 0.001) as well (Table 2 and Figure 3).

71



Cancers 2023, 15, 5286

Cancers 2023, 15, x FOR PEER REVIEW 7 of 12 
 

 

while remaining stable in older NHB patients, with a significant difference (2.90 vs. −0.43; p = 0.03) 
and non-parallel (p < 0.001) non-identical (p < 0.001) trends. (C) The average annual percentage 
change (AAPC) is stable in younger H patients and older H patients (2.03 vs. −1.59; p = 0.005), with 
non-parallel (p < 0.001) non-identical (p < 0.001) trends. (D) The average annual percentage change 
(AAPC) is increasing in younger NHAPI patients while remaining stable in older NHAPI patients, 
with a significant difference (0.81 vs. −1.14; p = 0.36) and parallel (p = 0.15) non-identical (p < 0.001) 
trends. 

3.3. RNET Incidence Rates and Time-Trends in Age-Specific Populations Characterized by Tu-
mors’ Stage at Diagnosis 

In tumors diagnosed at an early stage (45,146 patients), the RNET incidence rates 
were increasing in younger adults but not in older adults (AAPC = 3.47 vs. −0.46; AAPC 
difference= 3.93, p < 0.001). The age-specific trends were non-identical (p < 0.001) and non-
parallel (p < 0.001), suggesting that the rates in younger adults were increasing at a greater 
rate compared to older adults. In tumors diagnosed at a late stage (4012 patients), the 
RNET incidence rates were increasing in younger adults at a greater rate compared to 
older adults (AAPC = 3.43 vs. 0.99; AAPC difference = 2.44, p = 0.004), with non-identical 
(p < 0.001) non-parallel data (p < 0.001) as well (Table 2 and Figure 3). 

 
Figure 3. Age-specific time-trends of incidence rates per 100,000 population for rectal neuroendo-
crine tumors (RNET) characterized by tumors’ stage at diagnosis. (A) For tumors diagnosed at an 
early stage, the average annual percentage change (AAPC) is increasing in younger adults but not 
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non-identical (p < 0.001) trends. (B) For tumors diagnosed at a late stage, the average annual per-
centage change (AAPC) is increasing in younger adults at a significantly greater rate compared to 
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3.4. Sensitivity Analysis 
Our sensitivity analysis of microscopically confirmed RNET cases shows similar re-
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p < 0.001) (Table 3 and Figure 4). 
  

Figure 3. Age-specific time-trends of incidence rates per 100,000 population for rectal neuroendocrine
tumors (RNET) characterized by tumors’ stage at diagnosis. (A) For tumors diagnosed at an early
stage, the average annual percentage change (AAPC) is increasing in younger adults but not in
older adults, with a significant difference (3.47 vs. −0.46; p < 0.001) and non-parallel (p < 0.001) non-
identical (p < 0.001) trends. (B) For tumors diagnosed at a late stage, the average annual percentage
change (AAPC) is increasing in younger adults at a significantly greater rate compared to older adults
(3.43 vs. 0.99; p = 0.004) with non-parallel (p < 0.001) non-identical (p < 0.001) trends.

3.4. Sensitivity Analysis

Our sensitivity analysis of microscopically confirmed RNET cases shows similar
results to the overall analysis, showing a greater increase in the RNET incidence rates in
younger adults compared to older adults (AAPC = 3.10 vs. −1.10; AAPC difference = 4.20;
p < 0.001) (Table 3 and Figure 4).
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Figure 4. Age-specific time-trends of incidence rates per 100,000 population for microscopically con-
firmed rectal neuroendocrine tumors (RNET). The average annual percentage change (AAPC) is 
increasing in younger adults at a greater rate compared to the stable trend in older adults, with a 
significant difference (3.10 vs. −1.10, p < 0.001). 

4. Discussion 
Our nationwide study evaluating nearly all patients diagnosed with RNET in the US 

between 2001 and 2020 showed a significant increase in the RNET incidence rates in 
younger adults aged <55 years when compared to older adults aged ≥55 years. Our anal-
ysis by sex and by race showed that the largest disparity between younger and older 
adults was arising from women’s rates and was seen in NHW and NHB patients, as well 
as in H and NHAPI patients in most years. When characterizing the tumors by stage at 
diagnosis, the greatest difference between the age-specific trends was seen in the tumors 
diagnosed at an early stage.  

The rising incidence of NETs has been widely established in the literature, with a 6-
fold increase in the US over the last three decades [15]. However, there are limited data 
evaluating the increased incidence of rectal NETs in recent years while also identifying 
differences in the incidence rates across different sexes, age groups, and racial popula-
tions. A previous non-comparative SEER-based analysis found that there has been a rising 
incidence of RNETs from 1975 to 2015 [6] While the previous study shows similar findings 
to our current study, there are several differences. Our study offers a significantly larger 
sample size (59,846 patients vs. 4918 patients), provides an age-specific comparative anal-
ysis, evaluates updated data between 2001 and 2020, and provides a sensitivity analysis 
of microscopically confirmed cases. We also categorized the age-specific analysis by sex 

Figure 4. Age-specific time-trends of incidence rates per 100,000 population for microscopically
confirmed rectal neuroendocrine tumors (RNET). The average annual percentage change (AAPC) is
increasing in younger adults at a greater rate compared to the stable trend in older adults, with a
significant difference (3.10 vs. −1.10, p < 0.001).
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4. Discussion

Our nationwide study evaluating nearly all patients diagnosed with RNET in the
US between 2001 and 2020 showed a significant increase in the RNET incidence rates
in younger adults aged <55 years when compared to older adults aged ≥55 years. Our
analysis by sex and by race showed that the largest disparity between younger and older
adults was arising from women’s rates and was seen in NHW and NHB patients, as well
as in H and NHAPI patients in most years. When characterizing the tumors by stage at
diagnosis, the greatest difference between the age-specific trends was seen in the tumors
diagnosed at an early stage.

The rising incidence of NETs has been widely established in the literature, with a
6-fold increase in the US over the last three decades [15]. However, there are limited data
evaluating the increased incidence of rectal NETs in recent years while also identifying
differences in the incidence rates across different sexes, age groups, and racial populations.
A previous non-comparative SEER-based analysis found that there has been a rising
incidence of RNETs from 1975 to 2015 [6] While the previous study shows similar findings
to our current study, there are several differences. Our study offers a significantly larger
sample size (59,846 patients vs. 4918 patients), provides an age-specific comparative
analysis, evaluates updated data between 2001 and 2020, and provides a sensitivity analysis
of microscopically confirmed cases. We also categorized the age-specific analysis by sex
and showed that the largest difference between younger and older adults was arising from
women.

This increase in RNET incidence may in part be ascribed to an increase in the breadth
of knowledge known about GI NETs, as demonstrated by new classifications of the tumors
defined by the WHO as recently as 2019 [16]. Although there has been little research on
the role of more developed imaging techniques, such as PET radiography using gallium-
based tracers which act as somatostatin analogs for RNET diagnosis specifically, these
techniques have been proven to be effective and a contributing factor to the rising incidence
of numerous GI NETs, including RNET [17,18]. This could also be a possible reason driving
the increase in RNET in recent years. Another possible explanation for the increased RNET
incidence has been attributed to growing awareness of these tumors and advancements
in endoscopy utilization for cancer screening, and, thus, diagnosing a wider population
range [19]. Procedural advancements in recent years have allowed for increased detection
of smaller lesions or precursor lesions, potentially explaining the increased AAPC in
younger adults when compared to older adults [6]. It was hypothesized that this effect
would eventually plateau, as it can be seen from our data showing a stable trend of RNET
incidence in older adults [20]. Having said that, prior data showed that women are less
likely to obtain screening colonoscopies compared to men [21,22], which does not align
with the prior theories of increased detection of RNET, given that the greater increase was
seen in younger women. Considering the differences in AAPC between men and women,
it is crucial to further investigate the reasoning behind this, while also identifying the
differences in risk factors which may contribute to missed diagnoses.

There is a growing body of literature showing racial disparities in RNET incidence
rates. Previous data showed that the most common location of NET in African American,
American Indian/Alaskan Native, and Asian/Pacific Islander patients was the rectum [23].
Prior data also showed that the increasing incidence of RNET was more prominent in
the African American population [9]. Our findings show that the RNET incidence rates
were highest in all racial minorities (NHB, H, and NHAPI patients) compared to the NHW
population, consistent with the literature [3]. However, our study provides an age-specific
analysis of different race groups and shows that the greatest AAPC in different age- and
race-specific cohorts was found in younger NHB patients (AAPC = 2.90). We also show
that younger Hispanic patients and younger NHAPI patients experienced a significant
increase in RNET incidence rates between 2001 and 2018, with an AAPC of 3.77 and 3.16,
respectively. Our findings suggest an overall greater increase in younger adults compared
to older adults in NHW, NHB, and H patients. Our study also shows that the RNET
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incidence rates in older adults were decreasing in NHW patients and remained stable in all
the other racial groups. Many may attribute the increase in RNET incidence in the various
population groups to the increase in colonoscopy screening, but this seems to only hold
true for age and population as a whole. It has been found that ethnic minorities are less
likely to obtain screening colonoscopies [24], suggesting that there must be another reason
for the disparities within the various demographic characteristics which must be further
investigated [3].

With regard to the stage at diagnosis, prior nationwide data from Canada suggested
that the increasing incidence of RNET was driven by tumors diagnosed at an early stage [25].
Our study adds to the existing literature by providing comprehensive US data on RNET
incidence categorized by the stage at diagnosis in different age groups. We demonstrate an
increasing incidence of early- and late-stage RNET, with the most significant increase in
tumors diagnosed at an early stage in younger adults and significant differences between
age-specific groups. This could be the result of the increased detection of those tumors due
to improvements in diagnostic modalities such as computed tomography and endoscopic
procedures. It has also been postulated that these findings may partly reflect changes in the
diagnostic criteria or changes in tumor biology [6]. However, the data on these theories are
very limited, and, ultimately, a true increase in the tumors’ incidence cannot be ruled out.

Some of the strengths of our study include the large sample size in the USCS database
(59,846 patients; ~98% of the US population) and the use of joinpoint regression to conduct
time-trend analysis, which is recommended in large databases [26]. Furthermore, we
demonstrated an age-specific comparative analysis of RNET incidence rates between older
and younger adults. We also provided an analysis categorized by patients’ race and tumors’
stage at diagnosis, with the goal of better understanding the epidemiology of RNET in
different populations. In addition, we performed a sensitivity analysis of microscopically
confirmed cases and found similar results to the overall analysis. With that in mind, our
study suffers from several limitations. First, our study is observational in nature and
hypothesis-generating, which limited us from identifying any risk factors for the revealed
findings. Second, the coding reliability and possible loss of records are some inherent
limitations of the SEER database that can be implied for the NPCR database, given the
similar methodology utilized for collecting data between the two databases [27]. Therefore,
those limitations can be generalized to the USCS database. However, the USCS database is
the official source of federal cancer statistics in the US. It is a high-quality database and
undergoes rigorous quality checks and reviews before publication to minimize any human
errors [7]. Similar to much of the new literature establishing an increasing incidence of
gastrointestinal cancers, such as colorectal cancer [28], gastric cancer [29], and pancreatic
cancer [10,11], in younger adults in the US, we hope that our current findings of an
increasing incidence of RNET in younger adults will help guide health care screening
guidelines and policies toward further investigations on this topic. Future studies are
needed to assess the risk factors associated with the revealed trends and to evaluate the
RNET mortality and outcomes in demographic-specific populations.

5. Conclusions

Our nationwide analysis of the USCS database, covering approximately 98% of the
US population, has found that RNET incidence trends have been steady over the past
two decades in older adults, while the rates have been increasing in younger adults. The
greatest difference between older and younger adults seemed to be arising from younger
women and was seen in NHW and NHB patients, as well as in H and NHAPI patients in
most years. The increasing trend of RNET in younger adults was mostly driven by tumors
diagnosed at an early stage. While this increase can be partially attributed to the increased
detection of RNET due to improvements in screening modalities, it can also be a true
increase, especially with growing data showing an increase in a variety of gastrointestinal
malignancies in younger adults. The exact causes of the revealed trend are unclear. It may
be driven by age-specific exposure or response to risk factors that are disproportionally
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affecting younger adults. The study outlines the imperative need for future studies to
investigate the risk factors associated with the increasing incidence of RNET in younger
adults, especially in younger women.
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Simple Summary: Recent animal studies have shown a correlation between environmental tem-
perature and tumor growth. Based on these studies, we hypothesized that esophageal cancer and
gastric cancer patients living in warmer climates have improved survival as compared to patients
living in colder climates. We conducted a study using the SEER (Surveillance, Epidemiology, and
End Results) database and analyzed the cancer outcomes with the county-level average annual
temperature in which those patients resided. We analyzed 17,408 esophageal cancer and 20,533
gastric cancer patients. We noted for the first time that higher environmental temperatures were
associated with significant improvements in survival in patients with esophageal and gastric cancers.
Further confirmatory population-based studies as well as mechanistic-bench studies are needed to
support our findings.

Abstract: Background: Cold stress suppresses antitumor response in animal models, leading to
tumor growth. Recent studies have also shown a negative correlation between the average annual
temperature (AAT) and cancer incidence. We hypothesized that esophageal cancer (EC) and gas-
tric cancer (GC) patients living in warmer climates have improved survival outcomes than those
living in colder climates. Methods: We conducted a retrospective analysis using the Surveillance,
Epidemiology, and End Results (SEER) database from 1996 to 2015. We retrieved the National Centers
for Environmental Information data to calculate the county-level AAT. Cox multivariate regression
models were performed to measure the association between temperature (measured continuously at
diagnosis and in 5-degree increments) and OS/DSS, adjusting for variables. All associations were
compared at a significance level of 0.05. The OS and DSS were summarized using Kaplan–Meier
methods. All statistics were performed using SAS version 9.4 (SAS Institute Inc., Cary, NC, USA).
Results: A total of 17,408 EC patients were analyzed. The average age of the cohort was 65 years,
79% of which were males and 21% were females. Of them, 61.6% had adenocarcinoma, and 37.6%
were squamous. After adjusting for covariates, patients in regions with an AAT > 53.5 ◦F had an
11% improvement in OS [HR 0.89 (95% CI 0.86–0.92), p < 0.0001] and 13% in DSS [HR 0.87 (95% CI
0.84–0.90), p < 0.0001]. When the temperature was analyzed in 5 ◦F increments, with each increment,
there was a 3% improvement in OS [HR 0.97 (95% CI 0.96–0.98), p < 0.0001] and 4% in DSS [HR 0.96
(95% CI 0.95–0.97), p < 0.0001]. Subgroup analysis of squamous and adenocarcinoma showed similar
results. These findings were validated in 20,553 GC patients. After adjusting for covariates, patients
in regions with an AAT > 53.5 had a 13% improvement in OS [HR 0.87 (95% CI 0.85–0.90), p < 0.0001]
and 14% in DSS [HR 0.86 (95% CI 0.83–0.89), p < 0.0001]. When analyzed in 5 ◦F increments, with
each increment, there was a 4% improvement in OS [HR 0.96 (95% CI 0.952–0.971), p < 0.0001] and
4% in DSS [HR 0.96 (95% CI 0.945–0.965), p < 0.0001]. Conclusion: We showed for the first time
that higher environmental temperatures are associated with significant improvements in OS and
DSS in patients with gastro-esophageal cancers, notwithstanding the limitations of a retrospective
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database analysis. Further confirmatory and mechanistic studies are required to implement specific
interventional strategies.

Keywords: esophageal cancer; gastric cancer; environmental temperature; cold stress; overall sur-
vival; disease-specific survival

1. Introduction

Gastroesophageal cancers (GEC) are highly aggressive malignancies and leading
causes of cancer-related mortality. According to GLOBOCAN 2020 statistics, esophageal
(EC) and gastric cancers (GC) were the fourth and sixth leading causes of cancer-related
deaths globally, with 768,793 and 544,076 new deaths reported, respectively [1]. In the
United States (US), the estimated annual new cases of EC and GC were 26,380 and 20,640,
respectively, in 2022 [2]. Unfortunately, majority of the patients are diagnosed at advanced
stages, and the prognosis of EC and GC remains poor (5-year overall survival [OS] in
2022 ranged between 20–32%) [3–5]. In addition, patients with GEC may suffer from a
wide range of morbidities, such as bleeding, obstruction, and worsened quality of life [6,7].
Therefore, GECs are a global public health concern that substantially burdens patients and
healthcare resource utilization.

Several environmental risk factors are implicated in developing GEC, which vary
according to the underlying histology and biological characteristics. Tobacco smoking
and alcohol consumption are predominantly associated with esophageal squamous cell
carcinoma, while gastroesophageal reflux, obesity, and low fruit/vegetable intake are asso-
ciated with the esophageal adenocarcinoma subtype [8]. Additionally, H. pylori infection,
Epstein–Barr virus (EBV), and dietary factors increase the risk of GC [9,10]. Several prog-
nostic factors affect survival in GECs, such as advanced age, location, histological type,
stage and lymph node status, and genetic biomarkers [11–14]. However, patient, disease,
and management-specific factors were not found to fully explain the geographical dispar-
ities of GE outcomes [15,16]. Therefore, further research is needed to evaluate potential
environmental and social prognostic factors for GEC.

Acute and chronic stressors are well-established modulators of the tumor microen-
vironment and significantly promote cancer invasion and progression through cascades
of signaling pathways and adaptive immune responses [17]. Chronic cold stress has been
found to prompt genetic and pre-genetic alterations and immunosuppressive responses,
creating a pro-tumorigenic microenvironment [18,19]. Previous animal models have shown
that chronic cold temperatures alter murine physiology and dysregulate immune response,
leading to overexpression of immunosuppressive M2 macrophages, excessive release of
pro-inflammatory cytokines and regulatory T cells (Tregs), and myeloid-derived suppressor
cells (MDSCs)-mediated suppression of immune effector T cells [20,21]. It has also been
found that sub-thermoneutral housing temperature (22 ◦C/71.6 ◦F) promotes tumor cell
proliferation, pro-metastatic effects, and cancer progression [22–24].

Such findings led epidemiological studies to investigate the “cancer-cold” hypothesis,
a term that denotes higher cancer risk in areas with colder temperatures. In a previous
retrospective study, patients from the coldest countries were found to have the highest
cancer incidence [25]. Likewise, data from the US found that lower environmental tem-
perature/average annual temperature (AAT) was a significant predictor of higher cancer
risk, including GEC and EC [26,27]. Notably, colder temperatures were found to have
prognostic implications and significantly affected cancer survival. In a study by Sharma
et al., most countries with the coldest AAT were among the top 50 countries with the
highest cancer-related mortality, indicating a negative predictive value of colder AAT on
cancer outcomes [28]. More recently, it was found that lower environmental temperatures
were significantly associated with worse OS in patients with breast cancer [29].
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Although there is an increasing body of evidence associating environmental temper-
ature with cancer incidence, there remains a distinct lack of focused research examining
the impact of climate on survival outcomes, particularly in GEC patients. Prior research
primarily has stratified cancer incidence according to county-specific temperatures, and
while it has established a potential relationship between colder temperatures and increased
cancer risk, the specific implications of cold temperatures on survival outcomes remain
largely unexplored. This study analyzed the data of the Surveillance, Epidemiology, and
End Results (SEER) to investigate the predictive value of AAT on the overall (OS) and
disease-specific survival (DSS) of GEC patients in the US.

2. Materials and Methods
2.1. Data Source and Population

The present study was a population-based retrospective analysis that retrieved data of
all patients with EC and GE from the SEER database, covering nearly one-third of the US
population. Data of all adult patients diagnosed between 1996 and 2017 were retrieved.
There were no restrictions regarding the tumor stage. We used the 3rd edition of the
WHO International Classification of Diseases for Oncology for tumor site identification.
Patients with missing survival follow-up data were excluded. We extracted data regarding
demographic characteristics, tumor histology, histological stage, grade and stage, history
of surgery, and survival outcomes.

Data regarding the AAT were obtained from the National Centers for Environmental
Information (NCEI; https://www.ncei.noaa.gov/, accessed on 20 July 2022), which pro-
vides county- and time-specific data regarding the average temperature [30]. We retrieved
the county-specific monthly average temperatures at diagnosis to calculate the AAT. As the
present study was based on a publicly available de-identified database, the need for ethics
committee approval was waived.

2.2. Statistical Analysis

All statistical analyses were performed using SAS version 9.4 (SAS Institute Inc.,
Cary, NC, USA). The mean, median, and standard deviation were reported for continuous
variables, with comparisons made using the Kruskal–Wallis and Mann– Whitney U tests.
The frequencies and relative frequencies were reported and compared for categorical
variables using the chi-square and Fisher’s exact tests. The temperature was treated as
continuous, categorized by quantiles (<q1, q1–q3, and >q3), and binary (dichotomized at the
optimal cut-point by the maximal log-rank criterion). The OS and DSS were summarized
using standard Kaplan–Meier methods. The median survival rates were reported, and log-
rank p-values were provided. Utilizing Cox univariate regression models, the relationship
between AAT (continuously assessed at diagnosis in 5-degree intervals) and OS/DSS was
evaluated. The outcomes of this analysis were expressed as hazard ratios (HR) along
with their respective 95% confidence intervals (CI). Cox multivariate regression modeling
was performed to measure the association between AAT and survival after adjusting for
age (continuous), sex, race, stage, histology, and grade. A p-value of less than 5% was
considered statistically significant.

The relationship between temperature at diagnosis and survival outcomes was as-
sessed for both EC and GC. In addition, a subgroup analysis was conducted according to
the histological subtype of malignancy. To validate the findings and compare the surviv-
ability between EC and GC, the esophageal cut point was used for secondary analyses of
stomach cancer. Survival summaries and results from multivariate analyses were reported.

3. Results

A. Patients with esophageal cancer

1. Characteristics of the included patients

A total of 17,408 patients with stage I–IV EC patients from the SEER database were
included in the analysis, with a mean age of 65 ± 11.6 years and male predominance
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(79.4%). Overall, 80% of the patients were non-Hispanic white, and 85.3% lived in urban
areas. The most common primary site of malignancy was the lower third of the esophagus
(58.7%), followed by the middle third (16.5%). Adenocarcinoma was noted in 61.6% of the
patients, while squamous carcinoma was noted in 37.6%. Overall, 41% of the patients had
grade I/II disease, and 42% had grade III/IV disease. According to the maximal log-rank
criterion, an AAT of 53.5 ◦F was defined as an optimal cut-off value. Patients living in
warmer temperatures (>53.5 ◦F) had significantly older age (p < 0.001) and were more likely
to be Hispanic (p < 0.001), insured (p = 0.037), and higher grade (p < 0.001). Table 1 shows
the demographic and clinical characteristics of the patients categorized by the AAT.

Table 1. Characteristics of esophageal cancer cohort according to temperature groups (n = 17,408 patients).

AAT ≤ 53.5 ◦F AAT > 53.5 ◦F p-Value

N 7637 (43.9) 9771 (56.1)

Age Mean/Std/N 64.27/11.52/7637 65.68/11.62/9771 <0.001

Sex
Male 6099 (79.9%) 7719 (79.0%)

0.163
Female 1538 (20.1%) 2052 (21.0%)

Race

Non-Hispanic White 6111 (80.0%) 7809 (79.9%)

<0.001Non-Hispanic Black 1286 (16.8%) 1420 (14.5%)

Hispanic 240 (3.1%) 542 (5.5%)

Marital Status
Married 4183 (54.8%) 5299 (54.2%)

0.477
Single 3454 (45.2%) 4472 (45.8%)

Insurance Status

Insured 3959 (51.8%) 5239 (53.6%)

0.037Uninsured 231 (3.0%) 259 (2.7%)

Unknown 3447 (45.1%) 4273 (43.7%)

Primary Site

C150 Cervical esophagus 144 (1.9%) 196 (2.0%)

<0.001

C151 Thoracic esophagus 264 (3.5%) 353 (3.6%)

C152 Abdominal esophagus 47 (0.6%) 82 (0.8%)

C153 Upper third of the esophagus 397 (5.2%) 463 (4.7%)

C154 Middle third of esophagus 1282 (16.8%) 1593 (16.3%)

C155 Lower third of esophagus 4573 (59.9%) 5642 (57.7%)

C158 Overlapping lesion of the esophagus 299 (3.9%) 405 (4.1%)

C159 Esophagus, NOS 631 (8.3%) 1037 (10.6%)

Histology

Adenocarcinoma 4768 (62.4%) 5957 (61.0%)

0.104Squamous 2811 (36.8%) 3726 (38.1%)

Adenosquamous 58 (0.8%) 88 (0.9%)

Stage

Localized 1931 (25.3%) 2325 (23.8%)

0.076Regional 2716 (35.6%) 3539 (36.2%)

Distant 2990 (39.2%) 3907 (40.0%)

Grade

I/II 3195 (41.8%) 3914 (40.1%)
<0.001III/IV 3046 (39.9%) 4223 (43.2%)

Unknown 1396 (18.3%) 1634 (16.7%)
◦F: Fahrenheit; Std: Standard deviation; NOS: Not otherwise specified.

2. Impact of AAT at diagnosis on survival outcomes

EC patients’ median OS and DSS were 10.0 (95% CI 10.0, 11.0) and 12 (95% CI not
defined) months, respectively. Patients living at an AAT > 53.5 ◦F had significantly longer
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OS (11 [95% CI not defined] versus 10.0 [95% CI 9.0, 10.0] months; p < 0.001) and DSS (13
[95% CI 12, 13] versus 11.0 (95% CI 10.0, 11.0) months; p < 0.001) than patients living at a
temperature ≤ 53.5 ◦F (Figure 1A,B). Likewise, when we categorized the AAT according to
quantiles, the same findings were observed, where patients living at an AAT > 62.69 ◦F had
longer OS and DSS (Figure 1C,D). The univariate Cox regression showed that, with each
5 ◦F incremental increase in the AAT, there was a 2% improvement in OS (HR 0.98 [95% CI
0.97–0.99], p < 0.001) and 2.6% improvement in DSS (HR 0.974 [95% CI 0.96–0.98], p < 0.001).
In the adjusted model, a 5 ◦F incremental increase in the AAT was an independent predictor
of OS [HR 0.96 (95% CI 0.95–0.97), p < 0.001] and DSS [HR 0.96 (95% CI 0.95–0.97), p < 0.001].
The Cox regression model adjusted for covariates showed that living at an AAT > 53.5 ◦F
was an independent predictor of OS (HR 0.89 [95% CI 0.86–0.92], p < 0.001) and DSS (HR
0.87 [95% CI 0.84–0.90], p < 0.001), Table 2.
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Figure 1. Patients with esophageal cancer: Kaplan–Meier Curve of (A) OS of patients living at ATT
≤ 53.5 and >53.5, (B) DSS of patients living at ATT ≤ 53.5 and >53.5, (C) OS of patients living at
different quartiles of ATT, (D) DSS of patients living at different quartiles of ATT.

In the squamous subgroup, there were 4.1% and 4.2% improvements in OS and DSS,
respectively (p for adjusted HRs < 0.001) with each 5 ◦F increment in AAT. The multivariate
regression showed that living at an AAT > 53.5 ◦F was an independent predictor of OS
(HR 0.88 [95% CI 0.83–0.92], p < 0.001) and DSS (HR 0.87 [95% CI 0.82–0.92], p < 0.001),
Table 2. The adenocarcinoma subgroup had similar results (p < 0.001), with living at an
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AAT > 53.5 ◦F was an independent predictor of O (HR 0.90 [95% CI 0.86–0.94], p < 0.001)
and DSS (HR 0.88 [95% CI 0.84–0.92], p < 0.001), Table 2.

Table 2. Multivariate analysis of AAT as a predictor of OS and DSS in the esophageal cancer cohort.

AAT at Diagnosis
OS DSS

HR (95% CI) p-Value HR (95% CI) p-Value

Overall
population

Every 5-degree increment 0.964
(0.954–0.973) <0.0001 0.959

(0.948–0.969) <0.0001

Temperature at Diagnosis

<Q1 [48.59] Ref. Ref.

Q1–Q3 0.909
(0.873–0.945) <0.0001 0.902

(0.865–0.942) <0.0001

>Q3 [62.69] 0.873
(0.834–0.914) <0.0001 0.854

(0.813–0.897) <0.0001

Temperature at Diagnosis
≤53.5 Ref. Ref.

>53.5 0.889
(0.860–0.918) <0.0001 0.873

(0.843–0.904) <0.0001

Adenocarcinoma
Subgroup

Every 5-degree increment 0.968
(0.955–0.980) <0.0001 0.960

(0.947–0.974) <0.0001

Temperature at Diagnosis

<Q1 [48.59] Ref. Ref.

Q1–Q3 0.924
(0.879–0.972) 0.0023 0.917

(0.869–0.968) 0.0018

>Q3 [62.69] 0.893
(0.842–0.947) 0.0002 0.867

(0.814–0.924) <0.0001

Temperature at Diagnosis
≤53.5 Ref. Ref.

>53.5 0.902
(0.864–0.941) <0.0001 0.879

(0.841–0.920) <0.0001

Squamous
Subgroup

Every 5-degree increment 0.959
(0.944–0.975) <0.0001 0.958

(0.941–0.975) <0.0001

Temperature at Diagnosis

<Q1 [48.59] Ref. Ref.

Q1–Q3 0.903
(0.845–0.964) 0.0023 0.897

(0.836–0.963) 0.0026

>Q3 [62.69] 0.852
(0.791–0.918) <0.0001 0.843

(0.778–0.913) <0.0001

Temperature at Diagnosis
≤53.5 Ref. Ref.

>53.5 0.877
(0.832–0.924) <0.0001 0.871

(0.824–0.922) <0.0001

Predictors: Temperature, Age (Continuous), Sex, Race, Stage, Histology, Grade, Primary Site, and Insurance Status.

B. Gastric cancer patients

1. Characteristics of the included patients

A total of 20,533 patients with GC patients from the SEER database were included in
the analysis. The mean age of the study population was 68 years. 67% were male, 58%
were non-Hispanic white, 56% were married, and 88% lived in urban areas. 66% were in
the stomach, and 34% were at the esophagogastric junction. Within the stomach, cardia
was the most common site (34%). Of all patients, 34% had grade I/II disease, and 53% had
grade III/IV disease. Patients with stage I–IV cancer were included, with the majority (43%)
with stage IV cancer. Patients living in warmer temperatures (>53.5 ◦F) had significantly
older age (p < 0.001) and were more likely to be non-Hispanic white (p < 0.001) and had a
higher grade (p < 0.001). Table 3.
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Table 3. Characteristics of gastric cancer cohort according to temperature groups (n = 20,533 patients).

≤53.5 >53.5 Overall p-Value

N 8025 (39.1) 12,508 (60.9) 20,533 (100%)

Age Mean/Std/N 66.87/13.29/8025 68.51/13.31/12,508 67.87/13.33/20,533 <0.001

Sex
Male 5399 (67.3%) 8272 (66.1%) 13,671 (66.6%)

0.090
Female 2626 (32.7%) 4236 (33.9%) 6862 (33.4%)

Race

Non-Hispanic White 4510 (56.2%) 7366 (58.9%) 11,876 (57.8%)

<0.001
Non-Hispanic Black 1612 (20.1%) 2221 (17.8%) 3833 (18.7%)

Hispanic 1041 (13.0%) 1186 (9.5%) 2227 (10.8%)

Other 862 (10.7%) 1735 (13.9%) 2597 (12.6%)

Marital Status
Married 4517 (56.3%) 6919 (55.3%) 11,436 (55.7%)

0.172
Single 3508 (43.7%) 5589 (44.7%) 9097 (44.3%)

Insurance Status

Insured 3966 (49.4%) 6144 (49.1%) 10,110 (49.2%)

0.844Uninsured 212 (2.6%) 344 (2.8%) 556 (2.7%)

Unknown 3847 (47.9%) 6020 (48.1%) 9867 (48.1%)

Primary Site

C160 Cardia, NOS 2795 (34.8%) 4212 (33.7%) 7007 (34.1%)

0.003

C161 Fundus of stomach 309 (3.9%) 446 (3.6%) 755 (3.7%)

C162 Body of stomach 605 (7.5%) 979 (7.8%) 1584 (7.7%)

C163 Gastric antrum 1504 (18.7%) 2487 (19.9%) 3991 (19.4%)

C164 Pylorus 252 (3.1%) 325 (2.6%) 577 (2.8%)

C165 Lesser curvature of
the stomach, NOS 585 (7.3%) 1066 (8.5%) 1651 (8.0%)

C166 Greater curvature of
the stomach, NOS 321 (4.0%) 460 (3.7%) 781 (3.8%)

C168 Overlapping lesion
of the stomach 516 (6.4%) 769 (6.1%) 1285 (6.3%)

C169 Stomach, NOS 1138 (14.2%) 1764 (14.1%) 2902 (14.1%)

Site
Stomach 5198 (64.8%) 8264 (66.1%) 13,462 (65.6%)

0.056
Esophagus GE Junction 2827 (35.2%) 4244 (33.9%) 7071 (34.4%)

Stage

Localized 2136 (26.6%) 3472 (27.8%) 5608 (27.3%)

0.003Regional 2537 (31.6%) 4112 (32.9%) 6649 (32.4%)

Distant 3352 (41.8%) 4924 (39.4%) 8276 (40.3%)

Grade

I/II 2682 (33.4%) 4327 (34.6%) 7009 (34.1%)

<0.001III/IV 4160 (51.8%) 6644 (53.1%) 10,804 (52.6%)

Unknown 1183 (14.7%) 1537 (12.3%) 2720 (13.2%)

2. Impact of AAT at Diagnosis on survival outcomes

The median OS and DSS of GC patients were 11.0 (95% CI 11.0, 12.0) and 13.0
(95% CI 13.0, 14.0) months, respectively. Patients living at an AAT > 53.5 ◦F had sig-
nificantly longer OS (13.0 [95% CI 12.0, 13.0] versus 10.0 [95% CI not defined] months;
p < 0.001) and DSS (15.0 [95% CI 14.0, 16.0] versus 11.0 (95% CI 11.0, 12.0) months; p < 0.001)
than patients living at a temperature ≤ 53.5 ◦F (Figure 2A,B). Likewise, when we catego-
rized the AAT according to quantiles, the same findings were observed, where patients
living at an AAT > 62.57 ◦F had longer OS and DSS (Figure 2C,D).
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Figure 2. Patients with gastric cancer: Kaplan–Meier Curve of (A) OS of patients living at ATT ≤ 53.5
and >53.5, (B) DSS of patients living at ATT ≤ 53.5 and >53.5, (C) OS of patients living at different
quartiles of ATT, (D) DSS of patients living at different quartiles of ATT.

The multivariate Cox regression showed that a 5 ◦F incremental increase in the AAT
was an independent predictor of OS (HR 0.96 [95% CI 0.95–0.97], p < 0.001) and DSS (HR
0.96 [95% CI 0.95–0.97], p < 0.001). There were a 12.5% improvement in OS (HR 0.88
[95% CI 0.85–0.90], p < 0.001) and a 14.2% improvement in DSS (HR 0.86 [95% CI 0.83–0.89],
p < 0.001) in patients living at an AAT > 53.5 ◦F, Table 4.

Table 4. Multivariate analysis of AAT as a predictor of OS and DSS in the gastric cancer cohort.

Temperature at Diagnosis
OS DSS

Hazard Ratio (95%
CI) p-Value Hazard Ratio (95%

CI) p-Value

Every 5-degree increment 0.961 (0.952–0.971) <0.0001 0.955 (0.945–0.965) <0.0001

AAT at Diagnosis (Categorical)

<Q1 [49.5667] Ref. Ref.

Q1–Q3 0.904 (0.871–0.938) <0.0001 0.886 (0.851–0.923) <0.0001

>Q3 [62.5750] 0.869 (0.833–0.907) <0.0001 0.855 (0.816–0.895) <0.0001

The temperature at Diagnosis
(Categorical—Binary)

≤53.5 Ref. Ref.

>53.5 0.875 (0.848–0.903) <0.0001 0.858 (0.829–0.887) <0.0001

Predictors: Temperature, Age (Continuous), Sex, Race, Stage, Histology, Grade, Primary Site, and Insurance Status.

4. Discussion

Recent reports have revealed higher cancer incidence and less favorable oncological
outcomes in countries with colder climates [26,27]. Interestingly, animal studies at our insti-
tution have demonstrated a pro-tumorigenic and metastatic response to sub-thermoneutral
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temperature in cancer models [23]. In the present population-based study, we demonstrated
that higher AAT is associated with more favorable survival outcomes and significantly
prolongs the OS and DSS of GEC patients. The results indicated that EC and GC patients
had 3.4% and 4% improvements in OS with every 5 ◦F incremental increase in AAT, re-
spectively. Likewise, EC and GC patients had 4% improvements in DSS with every 5 ◦F
incremental increase in AAT.

The present study’s findings agree with a growing body of evidence suggesting a
positive correlation between environmental temperature and survival outcomes of cancer
patients. In a recent analysis of 6479 breast cancer patients, Gandhi et al. observed a trend
towards worse DSS and OS with a high thermogenesis score, which indicates chronic
cold stress [31]. The prognostic value of environmental temperature was also evident in
Sharma et al., in which countries with the coldest temperatures had the highest cancer-
related mortality rates [28]. Our recent population-based study found that, for every 5 ◦F
incremental increase, there was a 2% improvement in OS in patients with breast cancer [29].
Interestingly, Wang et al. studied the association between latitude and GC clinical outcomes
using the Chinese Cancer Genome Atlas database. After adjusting for confounding factors,
samples at low latitudes, usually associated with higher temperatures, had a significantly
better clinical response and OS than samples at high latitudes [32].

Despite the growing interest in the impact of cold stress or environmental temper-
atures on the survival of cancer patients, limited data is available to explain the mech-
anistic pathways that form the basis of the association between cold stress and worse
survival. The current literature suggests a significant influence of cold stress on tumor
genetics and microenvironment. Past studies have indicated that cold stress induces tu-
morigenesis by increasing the frequency of somatic mutations [33]. In Wang et al., tumor
mutation burden was lower and DNA repair activities were higher in GC samples of
patients living at lower latitudes than in patients living at higher latitudes [32]. Cold
stress may also alter the tumor microenvironment and host immune response, favoring
tumor spread and metastasis. It was found that GC samples from high-latitude regions
had a high burden of immune cell infiltration [32]. The cold stress-induced impaired
antitumor immune responses were also evident in MacDonald et al., in which sub ther-
moneutral temperature suppressed functional CD8+ T and led to the overexpression of
suppressors of antitumor immune responses [19]. In cases with high thermogenesis scores,
a typical pro-tumorigenesis/metastatic microenvironment was noted, including upreg-
ulated glucocorticoid receptor (GR) signaling pathway, anti-apoptotic activities, lower
interferon-gamma (IFN-γ), cytolytic activity, and chemokines-mediated cytotoxic T lym-
phocytes (CTLs) responses [31,34]. Cold stress was also found to activate programmed
death receptor-1 (PD-1), which suppresses cytotoxic T cells and helps tumor cells to evade
the immune response [35]. According to Wang et al., patients living at high latitudes had
higher expression of the PD-L1 gene, further supporting the potential role of cold stress in
impairing antitumor immune responses [32].

Other possible explanations for the negative correlation between temperature and
survival in cancer patients include the induction of higher angiogenesis and tumor inva-
siveness mediated by the adrenergic signaling pathway [31,36,37].

As mentioned above, our results align with previous epidemiological studies showing
a significant association between environmental temperatures and the survival of cancer
patients. When coupled with experimental evidence demonstrating pro-angiogenic and
pro-metastatic responses to sub-thermoneutral housing temperature in cancer models [21],
the results of the present study suggest the need to adjust for housing temperature during
the evaluation of novel therapies. Kokolus et al. showed that lower housing tempera-
tures (20–26 ◦C; 68–79 ◦F) significantly trigger the immunosuppressive microenvironment
through overexpression of immunosuppressive cells and suppression of antitumor im-
mune response [23]. On the other hand, tumor bearing mice housed at thermoneutral
temperature (30–31 ◦C; 86–88 ◦F) had higher antigen specific CD8+ T-cells, as well as a
reduction in tumor growth rate and metastasis. Housing temperatures may explain the
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variation in response to immunotherapy in cancer models. Environmental temperature can
also be considered a potential confounder in clinical immunotherapy trials. This becomes
more relevant in GEC patients due to the ongoing efforts to introduce effective novel
immunotherapies for advanced cases.

The results of the present study give rise to the question of whether patients with
GEC who live in colder climates could benefit from adjuvant therapies targeting neuronal
thermoreceptive pathways. For example, cold stress-induced neuroendocrine activation
was found to induce breast cancer spread and metastasis via the β-adrenergic signaling
pathway, an effect that was reversed after administrating a non-selective β-blocker [38].
These findings led to early clinical trials investigating add-on non-selective β-blockers
in metastatic melanoma and breast cancer, which showed promising antitumor activity
and reduced levels of metastatic biomarkers [39,40]. Our team at Roswell Park is using
propranolol, a non-selective beta blocker, in two different clinical trials in esophageal
cancer to potentially improve antitumor immunity and clinical outcomes (NCT05651594,
PI: Mukherjee and NCT04682158, PI: Singh).

Our study is one of the rare population-based reports that evaluated the association
between environmental temperatures and the survival of cancer patients. The study re-
trieved the data of a large cohort of GEC patients from the SEER database, which covers
35% of the US population. In addition, the AAT was based on county-specific data to
account for potential variations in the environmental temperatures within the same region.
However, we acknowledge the existence of methodological limitations. Firstly, our study
is based on a retrospective collection of real-world data from routine clinical practice,
which can introduce misclassification and ascertainment biases. The standardization of
outcome reporting and definitions was not feasible. The available data limited expanding
our adjusted multivariate analysis and accounting for additional confounding factors, such
as patients’ response to environmental temperature, tumor markers, chemotherapeutic
regimens, or other treatment-specific factors that can impact the survival of GEC patients.
Similarly, some other factors such as diet, incidence of Helicobacter pylori infection could not
be accounted for in the analysis due to unavailability of such data in the SEER database.
Healthcare delivery is also impacted by logistic limitations in colder weather. For ex-
ample, travelling to high-volume and comprehensive cancer centers may be limited in
cold weather which may impact the overall outcomes. Compared to individuals living in
temperate regions, individuals who live in low-average temperature areas have differences
in temperature-dependent host factors, such as their home environment, basic lifestyle,
clothing, food, and beverage choices. The composition of their gut microbiome may also
be altered [41,42]. Consequently, it may affect their ability to limit tumor development
and growth. Due to the unavailability of data regarding the treatment received and its
appropriateness, or the environmental temperature-dependent host factors in the SEER
database, we could not incorporate these factors into our analysis. We acknowledge the
role of such factors in altering survival outcomes. In addition, it was not possible to account
for the residency change, in which patients might have been exposed to variable AAT.

In conclusion, the present study suggests a positive impact of higher environmental
temperatures on the survival outcomes of patients with GEC. Patients with GEC living in
warmer temperatures had a significantly longer OS and DSS, regardless of the pathologic
subtype. Despite the methodological limitations implicated in a SEER database analysis,
our findings, combined with the previously published animal experiments from our group,
highlight the need to consider housing temperatures during the assessment of cancer
models and environmental temperature as a potential confounder during the evaluation of
the outcomes of GEC patients. In addition, novel therapies targeting neural thermoreceptive
pathways may have a role in GEC patients. Future mechanistic studies are warranted to
better understand the association between environmental temperature and cancer survival
and study the impact of this association on treatment options.
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Simple Summary: Cancer is a significant contributor to morbidity and mortality worldwide. The
purpose of this study was to analyze the cancer burden and trends of 29 groups of malignant
neoplasms in Mexico by sex and age from 1990 to 2019. In 2019, there were 222.1 thousand incident
cases and 105.6 thousand deaths due to cancer in the general population. The number of new cases
and deaths from the 29 cancer groups increased between 10% and 436% from 1990 to 2019, with
different patterns by sex and age. Breast, cervical, and colorectal cancers were the leading causes of
death among women, while prostate, lung, and colorectal cancers were the leading causes of death
among men. In Mexico, malignant neoplasms were the third leading cause of death in 2019, causing
significant health loss. The existence of gender disparities emphasizes the need for cancer-specific
targeted prevention, diagnosis, and treatment.

Abstract: The global burden of cancer is on the rise, with varying national patterns. To gain a better
understanding and control of cancer, it is essential to provide national estimates. Therefore, we
present a comparative description of cancer incidence and mortality rates in Mexico from 1990 to
2019, by age and sex for 29 different cancer groups. Based on public data from the Global Burden of
Disease Study 2019, we evaluated the national burden of cancer by analyzing counts and crude and
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age-standardized rates per 100,000 people with 95% uncertainty intervals for 2019 and trends using
the annual percentage change from 1990 to 2019. In 2019, cancer resulted in 222,060 incident cases
and 105,591 deaths. In 2019, the highest incidence of cancer was observed in non-melanoma skin
cancer, prostate cancer, and breast cancer. Additionally, 53% of deaths were attributed to six cancer
groups (lung, colorectal, stomach, prostate, breast, and pancreatic). From 1990 to 2019, there was an
increasing trend in incidence and mortality rates, which varied by 10–436% among cancer groups.
Furthermore, there were cancer-specific sex differences in crude and age-standardized rates. The
results show an increase in the national cancer burden with sex-specific patterns of change. These
findings can guide national efforts to reduce health loss due to cancer.

Keywords: burden of disease; cancer epidemiology; cancer mortality; malignant neoplasm; public
health

1. Introduction

Cancer is a significant cause of morbidity and mortality worldwide [1]. In 2019, it was
the second leading cause of death, with an estimated 23.6 million new cases (17.2 million
when excluding non-melanoma skin cancer) and 10.0 million deaths [2]. The incidence and
mortality rates of cancer have been increasing, with an expected rise to 28.4 million cases
by 2040, a 47% increase from 2020 [3]. If exposure to behavioral and environmental risk
factors contributing to the cancer burden continues to increase, the global burden of cancer
may worsen [4].

The United Nations and the World Health Organization have recognized the need
to reduce the burden of cancer and develop strategies for national-level cancer control
planning and implementation through the Sustainable Development Goals. However, there
are regional and national differences in cancer morbidity and mortality associated with
varying levels of exposure to population risk factors due to socioeconomic changes [5].
Therefore, understanding the local cancer epidemiology is crucial for informing cancer con-
trol efforts, including prioritizing resource allocation, implementing public health policies,
and improving health system planning [6]. Previous studies in Mexico have described the
specific burden of certain cancer groups at both national and state levels [7–12]. Further-
more, various studies have evaluated the national burden of cancer, encompassing multiple
groups of malignant neoplasms from 1970 to 2015 [13–16]. However, due to the changing
pattern and increasing trend of cancer burden, it is crucial to provide timely, reliable, and
accurate estimates of the national burden of cancer.

The objective of this study is to compare the incidence and mortality rates of 29 types
of cancer in Mexico in 2019 by sex and age, with trends from 1990 to 2019. The data
used in this study were from the Global Burden of Disease Study 2019 (GBD 2019), which
is a comprehensive global effort to systematically assess the major causes of health loss
at the global, regional, and national levels [17]. The presented results provide updated
information for a better understanding of the current context of evolution and trends of the
national burden of cancer in Mexico. This information can be used to implement concrete
public health actions to promote cancer control, diagnosis, and treatment programs.

2. Methods
2.1. GBD Study Overview

This observational study is a secondary analysis of results published in the Global
Burden of Disease Study 2019 (GBD 2019). The GBD 2019 is produced by the Institute of
Health Metrics and Evaluation (IHME), which includes a vast network of global collabo-
rators, institutions, and partnerships involved in health policy and practice. This annual
iteration was published in a series of four Capstone Papers [17–20], which describe in detail
the trends in fertility, demography, and health loss due to 369 diseases and injuries and
their corresponding 87 risk factors from 1990 to 2019. The estimates produced by the GBD
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2019 represent the most comprehensive assessment of global health, providing timely and
reliable results for 204 countries and territories by sex and age group. This study was
produced and supervised by members of the GBD Collaborative Network from Mexico
and adheres to GBD protocol.

2.2. Estimation of the Burden of Cancer in Mexico and Reporting Standards

The GBD 2019 report incorporates both fatal and non-fatal outcomes and provides a
comprehensive hierarchical list of causes with four levels. Among the 22 groups at Level 2,
‘neoplasms’ (both benign and malignant) are included. At Level 3, there are 29 malignant
neoplasms (cancers) and one group of benign neoplasms. The source for this information
is https://vizhub.healthdata.org/gbd-compare/, accessed on 31 October 2023.

A detailed description of the approach, modeling framework, and steps taken by
the GBD to generate the specific burden for neoplasms (total, benign, and malignant) is
provided elsewhere [17]. Previous GBD studies have reported the methodology used
to estimate the global, national, and regional burden of the 29 cancer groups, including
case definition, data input sources, data processing, and statistical analysis [2,6]. The
specific analytical flowchart used to produce cancer estimates is available online at https:
//ghdx.healthdata.org/gbd-2019/code/cod-2 (accessed on 2 November 2023).

This secondary analysis utilized publicly available data from the Global Health Data
Exchange (GHDx), an online repository of the Institute for Health Metrics and Evaluation
(IHME) (https://ghdx.healthdata.org, accessed on 11 August 2023). The GHDx provides
GBD results for use in scientific publications, health policy, dissemination, and reporting.
The results for Mexico were downloaded as CSV files from the GHDx online query tool
(https://vizhub.healthdata.org/gbd-results/, accessed on 11 August 2023). To depict the
cancer burden in Mexico between 1990 and 2019, we utilized crude counts of incidence
and deaths caused by 29 groups of malignant neoplasms. Furthermore, we obtained crude
and age-standardized rates per 100,000 individuals at the national level for each year, sex,
and 5-year age groups. To compare the trends in these measures, we also downloaded the
annual percentage change from 1990 to 2019.

Tables and figures were utilized to provide a comparative description of the burden
of 29 cancer groups in Mexico for 2019, along with trends from 1990 to 2019. The data
are presented as point estimates with 95% uncertainty intervals (95% UI), which were
generated by the GBD 2019.

3. Results
3.1. National Burden of Disease Due to 29 Malignant Neoplasms during 2019

In Mexico, the 29 groups of malignant neoplasms mapped by the GBD caused an
estimated 222,060 new cases in 2019. According to their national incidence (thousand new
cases, 95% CI), non-melanoma skin cancer (41.3, 34.3 to 48.7), prostate cancer (27.1, 20.6 to
36.0), breast cancer (24.4, 19.9 to 29.9), colorectal cancer (17.5, 15.0 to 20.1), cervical cancer
(12.2, 9.6 to 16.5), and stomach cancer (11.3, 9.8 to 13.0) were the top six ranked cancer
groups in 2019 and contributed 60.2% of the total cases due to malignant neoplasm. In
contrast, with incidence estimates ranging from 213 to 439 new cases, mesothelioma, other
pharynx cancer, and nasopharyngeal cancer had the lowest incidence in Mexico during
2019 (Figure 1a and Table 1). The age-standardized incidence rate of these 29 malignant
neoplasms varied substantially between 0.18 and 35.66 cases per 100,000 people. According
to Supplementary Table S1, non-melanoma skin cancer and nasopharyngeal cancer had the
highest and lowest rates, respectively.

In 2019, there were an estimated 105,591 deaths attributed to 29 types of cancer in
Mexico. Of these malignant neoplasms, 52.9% were caused by six types of cancer: lung
(11,002 deaths, 10.4% of the total), colorectal (10,518, 9.9%), stomach (10,095, 9.6%), prostate
(9257, 8.8%), breast (8097, 7.7%), and pancreatic (6853, 6.5%). In 2019, the fewest cancer
deaths were attributed to mesothelioma, other pharynx cancer, and nasopharyngeal cancer
(range: 174–353 deaths; see Table 1 and Figure 1c). The highest age-standardized death
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rates per 100,000 people were observed for lung, colorectal, stomach, and prostate cancer
(range: 8.78 to 9.74; see Supplementary Table S1).
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3.2. National Trends in Crude Incidence and Mortality Due to 29 Malignant Neoplasms from 1990
to 2019

Figure 1a shows that seven cancer groups maintained their incidence ranking at
the national level between 1990 and 2019, including non-melanoma skin cancer, breast
cancer, stomach cancer, and pancreatic cancer in the top 10. Furthermore, among the
13 cancer groups that increased their ranking, prostate, colorectal, uterine, and thyroid
cancer showed the most significant advancement. In contrast, the greatest declines were
observed in cases of laryngeal cancer and Hodgkin lymphoma, gallbladder cancer, and
brain cancer. Despite the different patterns of change observed, all 29 groups of cancer
showed a positive percentage of annual change from 1990 to 2019, albeit variable (Figure 1b).
The incidence increases ranged from 27% (−1 to 97) for cervical cancer to 436% (264 to
541) for melanoma (Supplementary Table S2). Several cancer types experienced significant
increases, including colorectal, prostate, uterine, thyroid, breast, testicular, and liver cancer,
with increases ranging from 310% to 421%.

The national ranking of cancer-related deaths revealed that six cancer types (lung,
esophageal, lip, oral cavity, uterine, testicular, and nasopharynx) maintained their positions
from 1990 to 2019, while 13 cancer types moved up in rank (Figure 1c). Colorectal cancer
experienced the highest increase, moving from the seventh to the second position. However,
10 cancer groups experienced a decrease in rank, with Hodgkin lymphoma, cervical cancer,
leukemia, and brain cancer showing the largest decreases. It is worth noting that all
29 cancer groups had a positive percentage annual change in mortality from 1990 to 2019
(refer to Figure 1d). Liver cancer, colorectal cancer, melanoma, myeloma, kidney cancer,
and ovarian cancer had the six highest increases in the numbers of deaths they caused,
with values ranging from 232% to 314% (Supplementary Table S2).

3.3. National Cancer-Specific Trends from 1990 to 2019 in Age-Standardized Incidence and
Mortality Rates

From 1990 to 2019, the age-standardized incidence and mortality rates (per
100,000 people) of 29 cancer groups in Mexico showed a contrasting pattern of change.
Supplementary Table S3 shows that 17 out of 29 malignant neoplasms had an increasing
trend in age-standardized incidence rate during this period. Testicular cancer (190.7%),
melanoma (116.8%), and colorectal cancer (89.2%) showed the largest increases, as shown
in Supplementary Figure S1. In contrast, the age-standardized incidence rates per 100,000
for cervical cancer decreased by 47.9%, gallbladder cancer by 42.7%, laryngeal cancer by
37.6%, and lung cancer by 32.8%.

Over the period, 16 out of 29 cancer groups had a decrease in their age-standardized
death rates, but with wide variability in their time series (Figure 2). According to
Supplementary Table S3, there were significant decreases in the incidence of cervical cancer,
laryngeal cancer, gallbladder cancer, Hodgkin lymphoma, stomach cancer, and lung cancer
(ranging from −35.5% to −58.3%). However, liver cancer (52.1%), melanoma (44.3%), and
colorectal cancer (41.7%) showed substantial increases. To aid in interpreting the intricate
patterns of results, Supplementary Figure S2 summarizes the percentage of change in
age-standardized rates, ordered from the cancer with the largest increase to the cancer with
the largest decrease. The figure illustrates that the percentage change varied by measure
and cancer group.
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years of age, with a peak of 14,853 new cases in the 60–64 age group. In contrast, the num-
ber of incident cases among men increased gradually and occurred at older ages, starting 
at 45–49 years and peaking at 70–74 years with 12,291 new cases (Figure 3a). A similar 
pattern was found for mortality, with the highest number of deaths occurring in the 70–
74 age group for women (5999 deaths) and in the 75–79 age group for men (7146 deaths) 
due to cancer (Figure 3b). 

Figure 2. Cancer-specific trends from 1990 to 2019 of the age-standardized death rates (per 100,000)
in Mexico.

3.4. National Burden of 29 Cancer Groups by Sex and Age Group in 2109

In 2019, the burden of disease due to cancer in Mexico exhibited a distinct age-specific
distribution by sex. The crude incidence was lower in the early age groups (1–24 years) for
both sexes. However, in women, there was a rapid increase in cancer incidence starting at
35–39 years of age. The highest number of cases was concentrated between 40 and 84 years
of age, with a peak of 14,853 new cases in the 60–64 age group. In contrast, the number
of incident cases among men increased gradually and occurred at older ages, starting at
45–49 years and peaking at 70–74 years with 12,291 new cases (Figure 3a). A similar pattern
was found for mortality, with the highest number of deaths occurring in the 70–74 age
group for women (5999 deaths) and in the 75–79 age group for men (7146 deaths) due to
cancer (Figure 3b).
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death per 100,000 people by sex (d).

To analyze sex differences among the 29 cancer groups, we compared the crude counts
and age-standardized rates per 100,000 people (Table 1 and Supplementary Table S1). Breast
cancer (24,312 cases), non-melanoma (21,263 cases), and cervical cancer (12,195 cases) were
the most common types of cancer in women, while prostate cancer, melanoma, and colorec-
tal cancer (with a range of 9426 to 27,097 cases, Supplementary Figure S3a) were the most
common in men. Prostate cancer was the leading cause of incident cases in men, with an
age-standardized rate of 52.3 (40.0 to 70.1) per 100,000 people. In women, breast cancer was
the leading cause with an estimated rate of 36.81 (30.02 to 45.01) cases per 100,000 people,
while men had a negligible rate of 0.23 (0.19 to 0.29 cases) (Supplementary Figure S3b).

Breast cancer caused an estimated 8024 deaths among women in Mexico in 2019,
followed by cervical cancer and colorectal cancer in second and third place with 6104 and
4917 deaths, respectively. Among men, prostate cancer was the leading cause of death
from malignant neoplasms with 9256 deaths, followed by lung and colorectal cancers
with 7176 and 5601 deaths, respectively (refer to Figure 3c). The age-standardized death
rate varied significantly by cancer group in both sexes. Prostate cancer had the highest
death rate among men, with 19.4 (14.8 to 26.7) deaths per 100,000 people. Among women,
breast cancer had the highest death rate, with 12.5 (10.3 to 15.2) deaths per 100,000 people.
The death rates for other neoplasms varied from 0.07 to 9.53 and 0.1 to 13.8 deaths per
100,000 people in women and men, respectively (Figure 3d).

Finally, based on the incidence (Supplementary Figure S4) and mortality (Figure 4)
rates per 100,000 people, there was a contrasting pattern of age-specific burden between
sexes that varied by cancer type in Mexico in 2019. Overall, except for brain cancer,
leukemia, Hodgkin lymphoma, and testicular cancer, most malignant neoplasms tended
to have the highest burden in older ages. Several cancer groups, including bladder, brain,
esophageal, Hodgkin lymphoma, kidney, larynx, lip and oral cavity, mesothelioma, na-
sopharynx, other pharynx, and lung cancer, had higher rates in men than in women.

97



Cancers 2024, 16, 149
Cancers 2024, 16, x FOR PEER REVIEW 9 of 15 
 

 

 
Figure 4. Age-specific rate of death (per 100,000 people) by sex for each group of cancers in Mexico 
during 2019. 

4. Discussion 
Although neoplasms (benign and malignant) moved from the second to the third 

leading cause of death in Mexico between 1990 and 2019, mortality rates caused by this 
group of diseases increased by 126.05% during this period. This increase was driven by 
the 29 groups of malignant neoplasms reported in this study (source: 
https://vizhub.healthdata.org/gbd-compare/, accessed on 10 August 2023). Our study 
found that lung cancer remained the leading cause of mortality from 1990 to 2019. Colo-
rectal cancer moved up from seventh to second place, followed by stomach cancer, which 
dropped from second to third. Prostate cancer, breast cancer, and pancreatic cancer com-
pleted the list of the six most common causes of cancer death in Mexico in 2019. This pat-
tern differs partially from a previous study that identified lung cancer, stomach cancer, 

Figure 4. Age-specific rate of death (per 100,000 people) by sex for each group of cancers in Mexico
during 2019.

4. Discussion

Although neoplasms (benign and malignant) moved from the second to the third
leading cause of death in Mexico between 1990 and 2019, mortality rates caused by this
group of diseases increased by 126.05% during this period. This increase was driven by
the 29 groups of malignant neoplasms reported in this study (source: https://vizhub.
healthdata.org/gbd-compare/, accessed on 10 August 2023). Our study found that lung
cancer remained the leading cause of mortality from 1990 to 2019. Colorectal cancer moved
up from seventh to second place, followed by stomach cancer, which dropped from second
to third. Prostate cancer, breast cancer, and pancreatic cancer completed the list of the six
most common causes of cancer death in Mexico in 2019. This pattern differs partially from
a previous study that identified lung cancer, stomach cancer, liver cancer, prostate cancer,
breast cancer, and cervical cancer as the top six causes of cancer-related deaths between
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2000 and 2013 [15]. These findings may indicate a shift in the mortality pattern of cancer
over the past two decades.

Other studies based on national databases from Mexico [7] have confirmed the rise
in colorectal cancer mortality, which has also been documented globally [21]. The rise in
colorectal cancer mortality is linked to a trend of higher incidence, even in early onset
cases (<50 years of age) [22]. However, the absence of national screening strategies in
Mexico may worsen this trend due to the detection of a large number of new cases at
advanced stages, leading to higher mortality rates. Our results indicate that in 2019, the
top six ranked cancer groups in Mexico were non-melanoma skin cancer, prostate cancer,
breast cancer, colorectal cancer, cervical cancer, and stomach cancer among the 29 groups of
malignant neoplasms in terms of incidence. The rise in cancer morbidity and mortality may
be linked to various behavioral and environmental risk factors, including smoking, alcohol
consumption, diet, radiation exposure, certain infections, and hormonal imbalances [23].
In Mexico, the prevalence of risk factors such as alcohol and tobacco consumption is
high [15]. Therefore, further studies are necessary to determine the association between
cancer mortality and risk factors.

Cancer affecting non-reproductive tissues has a higher incidence and mortality rate in
males, resulting in roughly double the mortality rate compared to females [24]. Previous
studies have shown that female cancer patients tend to have better survival rates than
males [25]. However, in the Mexican population, overall mortality was slightly higher
in females. The incidence of cancer in males is understudied despite the well-known
disparity. This may be due to researchers assuming that known causes explain the disparity.
According to GBD 2017 estimates, non-melanoma skin cancer was the most prevalent form
of cancer among women globally, followed by breast cancer. In males, non-melanoma skin
cancer had the most significant impact, followed by tracheal, bronchus, lung, and prostate
cancer [6]. Our results showed that in comparison to this global trend, breast cancer has be-
come the most prevalent cancer among females in Mexico, surpassing non-melanoma skin
cancer. Cervical cancer, colorectal cancer, and ovarian cancer followed in frequency. Among
males, prostate cancer has overtaken non-melanoma skin cancer, followed by colorectal,
tracheal, bronchus, and lung cancer. The reasons for this differential pattern in Mexico
remain unclear. However, the reasons for the differences in cancer rates and outcomes
between sexes are not fully understood. Biological sex significantly influences organismal
development and physiology, affecting processes such as cell signaling, metabolism, and
immune responses [26,27]. The higher incidence of gallstones among women is likely the
reason for the excess risk of gallbladder and biliary tract cancer in females [28]. Similarly,
factors such as smoking and occupational exposures can be attributed to the higher portion
of the male excess in urinary bladder cancer [29]. Additionally, the incidence of thyroid
cases is more than double in women than that in men, a disparity that has been documented
in other countries. Although the biological causes of this difference are not yet conclusive, it
is speculated that non-biological factors may play a role. For instance, there is a possibility
that women have more opportunities for incidental detection in clinical settings [30].

As anticipated, both sexes exhibited a higher incidence and mortality at older ages.
Aging has been shown to accelerate cancer mortality, which may be influenced by various
factors such as comorbidities, less intense detection, and lower likelihood of undergoing
aggressive treatment [31]. In recent decades, Latin America has experienced a significant
increase in life expectancy, resulting in a growing population of older adults. The rise in
incidence and mortality rates in Mexico since 1990 can be partially attributed to this aging
population. As a result, more individuals are expected to be diagnosed with cancer and
experience cancer-related fatalities. A previous study demonstrated that advanced age
may influence oncologists to avoid intensive cancer therapy, even in cases where patients
are highly functional and have no comorbidities [32]. As a result, this group may have a
worse prognosis and be undertreated, contributing to the mortality rate. Although our
study did not categorize age groups, our results are consistent with global trends. The
age-specific distribution showed that cancer incidence among children and teenagers was
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notably lower compared to older populations [33]. Furthermore, certain types of cancer
disproportionately affect specific age groups. Leukemia is the primary contributor to cancer
incidence among young individuals in the child and teenage age range [34]. A previous
study in Mexico found that leukemia and other malignant neoplasms accounted for almost
70% of the cancer burden in younger age groups [14]. The present study shows a significant
change in the prevalence of leukemia over time, with a decline in its ranking from fifth in
1990 to ninth in 2019. The changing landscape of cancer epidemiology suggests possible
alterations in risk factors, diagnostic capabilities, or treatment modalities over time [35].

Lung cancer is the primary cause of death among respiratory system cancers, but its
incidence in Mexico has decreased since 1990. Tobacco smoke is a significant contributing
factor in the development of lung cancer, and it is widely recognized. Approximately 90%
of lung cancer cases in men and 78% in women are estimated to be caused by tobacco
smoke [36]. Tobacco consumption in Mexico has declined over the past few decades,
especially among males [8]. Mexican healthcare systems aim to effectively address this
issue by implementing advertising campaigns and initiatives to raise public awareness,
particularly regarding lung cancer.

Colorectal cancer has a higher incidence among gastrointestinal tract cancers, and
this incidence has increased nationally in recent years. This trend is consistent with the
global trend, as the global incidence of colorectal cancer has more than doubled from 1990
to 2019 [21]. Other low- and middle-income countries, like Mexico, are also experiencing
an increase in incident cases of colorectal cancer. In developed countries, there has been a
trend of either decrease or stabilization [37]. It is possible that these trends are influenced
by an increase in the prevalence of risk factors associated with diet and lifestyle [4]. Obesity
and physical inactivity are two factors strongly associated with colorectal cancer [38] and
are increasing nationally. Currently, 17% of the population is physically inactive and over
70% are overweight or obese [39]. These factors are modifiable, indicating potential for
prevention. Given that this this cancer has one of the highest incidence and mortality
rates, it should be a priority in the country’s public policies design. This should focus on
improving access to screening tests and early detection, which would help to reduce the
number of cases and deaths.

Prostate cancer is one of the most significant tumors of the genitourinary system
and has the second-highest incidence rate. The incidence of this ailment is increasing.
However, Mexico has a relatively low incidence rate compared to other Latin American
and Caribbean countries, ranking higher only than Argentina, Honduras, Ecuador, and
Bolivia [40]. Testicular cancer is another type of cancer that affects the genitourinary system
and is relevant in Mexico. The national incidence of this cancer differs from that observed
in the rest of the world. However, there is a lack of studies on the epidemiology and risk
factors of this cancer type in Mexico. Therefore, more research is necessary to implement
public policies that could reduce the burden of this disease. Although the global incidence
rate has increased, the mortality rate has improved. Unfortunately, Mexico has one of the
highest mortality rates [41].

Breast and cervical cancer are the most frequently diagnosed gynecological cancers.
Breast cancer has consistently ranked as the third most prevalent malignant neoplasm
over the past three decades. In 2019, it represented 7.67% of total deaths, ranking fifth,
with a slight increase over the period. The increase in obesity prevalence in Mexico can
be attributed to various factors, including changes in diet, physical activity, reproductive
choices, and detection at a more advanced stage [42,43]. Studies have found that obesity
is a significant risk factor for developing this neoplasia regardless of socioeconomic level,
region, or locality [44]. Breast cancer disproportionately affects lower-income populations,
but it can impact women of all ages and income levels [12]. In 2002, the Ministry of
Health extended and expanded official health regulations and legislation concerning the
management of breast cancer through an official technical directive. Mexico has seen a
significant decrease in cervical cancer incidence in recent years due to successful campaigns
aimed at combating human papillomavirus (HPV). This is because most cervical cancer
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cases are caused by chronic infection by oncogenic subtypes of HPV. In 2012, Mexico
launched a vaccination program for girls aged 11 years to reduce the overall burden of
cervical cancer and other diseases caused by HPV [45]. Around 80% of 11-year-old girls
in Mexico were covered by vaccination programs. However, vaccination coverage has
drastically decreased in recent years, from 11.22% in 2020 to 0.45% in 2021. This decline is
mainly due to health efforts being focused on managing the COVID-19 pandemic [11].

Reducing cancer in Mexico is crucial due to disparities in the public healthcare system.
The system is primarily composed of employment-based social security systems, and
medical services for oncological diagnosis and prognosis are inadequate due to limited
infrastructure. Mexico has only 212 radiotherapy units, 358 nuclear medicine units, and
2582 imaging units for the entire population [46]. Therefore, the Mexican government
should allocate more resources to improve medical coverage. To achieve more accurate
rates, new diagnostic tools and improved registration systems are necessary. National
and local governments require additional resources for healthcare and epidemiological
surveillance of cancer. Additionally, medical public campaigns for primary healthcare are
lacking to increase awareness of the risk factors associated with cancer groups that affect the
Mexican population and to prevent an increase in preventable cancer cases. The accurate
diagnosis and registration of all cancer cases, including oncological characteristics such as
cancer type, staging, and follow-up, are necessary for reliable data. It is important to note
that people from rural communities are often excluded from these statistical surveys due
to the lack of universal healthcare. The Mexican Congress has established a national cancer
registry. However, since its establishment in 2017, it has only included the registration of
childhood cancer cases. Therefore, it needs to be expanded to cover the entire population.

This observational study is based on a secondary analysis of data generated by the
GBD for Mexico. Therefore, some of the estimates presented here should be interpreted with
caution due to the following limitations. The challenges in cancer data collection include
(1) insufficient cancer-specific data categorized by year, age, and sex; (2) limited availability
of diverse data sources, such as nationally representative studies; (3) varying levels of
completeness and time lags in high-quality data; (4) a reduced number of studies on cancer
risk factors; and (5) high variability in the data, which may lead to an underestimation of
the number of people affected by cancer.

5. Conclusions

Cancer remains a significant public health issue in Mexico, marked by rising incidence
and mortality rates. While these statistical trends do not directly apply to an individual
patient, they play a crucial role in aiding governments, policymakers, health professionals,
and researchers in comprehending the impact of cancer on the population. These trends
enable them to develop strategies to reduce the cancer burden and to manage and treat
cancer. The increasing burden of cancer in Mexico emphasizes the necessity for sustained
efforts to address underlying risk factors and enhance access to screening, treatment, and
patient care. With appropriate strategies and investments, it is feasible to mitigate the
impact of cancer on the health of the Mexican population and improve outcomes.

Supplementary Materials: The following supporting information can be downloaded at https://
www.mdpi.com/article/10.3390/cancers16010149/s1, Figure S1. Cancer-specific trends and annual
percentage change from 1990 to 2019 of the age-standardized incidence rate (per 100,000 people) in
Mexico; Figure S2. Cancer-specific annual percentage changes from 1990 to 2019 of age-standardized
incidence (a) and mortality (b) rates per 100,000 population in Mexico; Figure S3. Cancer-specific
incidence rates (a) and age-standardized mortality rates (per 100,000 people) by sex (b) in Mexico
in 2019.; Figure S4. Age-specific incidence rate (per 100,000 people) by sex for each cancer group in
Mexico during 2019; Table S1. Total and sex-specific and age-standardized incidence and mortality
rates (per 100,000 people) by cancer group in Mexico during 2019; Table S2. Percentage change from
1990 to 2019 in crude incidence and mortality due to 29 malignant neoplasms in Mexico; Table S3.
Percentage change from 1990 to 2019 of age-standardized incidence and mortality rates (per 100,000
population) due to 29 malignant neoplasms in Mexico.
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Simple Summary: Cancer patients are at greater risk of developing venous thromboembolism com-
pared to the general population, which can lead to a decreased quality of life, a worsened prognosis,
and increased treatment costs. Guidelines provide clear strategies for preventing thrombosis in
hospitalized cancer patients and those undergoing surgery. For ambulatory cancer patients, thrombo-
prophylaxis is recommended only for those who are at high risk. However, this can be challenging
in clinical practice. The current guidelines do not provide sufficient information on this problem.
Imaging and biomarker screening techniques are underutilized in practice. Although new risk
scores, nomograms, and strategies have been developed using biomarkers and clinical and genetic
features, many of these methods have not yet been validated. Machine learning algorithms have
already been studied with promising results. This review presents the current knowledge on venous
thromboembolism risk assessment in ambulatory cancer patient settings.

Abstract: Many cancer patients will experience venous thromboembolism (VTE) at some stage, with
the highest rate in the initial period following diagnosis. Novel cancer therapies may further enhance
the risk. VTE in a cancer setting is associated with poor prognostic, a decreased quality of life, and high
healthcare costs. If thromboprophylaxis in hospitalized cancer patients and perioperative settings is
widely accepted in clinical practice and supported by the guidelines, it is not the same situation in
ambulatory cancer patient settings. The guidelines do not recommend primary thromboprophylaxis,
except in high-risk cases. However, nowadays, risk stratification is still challenging, although many
tools have been developed. The Khrorana score remains the most used method, but it has many
limits. This narrative review aims to present the current relevant knowledge of VTE risk assessment
in ambulatory cancer patients, starting from the guideline recommendations and continuing with the
specific risk assessment methods and machine learning models approaches. Biomarkers, genetic, and
clinical features were tested alone or in groups. Old and new models used in VTE risk assessment are
exposed, underlining their clinical utility. Imaging and biomolecular approaches to VTE screening of
outpatients with cancer are also presented, which could help clinical decisions.

Keywords: venous thromboembolism risk; ambulatory cancer; risk assessment

1. Introduction

Cancer patients often present with a prothrombotic state due to the abnormalities in
each component of Virchow’s triad, thus contributing to thrombosis. Researchers estimated
that VTE would occur in 4–20% of cancer patients at some stage, with the highest risk
immediately following cancer diagnosis [1]. In the last period, the VTE incidence in
oncologic patients has increased in the context of the higher performance of imaging
techniques and the development of new cancer treatments that improved survival [2].

Cancers 2024, 16, 458. https://doi.org/10.3390/cancers16020458 https://www.mdpi.com/journal/cancers105



Cancers 2024, 16, 458

After cancer diagnosis, the 12-month cumulative VTE incidence was 3%, a percentage nine
times higher when compared to the general population [2].

However, despite improved cancer treatment, VTE in cancer patients is strongly
associated with a poor prognosis. The cumulative mortality in VTE cancer patients was
27.7% after one month, 48.7% after three months, 68.2% at one year, and 84.1% after five
years, which is much higher than the cumulative mortality in cancer patients without VTE
(7.5%, 17%, 38.5%, and 84.1%, respectively) [3]. Pulmonary embolism (PE) was associated
with a poorer prognosis than venous thrombosis [3]. The one-year mortality of the PE
cancer patients was 73% in Sørensen et al.’s study, as compared to 39.3% in the non-cancer
cohort [3].

Khorana et al. reported that 17.1% of the patients recently diagnosed with cancer and
with VTE events would develop recurrent episodes of VTE during a nine-month follow-up
period [4]. The total costs related to the healthcare of the patients with VTE recurrence
were very high, suggesting the necessity of reducing VTE risk in cancer patients [4].

Thromboprophylaxis in hospitalized cancer patients and perioperative settings is
widely accepted in clinical practice and supported by the guidelines. However, most cancer
patients would develop VTE in the outpatient setting. Primary thromboprophylaxis is
not routinely recommended, except for high-risk cancer patients. Selecting an ambulatory
cancer patient who would benefit from thromboprophylaxis is still challenging because
of the specific bleeding risk. The Khrorana score is mainly the recommended tool in this
setting, but many limits of this old score have been reported. Novel approaches have
been proposed. Clinical features, routine hematologic and coagulation lab testing, new
biomarkers, and genetic data, separately or grouped, were introduced in the novel risk
scores, nomograms, or machine learning algorithms to accurately assess the VTE risk in
ambulatory cancer patients in general and specific tumors. This narrative review aims to
present the current relevant knowledge in this setting starting from the guideline recom-
mendations and continuing with the specific risk assessment methods to help clinicians
in their decision regarding primary thromboprophylaxis in ambulatory cancer patients
(Figure 1). The future directions provided by the recent research papers are also presented.
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2. Guideline Recommendations

The European Society for Medical Oncology (ESMO) 2010 practical guidelines pro-
posed the Khrorana model to identify ambulatory cancer patients who are clinically at high
risk for VTE [5]. The new 2023 ESMO guideline suggested the use of the same Khrorana
model, but also the Vienna-CATS and COMPASS-CAT methods [6].
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The same guideline strongly recommended ultrasound diagnosis and computer to-
mography (CT) pulmonary angiogram if deep venous thrombosis (DVT) or pulmonary
embolism (PE), respectively, were suspected in cancer patients [6]. The D-dimer levels and
the clinical prediction rules have not been recommended in this setting [6].

The new 2023 American Society of Clinical Oncology (ASCO) guideline considers
only the Khrorana score in stratifying the risk in this setting [7]. The American Society of
Hematology (ASH) 2021 guidelines provided strong and conditional recommendations
for not using thromboprophylaxis on low and intermediate-risk ambulatory oncologic
patients receiving cancer chemotherapy, respectively [8]. A validated risk assessment tool
(i.e., Khorana score) together with clinical judgment and experience were recommended
for patient classification [8]. The hereditary thrombophilia tests were suggested by the 2023
update in ambulatory cancer patients receiving systemic therapy with VTE family history
determined to be at low or intermediate risk for VTE [9].

The European Society of Cardiology (ESC) 2022 cardio-oncology guideline recom-
mended the baseline clinical and biomarkers assessment of the patient diagnosed with
cancer [10]. Multidisciplinary monitoring during the specific treatments was also pro-
posed [10,11]. The ESC 2022 cardio-oncology guideline emphasized the high incidence of
VTE among cancer patients and recommended imaging screening in patients with clinically
suspected VTE [10]. Lower-extremity venous ultrasonography is the method that has to be
used in DVT diagnosis, as well as contrast-enhanced CT [10]. After detailing the patient-,
cancer-, and treatment-related risk factors, the guideline proposed the TBIP method in the
anticoagulation decision. It represents an acronym for thromboembolic risk, bleeding risk,
drug–drug interactions, and patient preferences [10].

The ESC guideline recommended that the VTE risk assessment in ambulatory patients
be individually determined and only found the Khorana and COMPASS-CAT scores useful
in this setting [10]. Khrorana risk assessment was also recommended by the American
College of Cardiology in ambulatory oncologic patients [12].

Table 1 summarizes the relevant guideline recommendations on VTE risk assessment
in ambulatory oncologic patients.

Table 1. The relevant guideline recommendations on VTE risk assessment in ambulatory onco-
logic patients.

Guideline Reference Main Findings Recommendation

ESMO 2023 [6]

• Ultrasound diagnosis in suspected DVT and diagnosis by
CTPA in suspected PE, without using clinical prediction rules
and D-dimer level

Class I, Level of evidence A

• Apixaban, rivaroxaban or LMWH may be considered for
primary thromboprophylaxis for a maximum of 6 months in
high-thrombosis-risk ambulatory cancer patients starting
systemic anticancer treatment.

Class I, Level of evidence B

• Primary thromboprophylaxis is suggested when a VTE risk is
estimated to be >8–10% at 6 months. Class II, Level of evidence C

• Cancer patients should be offered a CAT risk assessment and
have an opportunity to discuss their particular risks. Class III, Level of evidence B

• Khrorana score (cut-off 2), COMPASS-CAT, and Vienna-CATS
should be used for risk stratification Class III, Level of evidence C

• LMWH given at a higher dose for a maximum of 3 months
may be considered for ambulatory pancreatic cancer patients
on first-line systemic anticancer treatment,.

Class II, Level of evidence C
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Table 1. Cont.

Guideline Reference Main Findings Recommendation

ASCO 2023 [7]

• Routine pharmacologic thromboprophylaxis should not be
offered to all outpatients with cancer

Evidence-based
Intermediate-High quality
Strong recommendation

• High-risk outpatients with cancer (Khorana score ≥ 2 before
starting a new systemic chemotherapy regimen) may be
offered thromboprophylaxis with apixaban, rivaroxaban, or
LMWH provided there are no significant risk factors for
bleeding and no drug interactions. Such therapy should be
accompanied by a discussion with the patient about the
relative benefits and harms, drug cost, and duration of
prophylaxis in this setting

Evidence-based
Evidence quality:
Intermediate to High for
apixaban and rivaroxaban,
Intermediate for LMWH
Moderate recommendation

• Patients with multiple myeloma receiving thalidomide- or
lenalidomide-based regimens with chemotherapy and/or
dexamethasone should be offered pharmacologic
thromboprophylaxis with either aspirin or LMWH for
lower-risk patients and LMWH for higher-risk patients

Evidence-based
Intermediate evidence quality
Strong recommendation

ESC 2022 [10]

• The venous ultrasonography or contrast-enhanced CT were
recommended as screening when clinical signs of DVT were
present

• The CT pulmonary angiography was recommended as
screening when clinical signs of PE are present

• TBIP assessment Class I

• VTE risk should be individually determined (Khorana score
or COMPASS-CAT) -

• For ambulatory patients with cancer at high risk of
thrombosis receiving systemic therapy, primary
thromboprophylaxis with a NOAC (apixaban or rivaroxaban)
or LMWH may be considered, provided there are no
significant contraindications.

Class IIb, Level of evidence B

• The patients at high risk of thrombosis receiving systemic
therapy are those with locally advanced/metastatic pancreas
or lung cancer or Khorana score ≥ 2

• A discussion with the patient about the relative benefits and
harms, cancer prognosis, drug cost, and duration of treatment
is recommended prior to prophylactic anticoagulation for the
primary prevention of VTE

Class I, Level of evidence C

ASH 2021 [8]

• For low-risk thrombosis patients receiving systemic therapy,
no thromboprophylaxis is recommended over parenteral
thromboprophylaxis

Strong recommendation,
moderate certainty in the
evidence of effects

• For intermediate-risk thrombosis patients receiving systemic
therapy, no prophylaxis is suggested over parenteral
prophylaxis

Conditional recommendation,
moderate certainty in the
evidence of effects

• For high-risk thrombosis patients receiving systemic therapy
thromboprophylaxis (LMWH or DOAC) are suggested over
no thromboprophylaxis

• Classification of patients as being low-, intermediate-, or
high-risk for VTE should be based on a validated risk
assessment tool (i.e., Khorana score) complemented by clinical
judgment and experience.

Conditional recommendation,
moderate certainty in the
evidence of effects

Abbreviations: ASCO, American Society of Clinical Oncology; ASH American Society of Hematology; COMPASS-
CAT, Comparison of Methods for Thromboembolic Risk Assessment with Clinical Perceptions and Awareness in
real-life patients-Cancer-Associated Thrombosis; CAT, cancer-associated thrombosis; CT, Computed tomography;
CTPA, CT pulmonary angiogram; ESC, European Society of Cardiology; DOAC, direct oral anticoagulants; DVT,
deep venous thrombosis; ESMO, European Society for Medical Oncology; LMWH, low molecular weight heparin;
PE, pulmonary embolism; TBIP, thromboembolic risk, bleeding risk, drug–drug interactions, patient preferences;
Vienna-CATS, Vienna Cancer and Thrombosis Study; VTE, venous thromboembolism.
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3. VTE Screening in Ambulatory High-Risk Oncologic Patients

Cancer and thrombosis are strongly related. VTE can be the first clinical sign of
undiagnosed cancer, especially when the event is unprovoked [13], while cancer represents
a risk factor in VTE occurrence. In this last setting, guidelines issued recommendations
for hospitalized and surgical cancer patients and high-risk outpatients. Gainsbury et al.
found a 10.1% prevalence of preoperative deep venous thrombosis (DVT) in asymptomatic
patients undergoing major oncologic surgery and suggested the preoperative screening
with lower extremity venous duplex ultrasound (US) in this setting [14]. Increasing age,
recent diagnosis of sepsis, and a history of prior VTE were significantly associated with
preoperative DVT [14].

Detecting VTE high-risk outpatients with cancer is still challenging. VTE screening
may be an answer in this setting. In total, 6.6% of venous thrombosis was found by Heidrich
et al. in all tumor patients [15]. The same authors reported a much higher incidence of
33% when using an imaging prospective approach [15]. Loftus et al. researched the role of
venous US screening in incidentally detecting VTE in high-risk patients with cancer in a
multicenter trial. The studied 117 patients were asymptomatic, had a Khorana score ≥ 3,
and were starting new systemic chemotherapy [16]. The lower-limb venous US and a
contrast-enhanced CT baseline screening discovered 9% incidental VTE (6% DVT, 1%
pulmonary embolism, 1% DVT and pulmonary embolism) [16]. The patients were screened
further every four weeks for a 12-week period with venous US and at 12 weeks with
contrast-enhanced CT [16]. Researchers proposed the lower-limb venous US screening in
addition to the oncologic surveillance CT in high-risk ambulatory cancer patients setting
with a Khorana score ≥ 3 [16].

This approach could help in early VTE detection in latent stages, preventing VTE
progression and thus decreasing morbidity and costs [16]. Kourlaba et al. also reported
US screening of high-risk cancer patients as a cost-effective strategy compared to clinical
surveillance, even when all patients with a positive first US underwent a second US [17].
Kunapareddy et al. proposed an electronic alert to identify high-risk patients and suggest
US screening for early detection [18]. Holmes et al. reported the success of a multidis-
ciplinary program related to Venous Thromboembolism Prevention in the Ambulatory
Cancer Clinic (VTEPACC) [19]. The high-risk patients identified by Khorana and Protecht
scores (≥3 points) were offered a hematology consultation to consider VTE prophylaxis,
further referring the results of the consultation to the oncologist [19].

VTE risk was predicted by baseline D-dimer levels [20,21]. Niimi et al. recently re-
ported the optimal D-dimer cut-off value of 4.0 µg/mL for predicting DVT in patients
with malignancy [22]. Its association with risk assessment scores performed better in VTE
prediction [21,22]. D-dimer was reported in another study as part of the thromboembolism
risk assessment when added to fibrinogen level [23]. Oi et al. found that high D-dimer
levels at VTE diagnosis were associated with an increased risk for short-term and long-term
mortality and with long-term recurrent VTE, especially in patients with active cancer [24].
During a median follow-up of 30 months, D-dimer positively correlated with the reoc-
currence of VTE (p = 0.0299) and mortality in cancer patients with VTE (p < 0.0001) and
without VTE (p = 0.0008) [25]. D-dimer level positively correlated in Koch et al.’s study
with VTE reoccurrence and mortality during a 30-month period [25]. The relationship with
mortality was reported both in cancer patients who presented VTE and in cancer patients
without VTE [25].

Another VTE risk factor is the soluble P-selectin (sP-selectin). A cut-off level of
53.1 ng/mL could predict VTE in cancer patients with no difference between tumor
sites [26]. Zhang et al. recommended sP-selectin level for early identification of cancer-
associated VTE and monitoring [27].

Khorana et al. recently studied the biomarkers distribution in patients with and
without VTE diagnosed with cancer [28]. In the two groups, there were reported baseline
lower levels of stromal cell-derived factor-1, thyroid-stimulating hormone, and monocyte
chemotactic protein 4 and higher levels of growth hormone and interleukin-1 receptor type
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1 [28]. ST2, IL-8, and C-reactive protein were significantly different between survivors and
those who died [28].

Table 2 presents the relevant studies presenting modalities and importance of VTE
screening among ambulatory cancer patients.

Table 2. The relevant studies presenting modalities and importance of VTE screening among ambula-
tory cancer patients.

Screening Modality Authors (Year) [Ref] No.
Patients

VTE
Detected
(%)

Type of
Tumors Main Findings

Lower limb venous
duplex US Gainsbury et al. (2018) [14] 346 10.1 Solid

cancer

High-risk cancer patients may benefit
from screening lower extremity venous
duplex US before surgery.

Lower limb duplex US
and/or venography Heidrich et al. (2009) [15] 97 33 Various

types

Regular screening for thrombosis is
indicated even in asymptomatic tumor
patients

Lower limb duplex US
and contrast-enhanced
chest CT

Loftus et al. (2022) [16] 117 58 Solid
cancers

Suggested to add US screening to routine
oncologic surveillance CT in high-risk
ambulatory cancer patients (Khorana
score ≥ 3)

Lower limb venous US Kourlaba et al. (2017) [17] 907 - various

Screening high-risk cancer patients via US
to detect asymptomatic DVT is a
cost-effective strategy over clinical
surveillance

Automated alert
Lower limb venous US Kunapareddy et al. (2019) [18] 194 12.5 various

An automated alert may help in early
detection of DVT in high-risk cancer
patients

VTEPACC model Holmes et al. (2020) [19] 918 23.2 various VTEPACC involves a multidisciplinary
approach

D-dimer
F 1 + 2 Ay et al. (2009) [20] 821 7.6 various

The cumulative probability of developing
VTE after 6 months was highest in
patients with both elevated D-dimer and
elevated F 1 + 2

Baseline D-dimer Schorling et al. (2020) [21] 100 11.2 Solid
cancers

VTE risk was well predicted by baseline
D-dimer levels.

D-dimer Niim et al. (2023 [22] 208 28.4 various
The optimal D-dimer cut-off value for the
DVT diagnosis in cancer patients was
4.0 µg/mL.

D-dimer Oi et al. (2020) [24] 2852 various
Elevated levels at diagnosis were
associated with an increased risk for
short-term and long-term mortality.

D-dimer Koch et al. (2023) [25] 526 39.73 various
Levels above the 10-fold upper reference
limit contain diagnostic and prognostic
information

sP-selectin Ay et al. (2008) [26] 687 6.4 various Higher levels independently predict VTE
in cancer patients

sP-selectin Zhang (2023) [27] 1882 24.17 various
Metaanalysis.
Role in early identification and monitoring
A higher level in Asian cancer patients

Various biomarkers Khorana (2022) [28] 124 50 various SDF-1 and TSH were the strongest
predictors of VTE

Abbreviations: CT, computed tomography; DVT, deep venous thrombosis; F 1 + 2, prothrombin fragment 1 + 2;
SDF-1, stromal cell-derived factor1; VTE, venous thromboembolism; VTEPACC, Venous Thromboembolism
Prevention in the Ambulatory Cancer Clinic; TSH, thyroid-stimulating hormone; US, ultrasonography.

microRNAs (miRNAs) represent a promising class of biomarkers in VTE prediction
in cancer, but until now, only a few small-sample-size studies, lacking external validation,
have investigated their role in this setting [29]. The long non-coding RNAs (lncRNAs)
may have a role as well in VTE pathogenesis [30]. Ten lncRNAs were implicated in VTE
pathogenesis, but future research is needed in this setting [30].

Genetic assessment may help VTE risk stratify and prognostic in the cancer population.
Thrombogenesis-related genetic polymorphisms are already studied in this setting and are
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integrated in specific risk scores alone, or together with clinical features. However, more
prospective studies are required before clinical application.

4. VTE Risk Assessment Using Scores

Because the CAT risk factors are multifactorial, risk scores have been developed
to find oncologic outpatients who need anticoagulation treatment. The Khorana score
was the first proposed [31]. The type of cancer, some components of the complete blood
count, and body mass index were assessed. A value ≥ 2 was retained by the guidelines
as describing high-risk patients [6,7,32], although a value of more than 3 was initially
proposed [31]. Khorana et al. validated the method in a cohort with 34.6% breast cancer
patients and 18.9% lung cancer patients [31]. The rest of Khorana et al.’s cohort had colon,
ovarian, gastric, and pancreatic cancers, lymphomas, and other tumor types [31]. Mulder
et al.’s meta-analysis reported the Khorana score as a tool for selecting high-risk VTE
in oncologic patients [33], and Akasaka-Kihara et al. validated it in the Japanese cancer
population [34]. Ramos-Esquivel et al. recently found the Khorana score to perform an
accurate categorization of VTE risk in ambulatory Hispanic patients who were newly
diagnosed with solid tumors and were receiving systemic chemotherapy [35]. El-Sayed
et al. reported a calculated VTE occurrence probability of 87.5% when using the Khorana
score at cut-off levels ≥ 3 in patients with hematological malignancy [36]. However, many
researchers found the universal use of the Khorana score in primary thromboprophylaxis
risk assessment inappropriate. Ha et al. (2023) only partially validated the Khorana score in
the Korean population [37]. Khorana could stratify the 6-month VTE risk only in selected
cancer populations [33,38–40]. Verzeroli et al. (2023) recently found that the Khorana
score was not able to discriminate between low and high VTE risk in newly diagnosticated
metastatic cancer (non-small cell lung, gastric, colorectal, and breast cancers) for whom
systemic chemotherapy was indicated [41]. This score was unable to stratify VTE risk in
lung cancer [39,42,43], endometrial [40], MM [44], myeloid leukemia [45], hepatocellular
carcinoma [46], uterine [47], or lymphoid malignancies [48]. Although this risk score
was suboptimal in VTE risk prediction, other studies found it more useful in mortality
prediction [41,43] or when a value ≥ 2 was tested [49,50] in the VTE setting.

Ay et al. [51] proposed a new VTE risk assessment method in patients by adding
two biomarkers, D-dimer and sP-selectin, to the Khorana score. Higher D-dimer (cut-
off 1.44 µg/mL) and sP-selectin (cut-off 53.1 ng/mL) levels were reported previously by
the authors to be associated with VTE [20,26] in a Vienna Cancer and Thrombosis Study
(Vienna CATS). In a multinational, prospective cohort study, the Vienna CATS method
discriminated better than the Khorana score between low- and high-risk VTE patients [52].
The eligible patients were those with advanced cancer who underwent chemotherapy or
had started chemotherapy in the previous three months [52]. In hematological malignancy,
the calculated probability of VTE occurrence was the same when using Vienna CATS or
Khorana score at cut-off values of ≥3 [36]. A value more than or equal to 3 of the Vienna
CATS risk score was significantly associated with VTE complications in Japanese patients
with advanced cancer who were receiving chemotherapy [53].

Verso et al. proposed another risk score, the PROTECHT score, that added gemcitabine
and platinum-based chemotherapy to Khorana score variables [54]. Moik did not sustain
the use of these variables in prediction models [55]. The gemcitabine therapy has not been
associated with an increased VTE risk, while platinum-based treatment had only limited
predictive value beyond tumor site category and D-dimer levels [55]. However, in van Es
et al.’s study, the PROTECHT score performed better discrimination than the Khorana score
in the VTE risk assessment [52]. Ramos-Esquivel et al. also found PROTECHT (cut-off 3)
among the scores that could categorize the VTE risk in newly diagnosed solid tumors in
the Hispanic population [56]. Other studies reported this score as suboptimal in VTE risk
assessment [49,50], proposing a 2-value threshold to improve the results [49].

Another risk score proposed in this setting was CONKO [57]. From the Khorana score
variables, BMI was replaced by WHO performance status [57]. In Qin et al.’s (2023) study,
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Khorana, Vienna CATS, PROTECHT, and CONKO risk scores moderately assessed the
VTE risk in hospitalized metastatic colorectal cancer inpatients [58], but the prediction was
enhanced when KRAS and BRAF mutations were added to the scores [58]. In ambulatory
oncologic patients, the VTE risk stratification by CONKO was suboptimal [49,52], although
in the Hispanic population the results were more encouraging [56]. HYPERSCAN study
reported that CONKO scores significantly stratified patients for VTE risk, while the KRS
and the PROTECHT failed in ambulatory lung cancer patients [59]. In this setting, future
research is awaited. Yan et al.’s systematic review regarding VTE risk assessment models
for use in ambulatory patients with lung cancer is expected to be published soon [60].

Papinger et al. proposed a modified Vienna CATS, the CATS/MICA score, that
integrated the tumor site category and D-dimer level to predict the VTE risk in ambulatory
patients with solid cancers [61]. The new Vienna CATS and the CONKO scores significantly
stratified patients for VTE risk in lung cancer [59]. Verzeroli et al. reported that a modified
Vienna CATS score > 60 points was an independent risk factor for mortality in outpatients
with metastatic cancer during chemotherapy [41].

Gerotziafas et al. proposed the COMPASS-CAT model, another VTE risk assessment
method in a breast, colorectal, lung, or ovarian cancer cohort [62]. COMPASS-CAT takes
into account several aspects referring to the time the cancer was diagnosed, the stage
of the disease, previous VTE occurrences, platelet count, the presence of central venous
catheter and the cardiovascular risk factors, the specific anti-hormonal treatment or with
anthracycline, and recent hospitalization in acute medical setting [62]. The model pre-
sented in Gerotziafas et al.’s study had a good sensitivity of 88% but a lower specificity of
52% [62]. There was a strong association between catheter-related thrombosis and high
Khorana, PROTECHT, and COMPASS-CAT scores [63]. COMPASS-CAT better identified
more patients in high-risk group in non-small cell lung cancer [42]. Rupa-Matysek et al.
reported that the COMPASS-CAT model was the most accurate predictor of VTE in lung
cancer patients, compared to Khorana, PROTECHT, and CONKO scores [64]. In a large
retrospective external validation study, the COMPASS-CAT model had good negative pre-
dictive value, with moderate discrimination and poor calibration power [65]. Pestana et al.
(2023) reported a high VTE risk when evaluated by the COMPASS-CAT model (score ≥ 7)
in breast cancer patients [66] and proposed the combination of this model with IL-10 levels
to improve the method [66].

Cella et al. proposed a new assessment tool, the ONKOTEV score, an easy-to-use and
cost-effective model based on clinical information, avoiding highly selective biochemical
parameters. The ONKOTEV score offers one point for a Khorana score > 2, previous
venous thromboembolism, metastatic disease, and vascular/lymphatic macroscopic com-
pression [67]. In their prospective study, the area under the curve of ONKOTEV over the
Khorana score was reported at 3 months (71.9% vs. 57.9%, p = 0.001), 6 months (75.4%
vs. 58.6%, p < 0.001), and 12 months (69.8% vs. 58.3%, p = 0.014) [67]. Cella et al. (2023)
validated this model in the ONKOTEV-2, a multicenter prognostic study on ambulatory
patients with solid tumors undergoing active treatments [68]. The most represented tu-
mors were breast (18.1%), gastroesophageal adenocarcinoma (16.5%), colon (12.7%), lung
(11.1%), rectum (10.8%), and pancreatic cancers (7.5%) [68]. Di Nisio et al. reported that
the performance of the Khorana, PROTECHT, CONKO, and ONKOTEV scores improved
at the threshold of 2 points, compared to 3 points [49]. The scores’ accuracy decreased
over time, suggesting the need for periodic re-evaluation [49]. An ONKOTEV score ≥ 2
was associated with a higher VTE occurrence in patients with pancreatic cancer, including
ambulatory ones [69]. ONKOTEV score performed better than PROTECHT, COMPASS-
CAT, CONKO, Khorana, and the CATS/MICA score in VTE risk assessment in hospitalized
medical patients with primary lung cancer [70]. An ONKOTEV score ≥ 2 was also a
predictor of survival and thromboembolic events in cholangiocarcinoma [71].

Table 3 summarizes the relevant studies related to the scores used in VTE risk assess-
ment in ambulatory cancer patients.
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Zhang et al. studied the systemic immune-inflammation index (SII) and the prognosis
nutritional index (PNI) in VTE prediction in gastrointestinal cancer patients [72]. The SII
was an auxiliary diagnostic test for patients with venous thrombosis in general, with an
AUC of 0.861 (95% CI: 0.820–0.902; p < 0.001), a sensitivity of 78.1%, and a specificity of
73.1% for an SII > 755.54 [73]. SII (cut-off 504.80) paired with PNI (cut-off 45.57) were
part of the two nomograms proposed to predict VTE risk in gastrointestinal cancer [72].
Model A (age, tumor location, therapy, PNI, SII) and Model B (age, tumor location, therapy,
PNI, SII and D dimer) presented an AUC of 0.806 (95% CI: 0.782–0.830) and 0.832 (95% CI:
0.810–0.855), respectively, as compared to Khorana score’s 0.592 (95% CI: 0.562–0.621) [72].
Zhang et al. also tested SII in lung cancer patients and developed a new nomogram
model (the inflammatory marker, coagulation indicator, and tumor features) to perform
an accurate prediction of VTE [74]. The SII cut-off was 851.51, and the new nomogram
presented an AUC of 0.708, compared to the Khorana score’s 0.600 [74].

Li et al.’ new nomogram contains common data from the electronic health record, some
demographic data (Asian/Pacific islander), the original Khorana score, but with cancer
subtypes that were revised, and cancer and patient risk factors such as hormonal/target
therapy, advanced cancer, previous VTE occurrence, recent hospitalization, and history of
immobility [75].

Approximately 50% of cancer patients receiving modern systemic therapy were strati-
fied into a high-risk group (a 6-month VTE risk of 8–10%) and the other half into a low-risk
group (a 6-month VTE risk of 3%) [75]. This novel tool appeared generalizable in variate
age, sex, and race/ethnicity subgroups but needs further validation [75].

In the ambulatory cancer population, there is no universal method for the VTE risk
assessment. Thus, new specific risk scores have been developed. In newly diagnosed
NSCLC outpatients who undergo chemotherapy, Thrombo-NSCLC (FVIII and sP-selectin
values) predicted VTE significantly better than the Khorana score [76]. Gomez-Rosas et al.
recently proposed a new risk tool, the Hypercan score, to stratify lung cancer patients for
VTE and mortality risk [59]. This score contains information regarding ECOG performance
and D dimer and stratifies the patients into low- and high-risk groups [59]. Using the Hy-
percan score, the cumulative incidence of VTE was 6% in the low- and 25% in the high-risk
group [59]. Li et al. proposed and validated a new nomogram for VTE risk prediction in
patients recently diagnosed with lung cancer [77]. Some clinical and therapeutic features
and genetic parameters were incorporated into the new assessment system: overweight,
adenocarcinoma, stage III-IV, central venous catheters, D-dimer levels ≥ 2.06 mg/L, pro-
thrombin time ≥ 11.45 s, fibrinogen levels ≥ 3.33 g/L, triglyceride ≥ 1.37 mmol/L, ROS1
rearrangement, chemotherapy history and radiotherapy history [77]. In lymphoma pa-
tients, the ThroLy score was proposed. It was designed for both hospitalized and outpatient
settings and included data referring to tumor spread (mediastinal involvement, extran-
odal localization), frailty (reduced mobility, BMI > 30 kg/m2), the presence of previous
arterial or venous thromboembolic events, anemia (hemoglobin level < 100 g/L), neutrope-
nia [78]. ThroLy not only predicted VTE in Hodgkin lymphoma, but also survival [79].
It has been studied in diffuse large B-cell lymphoma settings as well [80]. A simplified
model was proposed (high-risk with a score ≥ 3 and low-risk score < 3) [80]. Others did
not find this score an accurate model for predicting VTE events in patients at higher risk
of VTE [81]. An adapted TiC-Onco risk score to lymphoma settings was proposed by
Bastos-Oreiro et al. [82] with promising results. The TiC-LYMPHO score incorporated the
same genetic variables included in the TiC-ONCO score and some of the clinical variables
associated with VTE in the studied population (the type of lymphoma according to the
WHO classification, mediastinal involvement, Ann Arbor stage, bed rest for >3 days, and a
family or personal history of VTE) [82]. López Sacerio et al. (2023) found five predictive
factors—hypercholesterolemia, tumoral activity, use of thrombogenic drugs, diabetes melli-
tus, and immobilization—that were integrated into a predictor model of VTE in patients
with hospitalized hematologic malignancies [83].
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The IMPEDE VTE score (immunomodulatory agent; body mass index ≥ 25 kg/m2;
pelvic, hip or femur fracture; erythropoietin stimulating agent; dexamethasone/doxorubicin;
Asian ethnicity/race; VTE history; tunneled line/central venous catheter; existing throm-
boprophylaxis) was developed and validated by Sanfilippo et al. (2019) as a VTE risk
prediction score in multiple myeloma (MM) [84]. Recently, Sanfilippo et al. (2023) reported
that adding D-dimer to the IMPEDE VTE score could improve VTE prediction among MM
patients [85].

The PICOS score (primary tumors with high thrombogenicity, immobilization,
chemotherapy, obesity, and steroid) was proposed by Wolpert et al. as a helpful tool
for the identification of patients with brain metastasis at high risk for VTE [86].

Kubo et al. found that the D-dimer combined with the Glasgow prognostic score accu-
rately predicted VTE in stage IIIC and IVA of ovarian cancer (AUC: 0.846; p < 0.001) [87].
D-dimer could significantly predict VTE in all gynecologic cancer patients. Optimal re-
ported D-dimer cut-off values were 3.1, 3.2, and 3.9 µg/mL in cervical, endometrial, and
ovarian cancer patients, respectively [87].

5. Genetic-Based Risk Assessment Scores

Polygenic risk scores do not change during the cancer course. Thus, they could be
potential predictors of cancer-associated VTE independent of cancer type. Both Factor
V Leiden and ABO gene mutations were reported as independent predictors of VTE
occurrence in moderate to high-risk outpatients with cancer undergoing chemotherapy [88].

Lindström et al. (2019) reported the results of a large genome-wide association study
(GWAS) and the first transcriptome-wide association study (TWAS) on VTE risk. GWAS
meta-analysis identified 34 independent genetic signals for VTE risk with 14 newly reported
associations [89]. TWAS identified five additional genetic loci not previously associated
with VTE (SPSB1, ERAP1, RP11-747H7.3, RP4-737E23.2, and replicated SH2B3) [89]. The
researchers demonstrated that a genetic risk score based on 37 VTE-susceptibility variants
can identify a subset of the population at high risk for developing VTE [89].

De Haan et al. designed a genetic score to select VTE high-risk patients [90]. This
method contained data on 31 single-nucleotide polymorphisms (SNPs) associated with
an increased risk [90]. The 5-SNP score (rs8176719, rs6025, rs1799963, rs2066865, and
rs2036914) was created by adding one-by-one the SNPs with the highest odds ratios of
VTE and similarly discriminated high-risk patients as 31 SNPs regarding both incidental
and recurrent VTE events [91]. VTE risk increased with the number of prothrombotic risk
alleles, independent of the cancer diagnosis [91]. The presence of both prothrombotic risk
alleles and cancer represented a highly elevated VTE risk factor [91].

Other studies did not find the 5-SNP score to be superior to the Khorana score [50].
Jakobsen et al. reported an elevated discriminative effect of the 5-SNP score on VTE risk by
combining it with the mean platelet volume, but the results were not focused on the cancer
population [92].

The 5, 37, 297, extended 297, and 100 SNPs prospectively identified those cancer
patients at high risk for VTE development in a population-based study [93]. The tumor
type has not influenced the result [93]. The 36,150 patients of the UK Biobank cohort
diagnosed with hematological or solid cancer were studied from the genetic point of
view regarding VTE risk. In the 12 months post-cancer diagnosis, the germline genetic
markers accurately selected the patients with an increased double risk for VTE occurrence.
Guman et al. demonstrated that the tumor type and polygenic scores’ performance were
independent variables, as the latter remained consistent during the 12-month follow-up [93].
The VTE prediction was improved when the two variables were combined [93].

The TiC-Onco risk score integrated genetic (rs2232698, rs6025, rs5985, rs4524) and
clinical risk factors. Muñoz et al. used it to identify patients with colorectal, esophagogastric,
lung, or pancreatic cancer in the outpatient setting who are at high risk of VTE [94]. This
method has to be followed at the moment cancer is suspected [94]. Its sensitivity was
significantly higher than that of the Khorana, while the specificities of both scores were
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similar in the studied population [94]. TiC-LYMPHO, a modified TiC-Onco score, was
proposed in lymphoma settings [82]. Neto et al. (2023) reported PROCR rs10747514 and
RGS7 rs2502448 as valuable prognostic biomarkers regardless of VTE and significantly
associated with the VTE risk in cervical cancer [95].

Recently, nine genetic variants (rs4524, rs6025, rs2232698, rs2227631, rs268, rs169713,
rs11696364, rs5110, rs6003) were independently associated with VTE in outpatients with
cancer [96]. Muñoz et al. developed and validated ONCOTHROMB, by combining this ge-
netic profile with three clinical variables independently associated with VTE in outpatients
with cancer. This score, with a higher AUC compared to the Khorana model (AUC, 0.781 vs.
0.580; p < 0.001) was recommended to be assessed at the moment cancer is suspected [96].
ONCOTHROMB presented a significantly higher sensitivity than Khorana (81.54% vs.
22.54%; p < 0.001), with a lower specificity (65.22% vs. 81.76%; p < 0.0001) [96].

6. Machine Learning Algorithms Tools

Artificial intelligence brings new methods to assess risk. Machine learning (ML)
can develop many statistical algorithms that can learn from the pattern of the database.
The highly flexible novel tools can discriminate better in a nonlinear setting [97,98]. The
manual data analysis is eliminated when using ML algorithms, while a large volume of
data can be reviewed, identifying more easily patterns and trends. The automatic and
dynamic self-learning process leads to continuous improvement in decision making. ML
may help save time and resources at the clinician level by reducing the data analysis
time, optimizing medical decisions, and offering insights into other centers’ experiences
and databases. Thus, the clinician may have additional time to spend with patients to
understand better their needs and disease. Of course, the input data must be correct
and large enough to obtain accurate results. The parameters and ML algorithms must
be continuously developed and optimized. Otherwise, the probability of high errors is
high. The users must define the acceptable margins of the statistical error because the ML
algorithms approach represents a probabilistic process. The ethical challenges in collecting
and handling data represent another ML algorithm limitation. Clinicians must understand
the advantages and the disadvantages of using the ML approach as they are the interface
to the patients [99]. Clinical judgment still has its role in our era. The medical doctor is
the one able to discriminate between clinical changes by integrating medical and social
data. Still, the clinician is the one who can interpret the results of ML algorithms in the
patient’s context.

Machine learning algorithms can help assess the risk of venous thromboembolism
(VTE) in ambulatory cancer patients. By accurately identifying high-risk VTE patients,
healthcare professionals can provide them with the appropriate treatment. In Ferroni
et al.’s (2017) study, a model based on multiple kernel learning (MKL) and random opti-
mization (RO) was used to achieve this goal in chemotherapy-treated ambulatory cancer
patients [100]. ML-RO-2 was the most accurate model compared to the Khorana score (pos-
itive likelihood ratio 1.68, negative likelihood ratio 0.24) [100]. ML-RO-2 presented an area
under the precision–recall curve of 0.212, while the Khorana score’ area was only 0.096 [100].
The strongest association was related to the blood lipids and body mass index/performance
status, while the weaker was related to the tumor site/stage and drugs [100]. The sec-
ond best-performing model was ML-RO-3 [100]. A study conducted by Ferroni et al. in
2017 validated the ML-RO-2 and ML-RO-3 approaches as a low-cost method for assessing
VTE risk in oncologic patients [101]. The f-measure, a metric used in ML, calculated as
a harmonic mean of P (positive predictive value in ML) and R (sensitivity in ML), mea-
sured the effectiveness of a classifier algorithm. ML-RO-2 and ML-RO-3 presented higher
f-measures (0.213 and, respectively, 0.211) than the Khorana score (f-measure: 0.100) [101].
The study involved 608 patients, with a mean age of 63 years, with 58% of them having
relapsing/metastatic solid cancers [101]. The incidence of deep venous thrombosis was
5.3%, while pulmonary embolism was diagnosed in 1.8% of cases [101]. Xu et al. (2023)
developed and validated a new clinical prediction model for VTE in gastric cancer patients
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based on support vector machine (SVM), one of the ML algorithms [97]. The model’s
AUC, sensitivity, and specificity were 0.825, 0.710, and 0.802, respectively [97]. The top five
predictors in the model were the clinical stage, the blood transfusion history, D-dimer, age,
and fibrinogen degradation products [97].

Jin et al. reported that only linear discriminant analysis (AUC 0.773) and logistic
regression (AUC 0.772) outperformed the Khorana score (AUC 0.642) in cancer-related VTE
prediction [102]. The combination with D-dimer improved the models’ performance [103].
The top five predictors of cancer-related VTE were D-dimer level, age, Charlson Comorbid-
ity Index, length of stay, and previous VTE history [102].

Lei et al. recommended the random forest model as the best classifier for VTE predic-
tion in lung cancer [103]. The model presented an AUC of 0.91 (95% CI: 0.893–0.926), a sen-
sitivity of 0.714 (95% CI: 0.614–0.762), and a specificity of 0.965 (95% CI: 0.941–0.985) [103].
The five most relevant parameters were Karnofsky Performance Status, a history of VTE,
recombinant human endostatin, EGFR-TKI, and platelet count [103].

Mantha et al. (Preprint) [104] conducted the first study of a deep-learning model that
predicts the risk of cancer-associated VTE. The model was selected based on its C-index
and potential usefulness in clinical practice [104]. The DeepHit model’s most important
predictors were plasma albumin, followed by the presence of metastatic disease [104].
Additionally, the use of systemic therapy, plasma electrolytes (sodium, potassium, chloride,
and calcium), hemoglobin, glucose, and alkaline phosphatase were identified as VTE risk
predictors [104]. Meng et al. found in hospitalized cancer patients that the extreme gradient
boosting (XGBoost) model achieved the best performance in VTE prediction [105]. The five
most significant features tested in the model were D-dimer level, diabetes, hypertension,
pleural metastasis, and hematological malignancies [105]. Danilatou and colleagues demon-
strated that the machine learning approach outperformed traditional scoring systems in
predicting early and late mortality in critically ill patients with venous thromboembolism
and cancer. In addition, they validated the model externally [106].

In the future, machine learning models have potential in clinical practice but require
optimization with larger databases and multiple algorithms. It is crucial to adhere to the
standardization of reporting provided by the Scientific and Standardization Committee
(SSC) Subcommittee on Hemostasis & Malignancy of the International Society on Thrombo-
sis and Hemostasis (ISTH). This involves the TRIPOD checklist (Transparent Reporting of
a Multivariable Prediction Model for Individual Prognosis or Diagnosis), clearly defining
predictors, defining the derivation population, and validating the model externally before
implementing it [107].

This paper aims to present the current relevant knowledge in VTE risk assessment in
ambulatory cancer patients, starting from the guideline recommendations and continuing
with the specific risk assessment methods and machine learning models approaches. The
main limitation of this review is its narrative character.

7. Conclusions and Future Directions

VTE risk assessment in ambulatory cancer patients is still challenging. High-risk
cancer patients must be accurately discriminated against thromboprophylaxis, but the
guidelines do not provide enough information. Many scores, nomograms, and models
were developed, but none have optimally performed in this setting. Clinical features,
biomarkers, and genetic patterns have been tested alone or grouped in cancer populations
in general or specific cancer cohorts. The polygenic risk scores that do not change during
the cancer course could be potential predictors of cancer-associated VTE independent of
cancer type, but this idea needs further validation in prospective studies. Additionally,
the expenses must be assessed better. The machine learning models might provide a
potentially useful algorithm through learning and improving its performance based on the
data they use. But, to apply these methods in clinical practice, they need to be optimized in
larger databases.
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Simple Summary: The incidence of colorectal cancer in people under 50 years old is rapidly increas-
ing in the United States. Our study aims to understand how often early-onset colorectal cancer occurs
and what factors contribute to its rise. By analyzing data from 1990 to 2021, we found a significant
increase in cancer cases, especially among women and those born after 1983. Our findings highlight
the need for targeted prevention strategies and further research to uncover the reasons behind these
trends. This research can help the medical community develop better screening and prevention
methods to reduce the incidence of early-onset colorectal cancer.

Abstract: The incidence of early-onset colorectal cancer (EO-CRC) in individuals under 50 years old
is rapidly increasing in the United States. This study aims to evaluate EO-CRC incidence rates using
data from the Global Burden of Disease Study (GBD) 2021, providing insights into trends from 1990
to 2021. We employed an age–period–cohort (APC) model analysis to estimate the effects of age, time
period, and birth cohort on EO-CRC incidence. Our findings indicate that the number of EO-CRC
cases rose from 6256 (95% UI: 6059–6456) in 1990 to 9311 (95% UI: 8859–9744) in 2021, a 49% increase
from 1990 to 2021. The age-standardized incidence rate per 100,000 population increased by 34%
during this period. The net drift in females (0.22%, 95% CI: 0.20–0.24) was slightly higher than in
males (0.21%, 95% CI: 0.19–0.23) (p = 0.45). The APC analysis revealed that being over 25 years old,
the period from 2005–2021, and being born after 1983 negatively impacted EO-CRC incidence rates,
with a sharp rise after 2000 and a reduction among females from 2017 to 2021. Our study highlights
the need for targeted prevention strategies and further research to understand these trends.

Keywords: colorectal cancer; early-onset; incidence; age–period–cohort; global burden of diseases;
epidemiology; public health; United States

1. Introduction

The incidence of early-onset colorectal cancer (EO-CRC), defined as colorectal cancer
diagnosed before age 50, has been increasing alarmingly in the United States (US) in recent
decades [1,2]. The American Cancer Society projects that around 151,000 Americans will be
diagnosed with colorectal cancer in 2024, with a rapid rise in cases among young adults [3].
Specifically, the incidence of EO-CRC has risen by 50% in the last 30 years, and by 2030,
colorectal cancer (CRC) is predicted to be the leading cause of cancer death for the people
under 50 in the US [4]. This escalating burden has been observed across all younger age
groups from 20 to 49 years [5].

Several factors have been implicated in the rise of EO-CRC, including racial disparities,
obesity, sedentary lifestyle, and environmental exposures [6,7]. African Americans have
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historically been at higher risk for EO-CRC compared to Caucasians [8], possibly due to
socioeconomic factors and healthcare access. With the increase in the prevalence of risk
factors in the younger population, the incidence of EO-CRC may continue to increase.

Recent screening guidelines for the US population have lowered the recommended
CRC screening age from 45 to 50 years for the average-risk population [9,10]. This change
in the screening age threshold has consequently redefined the population considered
unscreened for CRC. Previous studies examining the incidences and outcomes of EO-CRC
did not account for this updated screening guideline [11–13]. An updated comprehensive
analysis with a focus on the age group below 45 years is needed to provide a more accurate
understanding of the evolving EO-CRC epidemiology.

Numerous studies have examined the epidemiological characteristics of EO-CRC at
both the regional and national levels [14–17]. CRC is influenced by age-related factors;
moreover, the epidemiology of CRC can be shaped by the specific time period and the birth
cohort of the population. However, there is a notable gap in research examining how age,
time period, and birth cohort influence the incidence of EO-CRC. Furthermore, few studies
have utilized age–period–cohort (APC) models to evaluate these effects comprehensively.
The Global Burden of Disease Study 2021 (GBD 2021) [18] evaluated over 370 diseases
and injuries, providing comprehensive data to examine the epidemiological patterns and
characteristics of EO-CRC. The age—period–cohort (APC) model is a powerful statistical
method tool that can analyze trends in disease incidence and mortality by simultaneously
accounting for three time-related factors: age, period, and cohort effects. This approach
helps to separate these interconnected factors, offering a clear understanding of how each
contributes to the observed trends in cancer incidence. By disentangling these intertwined
effects, the APC model provides a clearer picture of how each factor contributes to the
observed trends in cancer incidence [19].

In this study, we applied an APC model to analyze the incidence trends of EO-CRC in
the US from 1990 to 2021, aiming to provide a comprehensive insight into the age, period,
and cohort effects on EO-CRC, thereby informing targeted prevention strategies and future
research directions.

2. Materials and Methods
2.1. Data Sources

We used aggregated national-level data provided by the Institute of Health Metrics and
Evaluation (IHME) | Global Health Data Exchange (GHDx) to collect age-standardized
incidence rates for EO-CRC in the US from 1990 to 2021. These data encompass age-
standardized rates aggregated across the entire country, without individual or state-level
breakdowns. The International Classification of Disease 10th Revision (ICD-10) codes
used to define CRC (level 3) included C-180-18.9, C19, C19.0, C19.9, C2, C20, C20.0, C20.8,
C20.9, C21, C21.0, C21.1, C21.2, C21.8, and C21.9. EO-CRC was defined in this study as the
incidence of CRC before the age of 45 years. Age-standardized incidence rates per 100,000
population among males and females were used in our estimates.

These rates were standardized to the World Health Organization’s world standard
population, allowing for adjustments to account for differences in age distribution within
the population over time. This standardization is important for accurately comparing
incidence rates across different demographic groups and over the study period.

2.2. Study Population

The study population included individuals aged 20 to 44 years diagnosed with col-
orectal cancer from 1990 to 2021 in the United States. The population was divided into five
age groups: 20–24, 25–29, 30–34, 35–39, and 40–44 years.

2.3. Statistical Analysis

We used the APC model to analyze the incidence trends of EO-CRC. The APC model
allows for the separation of the effects of age, period, and cohort that are often intertwined.
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The incidence of EO-CRC served as the dependent variable, while age, period, and birth
cohort were considered as independent variables. The APC model uses statistical methods
to analyze how age-specific time periods and birth years affect EO-CRC incidence rates
over time. It helps to separate the influence of each factor on the incidence rates.

The model assesses the impact of age, period, and cohort factors on the incidence rates,
where the age effect reflects the difference in the EO-CRC incidence across various ages, the
period effect shows the impact of different external factors during the study period (1990 to
2021) on EO-CRC incidence throughout all ages, and the cohort effect illustrates EO-CRC
incidence changes caused by shared experiences or exposure to several risk factors across
birth years.

The incidence ratio is a measure used to compare the incidence rates between different
groups. It indicates how much more or less common EO-CRC is in one group compared to
another. An incidence ratio greater than 1 suggests higher incidence, while a ratio less than
1 suggests lower incidence.

Ideally, the age and period intervals in the APC model should be equal. Because
the age groups in the GBD 2021 are at five-year intervals, we displayed the incidence
and population data in consecutive five-year periods (1990–1994, 1995–1999, 2000–2005,
etc.), with 1990–1994 as the reference period. The population was divided into five age
groups: 20–24, 25–29, 30–34, 35–39 and 40–44 years, with the medians of each interval as
the reference age group.

The APC model produces two main results: net drift and local drift.

1. Net drift shows the overall annual increase in EO-CRC incidence rates across all birth
cohorts.

2. Local drift indicates the annual increase in specific age groups, highlighting variations
by age over time.

The cohorts are the result of participants’ period minus their age. The relative risk
estimates and their 95% confidence intervals (CIs) were gathered using the Age–Period–
Cohort web tool provided by the National Cancer Institute [19]. Other indicators include
period rate ratios (RRs), birth cohort RRs, and fitted time trends.

2.4. Data Quality and Robustness

The estimates were generated using incidence and population data provided by the
IHME and the National Center for Health Statistics. The IHME utilizes sophisticated
modeling techniques to estimate disease incidence rates, incorporating data from various
sources, including vital registration systems, cancer registries, and health surveys. These
models adjust for potential biases and inconsistencies in the raw data, providing robust
and reliable estimates of EO-CRC incidence rates.

2.5. Data Analysis and Visualization

Microsoft Excel 360 was used to collect the data. Figures were generated using the
APC R software (version 4.2.2; R Foundation for Statistical Computing, Vienna, Austria).
The statistical significance was set at a two-sided p-value < 0.05 using the APC’s Wald’s
chi-square test.

3. Results
3.1. EO-CRC Incidence Trends

In the US, the burden of EO-CRC increased substantially from 1990 to 2021. The
number of incident cases rose from 6256 (95% uncertainty interval [UI]: 6059–6456) in 1990
to 9311 (95% UI: 8859–9744) in 2021, representing a 49% increase (95% UI: 41–56%) during
this period. Concurrently, the age-standardized incidence rate per 100,000 population
increased significantly from 32.9 (95% UI: 31.8–33.9) in 1990 to 43.9 (95% UI: 41.8–46.0) in
2021, equating to a 34% (95% UI: 26–41%) overall increase in incidence rates from 1990 to
2021. The incidence rates of EO-CRC are generally higher in men compared to women
across all age groups. More details are in Table 1.
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Table 1. Early-onset colorectal cancer incidence and percentage change from 1990–2021.

Incident Cases
(95% UI)

Percentage
Change

(95% UI)

Incidence Rate
per 100,000 (95% UI)

Percentage
Change (95% UI)

Overall 1990 2021 1990–2021 1990 2021 1990–2021

20–24 159
(154–164)

200
(190–209)

0.26
(0.18–0.33)

0.81
(0.78–0.84)

0.92
(0.87–0.96)

0.13
(0.06–0.19)

25–29 457
(475–440)

591
(557–620)

0.29
(0.20–0.38)

2.10
(2.02–2.19)

2.62
(2.48–2.75)

0.25
(0.16–0.33)

30–34 1034
(1001–1068)

1409
(1336–1477)

0.36
(0.28–0.45)

4.63
(4.48–4.78)

6.13
(5.81–6.42)

0.32
(0.24–0.41)

35–39 1736
(1684–1787)

2554
(2431–2664)

0.47
(0.39–0.55)

8.52
(8.27–8.77)

11.57
(11.01–12.07)

0.36
(0.28–0.43

40–44 2870
(2789–2954)

4557
(4354–4774)

0.59
(0.50–0.67)

15.88
(15.43–16.35)

21.69
(20.73–22.72)

0.37
(0.29–0.44)

Females

20–24 70
(67–73)

92
(87–97)

0.31
(0.21–0.41)

0.73
(0.70–0.76)

0.86
(0.81–0.91)

0.17
(0.09–0.27)

25–29 209
(200–219)

270
(251–287)

0.29
(0.18–0.39)

1.93
(1.85–2.02)

2.42
(2.25–2.57)

0.25
(0.15–0.36)

30–34 475
(451–497)

625
(582–667)

0.32
(0.20–0.45)

4.24
(4.03–4.44)

5.44
(5.07–5.81)

0.28
(0.17–0.41)

35–39 764
(735–795)

1154
(1080–1235)

0.51
(0.38–0.63)

7.45
(7.16–7.75)

10.40
(9.73–11.12)

0.40
(0.28–0.51)

40–44 1310
(1259–1365)

2060
(1942–2183)

0.57
(0.46–0.68)

14.33
(13.77–14.93)

19.41
(18.30–20.56)

0.35
(0.26–0.44)

Male

20–24 89
(85–92)

108
(102–114)

0.22
(0.13–0.31)

0.89
(0.85–0.92)

0.97
(1.03–0.92)

0.09
(0.01–0.17)

25–29 248
(237–259)

321
(102–114)

0.30
(0.20–0.41)

2.27
(2.17–2.37)

2.82
(2.63–3.00)

0.24
(0.15–0.35)

30–34 559
(537–583)

784
(300–341)

0.40
(0.30–0.51)

5.02
(4.82–5.23)

6.81
(6.41–7.19)

0.36
(0.26–0.46)

35–39 971
(932–1010)

1400
(1317–1482)

0.44
(0.34–0.54)

9.61
(9.22–9.99)

12.76
(12.00–13.51)

0.33
(0.24–0.42)

40–44 1560
(1506–1617)

2497
(2351–2636)

0.60
(0.50–0.71)

17.47
(16.86–18.10)

24.02
(22.62–25.35)

0.38
(0.29–0.47)

UI: uncertainty interval.

In females, the 40–44 years age group saw an increase in incident EO-CRC cases from
1310 (95% UI: 1259–1365) in 1990 to 2060 (95% UI: 1942–2183) in 2021 (Figure 1). EO-CRC
incidence in the 35–39 years age group rose from 764 to 1154 cases, while incidence in
the 30–34 and 25–29 years groups increased from 500 and 300 cases to 700 and 500 cases,
respectively. The 20–24 years group showed a slight rise from 70 to 92 cases. In males, the
40–44 years age group increased from 1560 to 2500 EO-CRC cases in 2021. The 35–39 years
group rose from 1000 to 1400 cases, while the 30–34 and 25–29 years groups increased from
559 and 248 cases to 784 and 341 cases, respectively. The 20–24 years group saw a rise from
89 to 321 cases.

129



Cancers 2024, 16, 2883

Cancers 2024, 16, 2883 5 of 11 
 

 

40–44 years age group increased from 1560 to 2500 EO-CRC cases in 2021. The 35–39 years 
group rose from 1000 to 1400 cases, while the 30–34 and 25–29 years groups increased 
from 559 and 248 cases to 784 and 341 cases, respectively. The 20–24 years group saw a 
rise from 89 to 321 cases. 

 
Figure 1. Trends in incident cases and incidence rate of early-onset colorectal cancer by age group 
and gender in the United States, 1990–2021 (females—left, and males—right). 

The mounting burden was observed across all younger age groups from 20 to 44 
years. The largest percentage increase was observed among those aged 40–44 years, with 
a 59% escalation in incident cases overall (60% in males, 57% in females), coupled with a 
37% increase in the incidence rate. Notably, even the youngest group, 20–24 years of age, 
exhibited a 26% surge in EO-CRC cases and a 13% higher incidence rate. Among 
individuals aged 35–39 years, cases increased by 47% overall, 51% in females, and 44% in 
males, while incidence rates increased by approximately 36–40% in both sexes. In the 30–
34 years age group, a 36% increase in EO-CRC cases and a 32% elevation in incidence rate 
were noted across sexes. Although percentage increases tended to be higher among males 
across most age groups, females exhibited slightly greater increases in the 35–39 years age 
group. 

3.2. Net and Local Drifts by Age Groups 
The net and local drifts were evaluated by age group, where net drift represents the 

overall annual percentage change across the study period, and the local drift represents 

Figure 1. Trends in incident cases and incidence rate of early-onset colorectal cancer by age group
and gender in the United States, 1990–2021 (females—left, and males—right).

The mounting burden was observed across all younger age groups from 20 to 44 years.
The largest percentage increase was observed among those aged 40–44 years, with a
59% escalation in incident cases overall (60% in males, 57% in females), coupled with
a 37% increase in the incidence rate. Notably, even the youngest group, 20–24 years of
age, exhibited a 26% surge in EO-CRC cases and a 13% higher incidence rate. Among
individuals aged 35–39 years, cases increased by 47% overall, 51% in females, and 44%
in males, while incidence rates increased by approximately 36–40% in both sexes. In the
30–34 years age group, a 36% increase in EO-CRC cases and a 32% elevation in incidence
rate were noted across sexes. Although percentage increases tended to be higher among
males across most age groups, females exhibited slightly greater increases in the 35–39 years
age group.

3.2. Net and Local Drifts by Age Groups

The net and local drifts were evaluated by age group, where net drift represents the
overall annual percentage change across the study period, and the local drift represents
the annual percentage change in the EO-CRC incidence rates relative to the net drift for
each age group (Figure 2). The overall annual increase in EO-CRC incidence rates (net
drift) was slightly higher in females (0.22% per year, 95% CI: 0.20 to 0.24) compared to
males (0.21% per year, 95% CI: 0.19 to 0.23). However, this difference was not statistically
significant (p = 0.45). The annual increase in specific age groups (local drift) was above
average for both males and females, especially noticeable in individuals aged 22 years and
older, indicating a worsening trend in EO-CRC incidence rates until around age 37.

3.3. APC Analysis

The figures illustrating changes in rates provide additional insights through the APC
model analysis. This model isolates the effects of age, period, and cohort, offering a more
nuanced understanding of EO-CRC incidence trends than simple incidence rate graphs.
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Figure 3 demonstrates the effect of age, period, and cohort on the EO-CRC incidence.
Overall, the incidence of EO-CRC exhibits a rapid increase after the age of 25 years, irre-
spective of sex. However, the highest incidence is seen in males aged 42 years, around
21 per 100,000 population. From 2005, the incidence ratio of EO-CRC was greater than 1,
indicating worsening EO-CRC incidence during these periods. However, the 2019–2021 pe-
riod effect positively impacted the incidence rates in females. The cohort effect shows that
individuals born in 1983 onwards had an incidence ratio greater than 1, with a bell-shaped
curve indicating worsening incidence rates until 1996, followed by gradual reduction.
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The APC analysis revealed that being over 25 years old, the period from 2005–2021,
and being born after 1983 were important factors influencing EO-CRC incidence rates.

The fitted time trend represents the change in expected EO-CRC incidence over time
for the reference age, adjusted for the cohort effects. The fitted time trend is increasing with
a sharp increase after 2000, with an acute decrease in females from 2017 to 2021 (Figure 4).
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4. Discussion

To the best of our knowledge, this is the first study to examine the long-term trends
and APC effects of EO-CRC in the US from 1990 to 2021, using comprehensive data from
the GBD 2021 study. Our study revealed a significant increase in EO-CRC incidence over
the past three decades, with a 34% rise in age-standardized incidence rates from 32.9 per
100,000 in 1990 to 43.9 per 100,000 in 2021. The greatest increase was observed in individuals
aged 40–44. The APC analysis highlighted critical factors influencing EO-CRC incidence,
including being over 25 years old, the period from 2005–2021, and being born after 1983.
These findings align with previous research, emphasizing the impact of lifestyle changes
and genetic predispositions on EO-CRC trends.

The greatest increase was observed in individuals aged 40–44, with incident cases
rising by 59% and incidence rates by 37%. This substantial rise highlights a growing public
health concern that necessitates urgent attention. Local drift analysis indicated an increase
in EO-CRC incidence among those aged 22 and above, peaking at age 42. The cohort
effect showed that individuals born after 1983 were at elevated risk, with the incidence
ratio peaking around 1996 before declining. This suggests that younger cohorts may be
experiencing different or additional risk factors compared to older cohorts.

Our findings are consistent with previous research showing a significant global rise in
EO-CRC incidence. Patel et al. (2021) emphasized the rising burden in individuals under
50, linking EO-CRC trends to lifestyle changes and genetic predispositions [20]. Their
recommendations led to updated guidelines for colorectal cancer screening, advocating for
earlier screening starting at age 45 due to the high prevalence of neoplasia in the young
population. Similarly, a global systematic review also documented an increase in young-
onset CRC across multiple countries, particularly in North America and Europe [21–23].

Multiple studies have emphasized that the increased incidence in EO-CRC is primarily
attributed to shifts in dietary patterns and increasingly sedentary lifestyle, which exacerbate
CRC risk [20,24–30]. A case-control study by Low et al. identified obesity, diabetes,
and smoking as prominent risk factors for EO-CRC among US veterans aged 18–49 [24].
Additionally, the study highlighted the complex interplay of diet and metabolic health,
identifying regular alcohol consumption, hypertension, higher BMI, and increased fish
consumption as key contributors to EO-CRC in a Chinese population [25]. While fish
consumption was initially identified as a potential risk factor, this finding is unusual. Most
CRC epidemiological studies indicate that fish is either neutral or protective, except in
specific regions like northern Iceland where fish contamination is an issue. Furthermore,
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sedentary behavior, unhealthy diet, and family history, increased metabolic risk factors
such as hypertension, dyslipidemia, and type 2 diabetes significantly raise the likelihood of
developing colorectal adenocarcinoma [26–30].

Findings from our APC analysis highlighted the importance of distinguishing between
age, period, and cohort effects in understanding EO-CRC trends. The rapid increase in
incidence after age 25, irrespective of sex, suggests that interventions targeting young
adults could be crucial. Moreover, the period effect from 2005 onwards, which showed
a worsening trend, indicates that recent environmental or lifestyle changes are likely
contributors to the rising incidence. This aligns with the observed increase in incidence rates
among individuals born after 1983, peaking around 1996, which could reflect generational
shifts in risk factors.

Although our study did not assess EO-CRC by cancer location due to data constraints,
it is essential to note that a combination of sigmoidoscopy and fecal immunochemical test
(FIT) is most appropriate for distal/rectal cancer screening, while colonoscopy and/or FIT
are adequate for proximal colon screening. Future studies should aim to include cancer
location to provide more specific screening recommendations.

Considering the risk factors associated with EO-CRC, they underscore the importance
of adopting a multifaceted approach to prevention. Dietary guidelines should emphasize a
balanced and nutrient-rich diet, as a well-rounded nutritional intake plays a critical role
in reducing EO-CRC risk. Coupled with the promotion of regular physical activity, these
lifestyle modifications can significantly mitigate the risk of this condition. Furthermore,
targeted health screening, particularly among high-risk cohorts born between 1983 and
2016, is crucial for early detection and timely treatment, which can further aid in the
prevention and management of EO-CRC.

The escalating burden of EO-CRC necessitates immediate action from healthcare poli-
cymakers and clinicians. While current screening guidelines recommend colorectal cancer
screening from age 45 onwards for the average-risk populations, evidence suggests that
even younger individuals may be at significant risk, particularly those with a family history
or known genetic predispositions. Therefore, a comprehensive understanding of lifestyle
factors impacting EO-CRC risk across different demographics and age groups is crucial.
Analyzing genetic markers can help identify specific high-risk populations that would
benefit from targeted screening and preventive measures. Additionally, evaluating the
effectiveness of current screening guidelines and considering lowering the recommended
screening age for certain high-risk groups under 45 is imperative. Furthermore, investi-
gating socioeconomic disparities in healthcare access can shed light on the reasons behind
delayed diagnoses and worse outcomes, enabling the development of targeted interven-
tions to address these inequalities. By conducting multifaceted research, tailored strategies
for prevention, early detection, and improved outcomes can be developed to combat the
rising burden of EO-CRC.

Strengths and Limitations

A significant strength of this study is its use of the comprehensive GBD 2021 dataset,
providing long-term data across 31 years for robust analysis. The APC model allowed a
detailed exploration of age, period, and cohort effects on EO-CRC incidence. However, the
study is limited by its reliance on aggregated national data, which may obscure regional
disparities in EO-CRC trends. The GHDx dataset did not provide information on cancer
location (proximal colon, distal colon, or rectal cancers). Additionally, lifestyle risk fac-
tors and genetic predispositions were not directly analyzed due to data constraints. We
acknowledge the importance of analyzing ethnicity in CRC incidence studies. While our
current study does not include this analysis due to data limitations, we plan to address
this significant aspect in future research. Furthermore, reliance on public data might have
introduced inaccuracies or inconsistencies in cancer classification.
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5. Conclusions

Our study delivers important insights into the increasing incidence of EO-CRC in the
US over the past three decades. Our findings reveal a consistent and substantial rise in
incidence rates, particularly among individuals aged 40–44. The APC analysis underscores
the complex interplay between age, period, and cohort effects. Our research strengthens
the call for refining early detection strategies, increasing public awareness, and expanding
studies into the genetic and lifestyle factors contributing to the growing EO-CRC burden.
Addressing these issues through targeted research and public health interventions will be
crucial in mitigating the future impact of this disease.
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Simple Summary: Oral cancer affects the mouth and throat areas. It is a major cause of death for
older people in developed countries. This review looked at how living in rural areas influences oral
cancer trends in these countries. The studies from these countries showed increasing rates of oral
cancer in rural areas of the US, Australia, Canada, and Europe. Older people are more affected by
these cancers than younger groups. The main risk factors are tobacco use, alcohol consumption, and
HPV infections. People in rural areas often do not know much about HPV-related cancers. They also
tend to use more tobacco and alcohol than city dwellers. Even in developed countries, living in rural
areas can lead to shorter lifespans for oral cancer patients. This is mainly because it is harder for them
to access specialized cancer treatment centres and advanced medical care. In summary, where people
live can significantly impact their chances of surviving oral cancer, even in wealthy nations.

Abstract: Oral cancer is the general term used to describe cancers of the oral cavity and oropha-
ryngeal region. These cancers are one of the leading causes of death in elderly residents within
the Organisation for Economic Co-operation and Development (OECD) member countries in the
21st century. This scoping review was carried out to assess the influence of rurality on oral cancer
trends and patterns among OECD member countries. Four online databases (Medline, PubMed,
Scopus, and CINAHL) were searched for studies that reported on oral cancer trends in rural and
remote areas in OECD member countries. A total of 1143 articles were obtained initially; among
them, 995 papers were screened to include 18 articles for this scoping review. Studies have reported
increasing incidence and prevalence in the United States, Australia, Canada, and European countries
wherein risk factors such as tobacco, alcohol, and human papilloma virus (HPV) infections were
associated with oral and oropharyngeal cancers. Awareness among people living in rural areas about
HPV-related cancers was very low, while rates of tobacco and alcohol abuse were noted to be rising
more rapidly than among their urban counterparts. Furthermore, the ageing population was most
affected compared to the younger age groups of people with oral and oropharyngeal cancer that
are prevalent in these regions. Overall, despite living in developed countries, rurality was noted to
be a significant factor in the lower life expectancy of oral cancer patients, mainly due to the limited
accessibility to tertiary cancer care centres and advanced medical care.

Keywords: oral cancer; incidence; prevalence; risk factors; rural and remote population; OECD
member countries
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1. Introduction

Oral cancer is one of the leading causes of death among head and neck cancers
worldwide [1]. Malignancies can occur in any tissue in the head and neck region, but most
tumours in this region develop from the mucosa lining the upper aerodigestive tract and
are more likely to be classified as squamous cell carcinoma (SCC) [2]. The recent literature
suggests an increasing trend in the development of oral cancer among rural populations
around the globe [3,4]. Notably, residents of rural areas experience below-average life
expectancy compared to urban dwellers attributable to various sociodemographic and
geographic factors, such as age, gender, rurality, low health awareness, and educational
and employment levels, along with limited access to healthcare services [5–11].

The Organisation for Economic Co-operation and Development (OECD) member
countries and key partners represent 80% of world trade and investment [12]. In regard to
rural and remote populations in OECD member countries, the available evidence indicates
that several factors contribute to an increasing trend of oral and oropharyngeal cancers [13].
In case of OECD member countries, rural populations are at a high risk of head and neck
carcinoma (HNC) and lower life expectancy in comparison to their urban counterparts,
either due to their remoteness from the tertiary healthcare centres or the increased burden
from family life, work, financial, and educational factors which influence the overall quality
of life [13].

Since the beginning of the 21st century, multiple studies have been conducted globally
to assess the trends of oral and oropharyngeal cancers in rural and remote communities,
including a recent systemic review focusing on rural United States [14]. In the United States,
cancer is the second leading cause of death with an estimated 370,300 people diagnosed
with some form of head and neck cancer [15]. Multiple studies conducted in the USA
suggested that increased oral cancer incidence was associated with rurality and poverty in
men of African-American ethnicity [5,16–21]. In another study, lifetime HPV risk in young
adults was noted to be higher in males (91.3%) than females (84.6%) [22]. Other factors
that play an important role include the following: reduced access to healthcare facilities;
unemployment; sedentary lifestyle; and lower community cohesion [23]. Interestingly, oral
cavity cancers were common in older males, particularly in African-American men, but
oropharyngeal cancers were more commonly noted in younger Caucasian males [24]. The
association between HPV and oropharyngeal cancer showed significant variation with
increased knowledge about HPV in Caucasians compared to African Americans [17,18].
However, tobacco and alcohol abuse were the dominant risk factors for SCC among both
the races [18]. A 225% increase in HPV-associated oropharyngeal cancer between 2010
and 2016 was also noted [25]. Studies conducted in Florida confirmed that rural residents
lacked knowledge of oral and oropharyngeal cancer compared to their urban counterparts,
suggesting a need to educate the population in rural areas about the risk factors and
symptoms of oral cancer [26].

In Europe, oral and pharyngeal cancers are the seventh leading type of cancer. In
Germany alone, there are more than 10,000 new cases diagnosed annually [12]. A total of
3127 new cases of oral and pharyngeal cancer were recorded between 2000 and 2006 within
the state of Schleswig–Holstein, Germany, with more than 80% of all cases diagnosed as
SCC [12]. Another German study conducted in rural communities with a high prevalence
of HPV infection showed its significant influence and resulted in highly variable numbers
of incidence rates of SCC [27]. Overall, studies conducted in the USA, Canada, Germany,
Spain, French territories, and in Australia all reported an increased rate of incidence in
rural communities compared to their urban counterparts [2,12,13,15,18,23,25–42].

Australian studies point towards an increasing number of oral cancer cases diagnosed
in the advanced stages of the disease with reasons for a delay in diagnosis including
regional isolation, a lack of knowledge about the risk factors and symptoms, tobacco and
alcohol abuse, and HPV-related oropharyngeal squamous cell carcinoma [38,40,41]. A high
prevalence of tobacco and alcohol consumption along with betel (areca) nut consumption
was noted among Chinese, South Asian, and Taiwanese immigrants living in regional
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Canada with low socioeconomic profiles, which contributed significantly to the increased
incidence of oral cavity cancer among older age group men [23].

While there are multiple studies that have been published from OECD countries, there
is no clear consensus on the influence of rurality on oral and oropharyngeal cancer trends
in most OECD member countries. Hence, this scoping review focuses on the oral cancer
trends in the rural and remote communities of the OECD member countries. The objective
of this review is to identify the gap in research on oral cancer trends and the influence of
rurality on these trends.

2. Methods

The framework for this scoping review, described below, was adapted from the
methodology described by Arksey and O’Malley and Sucharew et al. to ensure com-
prehensive and reproducible, structured literature searches were completed for relevant
information, with minimal bias [2,43,44]. All the steps for conducting a scoping review as
outlined by Arksey and O’Malley were followed except the optional consultation, since
this was not feasible in our context [43,44]. The scoping review and the search strategy
were driven by the following research question.

How does rurality influence oral cancer trends in OECD member countries?

2.1. Inclusion Criteria

Retrospective and observational studies which assessed the oral cancer trends, such as
risk factors, incidence, and prevalence of oral cancer, with no age or gender restrictions,
published in the English language, and studies carried out in rural populations of OECD
member countries from 2000 onwards were included in this scoping review, to assess the
OSCC trends in the 21st century.

2.2. Exclusion Criteria

Any type of studies carried out in countries other than OECD member countries,
focusing on cancer in regions other than the oral cavity and oropharynx, systematic,
scoping or narrative literature reviews, animal studies, opinion papers, conference papers,
case reports, case series, and articles published in non-English languages were excluded.
Additionally, studies that included interventions or solely focusing on the urban population
were also excluded from this review.

2.3. Search Strategy

After discussion with a research librarian, the formulation of the search strategy was
finalised to identify suitable keywords for electronic database searches. The Medline (Ovid),
PubMed, Scopus, and CINAHL databases were searched using the relevant keywords.
Supplementary Table S1 consists of the search strategy and the search strings used to
retrieve studies included in this review.

2.4. Study Selection

Two of the reviewers independently screened all the titles and abstracts and ex-
cluded the studies which did not meet the inclusion criteria. Disagreements between the
two reviewers were resolved by the third reviewer. The Endnote (v20.3 Clarivate, Philadelphia,
PA, USA) bibliographic software was used to import, screen, and manage the references.

3. Results

The initial search from all the four databases yielded a total of 1143 articles. After
removing the duplicates, 995 articles were screened for inclusion by title and abstract
review. The reviewers agreed to consider 22 articles for full text review and final inclusion.
Based on the predetermined inclusion and exclusion criteria, 18 papers were included for
this scoping review. Additionally, reference lists of these papers were searched to ensure
that all the relevant studies were included in this review. The Preferred Reporting Items for
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Systematic review and Meta-analysis (PRISMA) flow chart illustrates the literature search
and selection process followed in this scoping review (Figure 1). The main findings and
basic characteristics of the articles included in this scoping review are presented in Table 1.
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Figure 1. PRISMA diagram of the literature search strategy for scoping review.

Studies conducted on cancer databases from Canada, USA, France, Germany, and
Australia have reported incidence of oral and oropharyngeal cancers and the factors
contributing to the increase in incidence and mortality, such as, socioeconomic deprivation,
suburbanisation, aged population, rurality, and tobacco and alcohol abuse, along with
HPV-related oral cancer. Eleven of the studies focused on the incidence rates including
data on some or all the above parameters [14,16,17,20,23,34,35,40,41,45,46]. The incidence,
i.e., the reported cases of oral and oropharyngeal cancers, in the studies included in this
review ranged from 34 to 154,525, with the latter utilizing multiple data sources such
as the National Cancer Surveillance, epidemiology, and Surveillance, Epidemiology, and
End Results (SEER) registries [14,16]. Within the studies reviewed, only nine included a
comparison group, such as the urban population, while the rest collected data from the
rural population alone. Most of the incidence reports consist of a significant rise in the
percentage of the population affected by oral cancer in people above 40 years of age ranging
from 45 to 88.6% of the people affected, compared to fewer being affected in the younger
age group [14,40]. In the studies conducted in the USA, the range of percentage increase
in incidence of oral cancer compared to the urban population was between 15.7% and
6.5% [20,47], while the highest increase due to rurality was reported in an Australian study
affecting the Aboriginal rural population at 37.5% [42].
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4. Discussion

This scoping review was conducted on studies involving oral cancer trends in rural
and remote areas within the OECD member countries. All data collected in these studies
included the sociodemographic profiles of rural populations, incidence and prevalence,
and risk factors for oral and oropharyngeal cancers. Most of the studies included used
retrospective analysis of data available from various state or national cancer registries.

It is evident that a substantially higher risk of oral cancer exists in the rural population
in comparison to urban counterparts, reported to be ranging between 6.5% and 68.8%
incidence in the rural population [20,42]. Generally, increasing age and long-standing
tobacco and alcohol abuse are the leading causes of the increased incidence of oral cavity
cancers in these regions. However, in most studies, the effect was more prominent in
rural men than women. Harris et al. (2020) reported on 40,678 subjects in which they
noted that a large percentage of rural men were affected by oral cancer compared to the
urban population, but a similar number of women were affected in both rural and urban
populations [47]. A study conducted in Queensland has shown the high prevalence of SCC
in males over 60 years of age [48]. Similar trends were noted in another Australian study
with 68.8% of rural men affected by oral cancer due to various risk behaviours such as
tobacco and alcohol abuse along with HPV infections [42]. A study conducted in the USA
presented the overall temporal trend of OC-OPC and the changes in fundamental factors,
emphasising on the incidence and survival rate over the past 40 years [45]. Two studies
conducted in the USA reported strong evidence to attribute rurality as the risk factor in
oral cancer where a lack of awareness and the absence of prevention and early detection by
healthcare providers are contributing to the soaring cases in recent decades [26,47].

The trends of oral and oropharyngeal cancers in the rural and remote areas of the
OECD member countries included in this scoping review are directly related to the increas-
ing age, gender, level of education and poverty, ethnicity, smoking status, and occupation.
The advancement of age and lack of awareness about the lifestyle choices that are prevalent
for a longer duration of time, along with other risk factors, such as regional isolation or
remoteness, play a significant role in the increased incidence. A recent retrospective cohort
study that examined the effect of remoteness on oral cancers noted that there was significant
delay in the commencement of treatment from both the onset of symptoms (6 months vs.
3 months) and diagnosis (47 days vs. 36 days) in regional/remote patients, when compared
to metropolitan patients in New South Wales, Australia [36]. This is particularly important
since most patients undergo surgery in a metropolitan tertiary hospital through multiple
specialist referrals between regional and metropolitan practices [36]. Additionally, the
distance of patients’ residence from a multidisciplinary hospital has recently been reported
to be a contributing factor, with the risk of being diagnosed with an advanced stage of
cancer increasing approximately 1.5 times when the distance is over 100 km [37].

Poverty level, ethnicity, and education levels play a key role in the increasing incidence
of oral cancer trends in the 21st century in the OECD countries’ rural populations. Poverty
is directly associated with an increased incidence of oral cancer in countries like the USA,
Canada, and Australia [20,47]. Specifically, 10–20% poverty status was associated with
decreased oral and oropharyngeal cancer incidence rates [20]. Two other studies reported
that the poverty level plays a role in both the increased incidence of oral cancer and the
advancement of the disease [18,38]. Ethnicity is also known to be one of the significant socio-
demographic factors that can affect the risk of oral cancers. Among the studies included, at
least nine of the included studies reported that ethnicity was a major consideration for de-
termining rising oral cancer cases among various ethnic groups [14,16,17,20,23,40,45,46,49].
Generally, Caucasians have a higher rate of incidence ranging from 70% in Australia to 99%
in USA [14,40]. This may be partly due to the demographic variations within the study pop-
ulation wherein the proportion of Caucasians is significantly higher than non-Caucasians.
Other ethnic groups with higher incidence include African Americans, Pacific Islanders,
and Aboriginal people living in both rural and urban areas [20,41,42,48,49]. Another US
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study has reported that different races show significant variations in the incidence and
prevalence rates of OCC and other forms of head and neck cancer [49].

The education level of the population is also known to affect the oral cancer inci-
dence [26,28]. Specifically, higher incidence was noted in areas with under 85% of people
with high school education, which can indirectly relate to lower awareness levels around
the risk factors [20]. Tobacco and alcohol were identified as the main risk factors of oral
cavity and oropharyngeal cancers in most countries including the USA, France, and Aus-
tralia [16,20,35]. Two studies identified tobacco and alcohol as the main risk factors for oral
cancer in all age groups, with particularly increased incidence of SCC in the age group
between 50 and 59 years [33,42].

Various occupational factors have been associated with an increased risk of head and
neck cancers, including oral cancers. In a case–control study, long term unemployment was
reported to increase the risk of oral cancers by 2.9 times in one study [50,51]. Notably, the
unemployed patients with oral cancer had significantly higher smoking and alcohol con-
sumption rates, which may in part explain the higher incidence [50]. Unemployment has
also been correlated with cancer mortality at both the individual and community level [52].
A large INHANCE (International Head and Neck Cancer Epidemiology) Consortium-led
analysis of pooled case–control studies from Western Europe, Latin America, Germany,
and France analysed the role of occupational socioeconomic risks for head and neck cancer
comprehensively [53]. This study reported that occupational socioeconomic prestige, posi-
tion, and manual work increased the risk of head and neck cancer, especially if employed
in the industry for 10 years or over, after adjusting for smoking and alcohol use [53]. A
range of professions that had an increased risk (odds) of oral and oropharyngeal cancer
were identified, including loggers, dairy farmers, and manual labourers in building and
construction industries like bricklayers, painters, roof workers, reinforced concreters, road
(asphalt) workers, drivers (lorries, vans, and earthmovers), and cargo handlers, particu-
larly in males, mostly due to the male-dominated industries [54–56]. Exposure to harmful
chemicals and known carcinogens including cement dust, asbestos, polycyclic aromatic
hydrocarbons, inorganic dusts, and solvents over a long period of time were identified as
the potential reasons for this increased risk [57–59]. Additionally, two US studies included
in this review also reported that occupations with low income and living in rural areas
were associated with an increased risk of oral cancers [20,47].

Human papillomavirus (HPV) is increasingly recognized as a known risk for some
forms of head and neck cancers, particularly oral cancers, with rates of cancers with
HPV on the rise while non-HPV cancers are on a decline [29]. Traditionally, two types of
clinicopathological forms of oral and oropharyngeal cancers are described in the literature,
based on the presence or absence of HPV [60]. HPV-positive tumours are known to clinically
present with early lymph node metastasis, albeit better responsiveness to radiation and
chemotherapy has been reported with up to a 58% reduction in the risk of death [61,62].
Furthermore, a significant correlation between the sexual practices and the awareness
as well as vaccination status for HPV-related oropharyngeal cancer incidences has been
identified [63]. An estimated 60–70% of oropharyngeal cancers are associated with HPV
infection in developed countries such as the United States, compared to under 10% in
developing or underdeveloped regions [2,64–66]. At least three of the studies included in
our review identified an association between HPV infection and oropharyngeal squamous
cell carcinoma, with increased risk ranging from 12 to 61% [16,27,35]. Additionally, higher
education levels have also been associated with increased HPV-associated oral cancers.

5. Conclusions

This scoping review revealed the negative influence of rurality in oral cancer trends,
particularly among socioeconomically deprived, aged, and geographically distant com-
munities. This scoping review confirmed the limited knowledge and variations in the
literature around the rural remote population in many OECD member countries vulnerable
to cancer, where a lack of primary healthcare centres and tertiary cancer care facilities are
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expected. The gaps evident in the data around incidence, prevalence, and risk factors
in many other OECD countries support the need for further population-based studies
in the region, specifically in regional rural and remote areas, and a comparison to the
urban population is essential. Furthermore, identifying the at-risk population can assist
in designing awareness programs to implement effective intervention strategies targeting
specific communities.
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